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UNITED STATES DISTRICT COURT
CENTRAL DISTRICT OF CALIFORNIA
SOUTHERN DIVISION

POLARIS INNOVATIONS LIMITED, ) Case No. 8:16-cv-300

an Irish limited company, )
)
Plaintiff, ) COMPLAINT FOR PATENT
) INFRINGEMENT AND DEMAND
VS. ) FOR JURY TRIAL
)
KINGSTON TECHNOLOGY )
COMPANY, INC., a Delaware )
corporation, )
)
Defendant. )
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Plaintiff Polaris Innovations Limited (“Polaris” or “Plaintiff”) hereby alleges
for its Complaint against Defendant Kingston Technology Company, Inc.
(“Kingston” or “Defendant”) as follows:

JURISDICTION

1. This is an action for patent infringement arising under the patent laws
of the United States, Title 35 of the United States Code. This Court has subject
matter jurisdiction of this action pursuant to 28 U.S.C. §§ 1331 and 1338(a).

2. This Court has personal jurisdiction over Kingston. Kingston is
headquartered in the Central District of California, has systematic and continuous
contacts with the forum, and conducts substantial business within this district.
Upon information and belief, Kingston has committed and continues to commit
acts of patent infringement, including making, selling, offering to sell, directly or
through intermediaries, subsidiaries and/or agents, infringing products within this
district, including to customers in this district.

VENUE

3. Venue is proper in this Court pursuant to 28 U.S.C. §§ 1391 and
1400(b) because Kingston is subject to personal jurisdiction in this district, and
because a substantial part of the events giving rise to Polaris’s claims occurred in
this district, and Kingston, which is headquartered in Fountain Valley, California,
has a regular and established place of business within this district.

THE PARTIES

4. Polaris Innovations Limited is a corporation organized and existing
under the laws of Ireland, with its principal place of business at Polaris Innovations
Limited, 29 Earlsfort Terrace, Dublin 2, Republic of Ireland.

5. On information and belief, Kingston Technology Company, Inc. is a
corporation organized and existing under the laws of Delaware with its principal

place of business at 17600 Newhope Street, Fountain Valley, California, 92708.

COMPLAINT FOR PATENT INFRINGEMENT
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NATURE OF THE ACTION

6. This is a patent infringement action by Polaris to end Kingston’s
unauthorized, willful, and infringing manufacture, use, sale, offering for sale,
and/or importation of products and methods incorporating Polaris’s patented
inventions.

7. Polaris holds all substantial rights and interest in the Asserted Patents
described below, including the exclusive right to sue Kingston for infringement
and recover damages.

8. Kingston makes, uses, sells, offers for sale, and imports products and
methods that infringe the Asserted Patents. Polaris seeks monetary damages and
prejudgment interest for Kingston’s past and ongoing infringement of the Asserted
Patents.

THE ASSERTED PATENTS

9. On December 5, 2000, the United States Patent and Trademark Office

duly and legally issued U.S. Patent No. 6,157,589 (“the 589 Patent”), entitled

“Dynamic semiconductor memory device and method for initializing a dynamic
semiconductor memory device.” A copy of the 589 Patent is attached hereto as
Ex. 1.

10.  Polaris owns all substantial right, title, and interest in the 589 Patent,
and holds the right to sue and recover damages for infringement thereof, including
past infringement.

11.  On August 20, 2002, the United States Patent and Trademark Office
duly and legally issued U.S. Patent No. 6,438,057 B1 (“the 057 Patent”), entitled
“DRAM refresh timing adjustment device, system and method.” A copy of the 057
Patent is attached hereto as Ex. 2.

12.  Polaris owns all substantial right, title, and interest in the 057 Patent,
and holds the right to sue and recover damages for infringement thereof, including

past infringement.

COMPLAINT FOR PATENT INFRINGEMENT
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13.  On February 1, 2005, the United States Patent and Trademark Office
duly and legally issued U.S. Patent No. 6,850,414 B2 (“the 414 Patent™), entitled
“Electronic printed circuit board having a plurality of identically designed,
housing-encapsulated semiconductor memories.” A copy of the 414 Patent is
attached hereto as Ex. 3.

14.  Polaris owns all substantial right, title, and interest in the 414 Patent,
and holds the right to sue and recover damages for infringement thereof, including
past infringement.

15.  On April 17, 2007, the United States Patent and Trademark Office
duly and legally issued U.S. Patent No. 7,206,978 B2 (“the 978 Patent”), entitled
“Error detection in a circuit module.” A copy of the 978 Patent is attached hereto
as Ex. 4.

16. Polaris owns all substantial right, title, and interest in the 978 Patent,
and holds the right to sue and recover damages for infringement thereof, including
past infringement.

17.  On January 1, 2008, the United States Patent and Trademark Office
duly and legally issued U.S. Patent No. 7,315,454 B2 (“the 454 Patent”), entitled
“Semiconductor memory module.” A copy of the 454 Patent is attached hereto as
Ex. 5.

18.  Polaris owns all substantial right, title, and interest in the 454 Patent,
and holds the right to sue and recover damages for infringement thereof, including
past infringement.

19.  On February 19, 2008, the United States Patent and Trademark Office
duly and legally issued U.S. Patent No. 7,334,150 B2 (“the 150 Patent”), entitled
“Memory module with a clock signal regeneration circuit and a register circuit for
temporarily storing the incoming command and address signals.” A copy of the
150 Patent is attached hereto as Ex. 6.

20. Polaris owns all substantial right, title, and interest in the 150 Patent,

COMPLAINT FOR PATENT INFRINGEMENT
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and holds the right to sue and recover damages for infringement thereof, including
past infringement.
COUNT I:
INFRINGEMENT OF U.S. PATENT NO. 6,157,589

21. Polaris incorporates and realleges paragraphs 1-20 above as if fully set
forth herein.

22.  On information and belief, Kingston has willfully infringed and
continues to willfully infringe one or more claims of the 589 Patent, including, but
not limited to, Claims 11 and 12, pursuant to 35 U.S.C. § 271(a), literally or under
the doctrine of equivalents, by making, using, selling, offering to sell in the United
States without authority, and/or importing into the United States without authority,
solid-state drives (SSDs) performing the claimed methods for initializing a
dynamic semiconductor memory device. These products, the “589 Patent
Infringing Products,” including by way of a non-limiting example only, Kingston’s
SSDs with model number SM2280S3/120G, perform the methods for initializing a
dynamic semiconductor memory device as required by the claims of the 589 Patent.

23. By way of example, the front and back views of a representative 589
Patent Infringing Product (SM2280S3/120G) that performs the claimed methods

are shown in the image below.
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24.  The front image of this representative 589 Infringing Product
(SM2280S3/120G) is annotated below for illustration.
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DRAM chip (Nanya NT5CC128M16FP-D1)
Controller chip (Phison PS3108)

Specifically, the 589 Patent Infringing Products, such as SM2280S3/120G, include
a dynamic random access memory (DRAM) chip (labeled Nanya
NT5CC128M16FP in the photo above) and a controller chip (labeled Phison
PS3108 in the photo above). See generally 2Gb DDR3 SDRAM H-Die datasheet,
Nanya Technology (“Nanya Datasheet™), available at
http://www.nanya.com/NanyaAdmin/GetFiles.ashx?ID=1199 (last visited February
3, 2016). On information and belief, when Kingston, its customers, and other third
parties turn on the 589 Patent Infringing Products, the controller chip supplies, via
an initialization circuit, a supply voltage stable signal (for example, the Active
Low Asynchronous Reset signal, RESET, see Nanya Datasheet at 8) once a supply
voltage has been stabilized (for example, at the time labeled Tb, see Nanya
Datasheet, Fig. 3 at 13, and as described in Step 1 of the initialization sequence,
Nanya Datasheet at 11) after the switching-on operation of the dynamic
semiconductor memory device (for example, in the “Reset Procedure” state which
follows the “Power ON” state, Nanya Datasheet, Fig. 2 at 10). The controller chip

also supplies, via an enable circuit of the initialization circuit, an enable signal (for
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example, the Clock Enable signal, CKE, Nanya Datasheet, Table 3 at 7, which the

DRAM waits for as described in Step 2 of the initialization sequence, Nanya

Datasheet at 11), the initialization circuit receiving the supply voltage stable signal

(for example, as described in Step 2 of the Reset and Initialization Procedure,

Nanya Datasheet at 11) and further command signals (for example, the “Command”
signals, Nanya Datasheet, Fig. 3 at 13) externally applied to the dynamic

semiconductor memory device, after an identification of a predetermined proper

initialization sequence of the further command signals (for example, the Mode

Register Set (“MRS”) and/or ZQ Calibration (“ZQCL”) commands issued in Steps

6-10 of the initialization sequence, Nanya Datasheet at 12-14) the enable signal

being generated (for example, as shown on the CKE line, Nanya Datasheet, Fig. 3

at 13, and as described in Step 3 of the initialization sequence, Nanya Datasheet at

11) and effecting an unlatching of a control circuit (for example, the control

circuits contained in the DRAM chip which prepare the SDRAM for receiving

valid commands during normal operation as described in Steps 10 and 12 of the

initialization sequence, Nanya Datasheet at 12) provided for a proper operation of
the dynamic semiconductor memory device. See id.

25.  On information and belief, the controller provides at least one of a
preparation command signal for word line activation, a refresh command signal,
and a loading configuration register command signal as the further command
signals (for example, the MRS command, which acts both as a preparation
command signal and as a loading configuration register command signal, see
Nanya Datasheet at 12-14).

26. On information and belief, Kingston has induced and continues to
induce infringement of one or more claims of the 589 Patent, including, but not
limited to, Claims 11 and 12, pursuant to 35 U.S.C. § 271(b), by encouraging its
customers and other third parties to perform the claimed method for initializing a

dynamic semiconductor memory device. This performance of the claimed method

COMPLAINT FOR PATENT INFRINGEMENT
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for initializing a dynamic semiconductor memory device, constitutes infringement,
literally or under the doctrine of equivalents, of one or more claims of the 589
Patent by such customers or third parties. Kingston’s acts of inducement include:
providing its customers with the 589 Patent Infringing Products and intending its
customers to use the 589 Infringing Products with hardware, software, and other
infrastructure that enable and/or make use of these products; advertising these
products through its own and third-party websites (for example,

http://www.kingston.com/ssd); encouraging customers and other third parties to

communicate directly with Kingston representatives about these products (for
example, through the “Ask an Expert” feature on its website); and providing
instructions on how to use these products. For example, Kingston’s documentation
supplied with the representative 589 Patent Infringing Product instructs users to
install the product in a computer system and restart the computer system, and thus
to perform the claimed methods. See Kingston Technology SSDNow Series Solid
State  Drive  Getting Started, No. 4402105-001.B00, available at
http://media.kingston.com/support/downloads/SSD mSATA Installguide.pdf (last

visited on February 3, 2016).

27.  Kingston proceeded in this manner despite its actual knowledge of the
589 Patent and its knowledge that the specific actions it actively induced on the
part of its customers and other third parties constitute infringement of the 589
Patent at least as of February 1, 2016 when Polaris placed Kingston on notice of
infringement of the 589 Patent and identified Kingston’s infringing products. At
the very least, because Kingston has been and remains on notice of the 589 Patent
and the accused infringement, it has been and remains willfully blind regarding the
infringement it has induced and continues to induce.

28.  On information and belief, Kingston has contributed to and continues
to contribute to infringement of one or more claims of the 589 Patent, including,

but not limited to, Claims 11 and 12, pursuant to 35 U.S.C. § 271(c) by, without

COMPLAINT FOR PATENT INFRINGEMENT
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authority, selling and/or offering to sell within the United States, importing, and/or
supplying components of systems that perform the claimed methods for initializing
a dynamic semiconductor memory device, including without limitation the 589
Patent Infringing Products. These components supplied by Kingston are key
components to building computer systems such as laptops or desktop computers.
When, for example, these products are installed on a computing device and used
for storage, the claimed dynamic semiconductor memory device is used, and/or the
claimed methods performed, thereby infringing, literally or under the doctrine of
equivalents, one or more claims of the 589 Patent. Kingston supplied and continues
to supply these components, including without limitation the 589 Patent Infringing
Products, with the knowledge of the 589 Patent and with the knowledge that these
components constitute material parts of the claimed inventions of the 589 Patent.
Kingston knows that these components are especially made and/or especially
adapted for use as claimed in the 589 Patent. Further, Kingston knows that there is
no substantial non-infringing use of these components.

29. Polaris has suffered damages as a result of Kingston’s infringement of
the 589 Patent.

30. Kingston’s infringement of the 589 Patent has been and continues to
be willful, deliberate, and in disregard of Polaris’s patent rights. At least as of
February 1, 2016, when Polaris placed Kingston on notice of infringement of the
589 Patent and identified Kingston’s infringing products, Kingston has had actual
knowledge of infringement of the 589 Patent and has proceeded to infringe the 589
Patent with full and complete knowledge of that patent and its applicability to
Kingston’s products without taking a license under the 589 Patent. Despite
knowledge of the 589 Patent, Kingston has acted and is acting despite an
objectively high likelihood that its actions constitute patent infringement. This
objective risk was and is known to Kingston, and is also so obvious that it should

have been known to Kingston. Such willful and deliberate conduct entitles Polaris

COMPLAINT FOR PATENT INFRINGEMENT
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to increased damages under 35 U.S.C. § 284 and to attorneys’ fees and costs
incurred in prosecuting this action under 35 U.S.C. § 285.
COUNT II:
INFRINGEMENT OF U.S. PATENT NO. 6,438,057

31. Polaris incorporates and realleges paragraphs 1-20 above as if fully set
forth herein.

32.  On information and belief, Kingston has willfully infringed and
continues to willfully infringe one or more claims of the 057 Patent, including, but
not limited to, Claims 1 and 2, pursuant to 35 U.S.C. § 271(a), literally or under the
doctrine of equivalents, by making, using, selling, and/or offering to sell in the
United States without authority and/or importing into the United States without
authority, Double Data Rate 3 (DDR3) Dual In-line Memory Module (DIMM)
products, devices, systems, and/or components of systems that support the
Extended Temperature Range (85°C to 95°C). These products, the “057 Patent
Infringing Products,” including by way of a non-limiting example only, Kingston’s
memory module product with model number KVR16R11D4/16, include the
temperature-based refresh rate adjustment required by the claims of the 057 Patent.

33. By way of example, the front and back views of a representative 057
Patent Infringing Product (KVR16R11D4/16) that uses the claimed temperature-

based refresh rate adjustment are shown in the image below.

COMPLAINT FOR PATENT INFRINGEMENT
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Atmel AT30TSE002B SPD/TS
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34.  The schematic diagram of this representative 057 Infringing Product
(KVR16R11D4/16) is reproduced from publicly available Kingston documentation

and annotated below for illustration.
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Kingston Value RAM Memory Module Specifications, Doc. No.
VALUERAMI1123-001.A00 (Apr. 25, 2012) (“KVR16R11D4/16 Datasheet™) at 2,
available at http://www kingston.com/dataSheets/ KVR16R11D4 16.pdf (last
visited February 3, 2016) (annotations added). Specifically, the 057 Patent

Infringing Products, such as KVR16R11D4/16, are apparatuses comprising a
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semiconductor package of the memory module including at least one contact pin
(one example shown in the blue box in the diagram above) and at least one
dynamic random access memory (DRAM) array comprising one or more DRAM
chips (shown in the green box in the diagram above), such as “DDR3-1600 CL11
SDRAM” in KVRI16R11D4/16, see KVR16R11D4/16 Datasheet at 1. On
information and belief, all 057 Patent Infringing Products that support the
Extended Temperature Range comprise at least one temperature sensor (an
example shown in the orange box above) in thermal communication with the
DRAM array, operable to produce a signal indicative of a temperature of the
DRAM array or the equivalent, and coupled to at least one connection pin such that
the signal may be provided to external circuitry. For example, the representative
057 Patent Infringing Product (KVRI6R11D4/16) comprises an Atmel
AT30TSEO002B integrated temperature sensor with SEEPROM (annotated in the
product image above). See AT30TSE002B Integrated Temperature Sensor with
SEEPROM  datasheet  (“Atmel  Datasheet”) at 1, available at
http://www.atmel.com/images/doc8711.pdf (last visited February 3, 2016). This

AT30TSE002B temperature sensor is in thermal communication with the DRAM
array, operable to produce a signal indicative of a temperature of the DRAM array
(for example, the Temperature Alert signal output by the EVENT pin) or the
equivalent, and coupled to at least one connection pin (for example, the EVENT
pin), such that the signal may be provided to external circuitry (for example, the
controller). See Atmel Datasheet at 1-4, 11, 16-18. Further, the DRAM array on the
057 Infringing Products is refreshed at a rate that decreases as the temperature of
the DRAM array decreases and that increases as the temperature of the DRAM
array increases. See, e.g., KVR16R11D4/16 Datasheet at 1 (“Average Refresh
Period 7.8us at lower than TCASE 85°C, 3.9us at 85°C < TCASE =< 95°C”).

35.  On information and belief, at least one temperature sensor of one or

more of the 057 Infringing Products includes at least one diode having a forward
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voltage drop that varies as a function of the temperature of the DRAM array, and
the signal corresponds to the forward voltage drop of the at least one diode. See,
e.g., Atmel Datasheet at 3 (“Band Gap Temperature Sensor”’) and 11 (“a band gap
type temperature sensor”).

36. On information and belief, Kingston has induced and continues to
induce infringement of one or more claims of the 057 Patent, including, but not
limited to, Claims 1, 2, 6, 7, 8, 9, 10, 11, 13, 14, 15, 16, and 17, pursuant to 35
U.S.C. § 271(b) by inducing its customers and other third parties to make, use, sell,
offer to sell, import into the United States without authorization infringing
products that comprise an 057 Infringing Product as described above and a refresh
unit and/or chip performing the temperature-based refresh rate adjustment (the
“057 Infringing Systems”), and by inducing its customers and other third parties to
perform the claimed method of the temperature-based refresh rate adjustment. This
making, using, selling, offering to sell, importing into the United States without
authorization one or more of the 057 Infringing Systems, and performance of the
claimed method constitute infringement, literally or under the doctrine of
equivalents, of one or more claims of the 057 Patent by such customers or third
parties as further explained below.

37. Specifically, on information and belief, the 057 Infringing Systems
comprise one of the 057 Infringing Products, as described in the paragraph 34
supra, and a refresh unit (for example, a unit performing the temperature-based
refresh rate adjustment in the controller, not shown in the images above) operable
to refresh the DRAM array at a rate that varies in response to the signal (such as
the Temperature Alert signal output by the EVENT pin). See, e.g.,
KVRI16R11D4/16 Datasheet at 1 (“Average Refresh Period 7.8us at lower than
TCASE 85°C, 3.9us at 85°C < TCASE < 95°C”).

38.  On information and belief, such refresh unit of the 057 Infringing

Systems further includes a refresh timing unit operable to establish the rate at
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which the DRAM array is refreshed in response to the signal (such as the
Temperature Alert signal output by the EVENT pin). /d.

39.  On information and belief, such refresh timing unit of one or more of
the 057 Infringing Systems further includes a refresh timing unit operable to
decrease the rate at which the DRAM array is refreshed as the signal (such as the
Temperature Alert signal output by the EVENT pin) indicates that the temperature
of the DRAM array decreases. /d.

40.  On information and belief, such refresh timing unit of one or more of
the 057 Infringing Systems further includes a refresh timing unit operable to
increase the rate at which the DRAM array is refreshed as the signal (such as the
Temperature Alert signal output by the EVENT pin) indicates that the temperature
of the DRAM array increases. /d.

41. On information and belief, at least one temperature sensor of one or
more of the 057 Infringing Systems further includes at least one diode having a
forward voltage drop that varies as a function of the temperature of the DRAM
array, and the signal corresponds to the forward voltage drop of the at least one
diode. See, e.g., Atmel Datasheet at 3 (“Band Gap Temperature Sensor”) and 11
(“a band gap type temperature sensor”).

42.  On information and belief, the refresh unit of one or more of the 057
Infringing Systems is operable to sense the forward voltage drop of the diode to
determine the temperature of the DRAM array. Id.

43.  On information and belief, one or more of the 057 Infringing Systems
comprise at least one DRAM chip including a DRAM array and at least one
temperature sensor in thermal communication with the DRAM array, at least one
temperature sensor being operable to produce a signal indicative of a temperature
of the DRAM array; the DRAM chip further includes at least one connection pin
operable to provide the signal to external circuitry. See paragraph 34 supra. Such

057 Infringing Systems further comprise at least one refresh chip (such as a chip in
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the controller performing the temperature-based refresh rate adjustment, not shown
in the images above) operable to refresh the DRAM array at a rate that varies in
response to the signal, wherein the refresh chip is operable to (i) decrease the rate
at which the DRAM array is refreshed as the signal indicates that the temperature
of the DRAM array decreases; and (ii) increase the rate at which the DRAM array
is refreshed as the signal indicates that the temperature of the DRAM array
increases. /d.

44.  On information and belief, at least one temperature sensor of the 057
Infringing Systems as described in paragraph 43 further includes at least one diode
having a forward voltage drop that varies as a function of the temperature of the
DRAM array, and the signal corresponds to the forward voltage drop of the at least
one diode. See, e.g., Atmel Datasheet at 3 (“Band Gap Temperature Sensor”) and
11 (“a band gap type temperature sensor’).

45.  On information and belief, the refresh chip in the 057 Infringing
Systems 1s operable to sense the forward voltage drop of the diode to determine the
temperature of the DRAM array. /d.

46. On information and belief, Kingston’s customers and other third
parties perform the claimed method of temperature-based refresh rate adjustment
by using the 057 Infringing System. Such method comprises sensing a temperature
of a dynamic random access memory (DRAM) array; outputting a signal indicative
of the temperature of the DRAM array to external circuitry; and refreshing
contents of the DRAM array at a rate that (i) decreases as the temperature of the
DRAM array decreases; and (ii) increases as the temperature of the DRAM array
increases. See paragraphs 34 and 37 supra.

47.  On information and belief, the steps of the claimed method performed
by Kingston’s customers and other third parties for sensing the temperature of the
DRAM array also comprises sensing a forward voltage drop of a diode that is in

thermal communication with the DRAM array. See paragraphs 35, 41, 42, 44 supra.
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48. Kingston’s acts of active inducement of direct infringement by its
customers and other third parties include: providing its customers with the 057
Infringing Products and intending its customers to use these infringing memory
module products with hardware and software and other infrastructure, including a
controller that comprises a refresh unit and/or chip to make and use the 057
Infringing Systems; advertising its infringing memory module products through its
own and third-party websites (for example,

http://www.kingston.com/us/memory/search/MemoryType/Default.aspx?Memory

Type=DIMM,3,,); encouraging customers and other third parties to communicate

regarding these products directly with Kingston representatives (for example,
through the “Ask an Expert” feature on its website); and providing its customers
and other third parties with instructions on how to combine these infringing
memory module products with hardware and software and other infrastructure to
make and use the 057 Infringing System, and to perform the claimed method. For
example, Kingston’s user manual, supplied with the representative 057 Patent
Infringing Product, instructs the users to install and use the product in a computer
system, thus instructing the users to make and use the 057 Infringing System and
enable the users to perform the claimed method. See Ex. 7, Kingston Technology
Warranty and Installation Guide, Doc. 4402092-001.D00; see also,
KVRI16R11D4/16 Datasheet.

49.  Kingston proceeded in this manner despite its actual knowledge of the
057 Patent and its knowledge that the specific actions it actively induced on the
part of its customers and other third parties constitute infringement of the 057
Patent at least as of February 1, 2016, when Polaris placed Kingston on notice of
infringement of the 057 Patent and identified Kingston’s infringing products. At
the very least, because Kingston has been and remains on notice of the 057 Patent
and the accused infringement, it has been and remains willfully blind regarding the

infringement it has induced and continues to induce.
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50.  On information and belief, Kingston has contributed to and continues
to contribute to infringement of one or more claims of the 057 Patent, including,
but not limited to, Claims 1, 2, 6, 7, 8,9, 10, 11, 13, 14, 15, 16, and 17, pursuant to
35 U.S.C. § 271(c) by, without authority, selling, offering to sell within the United
States, importing, and/or supplying components of the 057 Infringing Systems, and
apparatuses for use in the claimed methods of the temperature-based refresh rate
adjustment, including without limitation the 057 Patent Infringing Products. These
components and apparatuses supplied by Kingston, including without limitation
the 057 Patent Infringing Products, are key components for temperature-based
refresh rate adjustment, thus constituting material parts of the claimed inventions
of the 057 Patent. Kingston supplied and continues to supply these components and
apparatuses, including without limitation the 057 Patent Infringing Products, with
the knowledge of the 057 Patent and with the knowledge that these components
constitute material parts of the claimed inventions of the 057 Patent. Kingston
knows that these components and apparatuses are especially made and/or
especially adapted for use as claimed in the 057 Patent to support the Extended
Temperature Range (85°C to 95°C) of DDR3 memory module products. Further,
Kingston knows that there is no substantial non-infringing use of these components
for temperature-based refresh rate adjustment.

51.  Polaris has suffered damages as a result of Kingston’s infringement of
the 057 Patent.

52.  Kingston’s infringement of the 057 Patent has been and continues to
be willful, deliberate, and in disregard of Polaris’s patent rights. At least as of
February 1, 2016, when Polaris placed Kingston on notice of infringement of the
057 Patent and identified Kingston’s infringing products, Kingston has had actual
knowledge of infringement of the 057 Patent and has proceeded to infringe the 057
Patent with full and complete knowledge of that patent and its applicability to

Kingston’s products without taking a license under the 057 Patent. Despite
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knowledge of the 057 Patent, Kingston has acted and is acting despite an
objectively high likelihood that its actions constitute patent infringement. This
objective risk was and is known to Kingston, and is also so obvious that it should
have been known to Kingston. Such willful and deliberate conduct entitles Polaris
to increased damages under 35 U.S.C. § 284 and to attorneys’ fees and costs
incurred in prosecuting this action under 35 U.S.C. § 285.
COUNT II1:
INFRINGEMENT OF U.S. PATENT NO. 6,850,414

53.  Polaris incorporates and realleges paragraphs 1-20 above as if fully set
forth herein.

54.  On information and belief, Kingston has willfully infringed and
continues to willfully infringe one or more claims of the 414 Patent, including, but
not limited to, Claims 1, 4, and 8, pursuant to 35 U.S.C. § 271(a), literally or under
the doctrine of equivalents, by making, using, selling, and/or offering to sell in the
United States without authority and/or importing into the United States without
authority, memory products, devices, systems, and/or components of systems that
include the claimed arrangements and configurations of the memory chips (the
“414 Patent Infringing Products”), including, for example, Kingston’s memory
module products with model number KVR16R11D4/16.

55. By way of example, the front and back views of a representative 414
Patent Infringing Product (KVR16R11D4/16) that uses the claimed arrangement

and configuration of the memory chips are shown in the image below.
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9563 Pl P3- 128008 - 11-13-E2
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Back
56. The schematic diagram of this representative 414 Infringing Product
(KVR16R11D4/16) is reproduced from publicly available Kingston documentation

and annotated below for illustration.
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See KVR16R11D4/16 Datasheet at 2 (annotations added).

57.  Specifically, the 414 Patent Infringing Products, such as
KVR16R11D4/16, are memory modules having at least nine identical
semiconductor memories (shown in red in the diagram above) that are

encapsulated in rectangular housing with a shorter dimension and a longer
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dimension, each of which are individually connected to an electronic printed
circuit board, the front and back sides of which are illustrated above. The
electronic printed circuit board has a contact strip (one example shown in the
yellow box in the diagram above) for insertion into another electronic unit. One of
the semiconductor memories is connected as an error correction chip (shown in
blue above in the diagram above) with its housing being oriented perpendicular to
the contact strip, while the longer dimensions of eight other semiconductor
memories are oriented parallel with the contact strip. See KVR16R11D4/16
Datasheet at 2.

58.  In addition, one or more of the 414 Patent Infringing Products has a
height of 1 to 1.2 inches perpendicular to said contact strip. See id.

59.  Further, one or more of the 414 Patent Infringing Products has a width
of 5.25 inches. See id.

60. On information and belief, Kingston has induced and continues to
induce infringement of one or more claims of the 414 Patent, including, but not
limited to, Claims 1, 4, and 8, pursuant to 35 U.S.C. § 271(b) by inducing its
customers and other third parties to use without authorization the infringing
products that use the claimed arrangement and configuration of the memory chips,
including but not limited to the 414 Patent Infringing Products. The use, without
authorization, of the infringing products that comprise the claimed arrangement
and configuration of the memory chips constitutes infringement, literally or under
the doctrine of equivalents, of one or more claims of the 414 Patent by such
customers or third parties. Kingston’s acts of inducement include: providing its
customers with the 414 Patent Infringing Products and intending its customers to
use the 414 Infringing Products with hardware, software and other infrastructure
that enable and/or make use of these products; advertising these products through
its own and third-party websites (for example,

http://www.kingston.com/us/memory/search/MemoryType/Default.aspx?Memory
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Type=DIMM,3.,); encouraging customers and other third parties to communicate

directly with Kingston representatives about these products (for example, through
the “Ask an Expert” feature on its website); and providing instructions on how to
use these products. For example, Kingston’s documentation accompanying the
representative 414 Patent Infringing Product provides the users with instructions
on how to install the product in a computer system and enables the users to use the
product. See Ex. 7, Kingston Technology Warranty and Installation Guide, Doc.
4402092-001.D00; see also, KVR16R11D4/16 Datasheet.

61. Kingston proceeded in this manner despite its actual knowledge of the
414 Patent and its knowledge that the specific actions it actively induced on the
part of its customers and other third parties constitute infringement of the 414
Patent at least as of February 1, 2016 when Polaris placed Kingston on notice of
infringement of the 414 Patent and identified Kingston’s infringing products. At
the very least, because Kingston has been and remains on notice of the 414 Patent
and the accused infringement, it has been and remains willfully blind regarding the
infringement it has induced and continues to induce.

62. Polaris has suffered damages as a result of Kingston’s infringement of
the 414 Patent.

63. Kingston’s infringement has been and continues to be willful,
deliberate and in disregard of Polaris’s patent rights. At least as of February 1,
2016, when Polaris placed Kingston on notice of infringement of the 414 Patent
and identified Kingston’s infringing products, Kingston has had actual knowledge
of infringement of the 414 Patent and has proceeded to infringe the 414 Patent with
full and complete knowledge ofthat patent and its applicability to Kingston
products without taking a license under the 414 Patent. Despite knowledge of the
414 Patent, Kingston has acted and is acting despite an objectively high likelihood
that its actions constitute patent infringement. This objective risk was and is known

to Kingston, and is also so obvious that it should have been known to Kingston.
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Such willful and deliberate conduct entitles Polaris to increased damages under 35
U.S.C. § 284 and to attorneys’ fees and costs incurred in prosecuting this action
under 35 U.S.C. § 285.
COUNT1V:
INFRINGEMENT OF U.S. PATENT NO. 7,206,978

64. Polaris incorporates and realleges paragraphs 1-20 above as if fully set
forth herein.

65. On information and belief, Kingston has willfully infringed and
continues to willfully infringe one or more claims of the 978 Patent, including, but
not limited to, Claims 1, 2, 3, 5, 10, 11, and 12, pursuant to 35 U.S.C. § 271(a),
literally or under the doctrine of equivalents, by making, using, selling, and/or
offering to sell in the United States and/or importing into the United States without
authority, claimed memory module products, devices, systems, and/or components
of systems (the “978 Patent Infringing Products”), including, for example,
Kingston’s memory module products with model number KVR21R15D4/16.

66. By way of example, the front and back views of a representative 978

Patent Infringing Product (KVR21R15D4/16) are shown in the image below.

~ Front
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67. The 978 Patent Infringing Products, such as KVR21R15D4/16, are
circuit modules comprising a module board, the front and back sides of which are
shown above. A plurality of circuit units, each consisting of a single integrated
circuit memory chip, is arranged on the module board (in the above example, 36
integrated memory chips are arranged on the module board). See, e.g., Kingston
KVR21R15D4/16 16GB 2Rx4 2G x 72-Bit PC4-2133 CL15 Registered w/Parity
288-Pin DIMM Specification, Doc. No. VALUERAM1447-001.C00 (Feb. 24,
2015) (“KVR21R15D4/16 Datasheet”) at 1, available at
http://www.kingston.com/dataSheets/KVR21R15D4 16.pdf (last visited February

3, 2016). Further, on information and belief, the 978 Patent Infringing Products
comprise a main bus having a plurality of lines, branching into a plurality of sub-
buses having a plurality of lines, each of the sub-buses being connected to one of
the plurality of the circuit units. Further, upon information and belief, each circuit
unit (in the example above, each dynamic random access memory, or “DRAM,”
chip) in the 978 Patent Infringing Products comprises an indication signal
generating unit for providing an indication signal based on a combination of the
signals received on the plurality of lines of the sub-bus connected to the respective
circuit unit (in the example above, each memory chip combines the PAR
(command and address parity) input signal with the command and address input
signals to determine whether there is an error and generate the appropriate
indication signal). See, e.g., KVR21R15D4/16 Datasheet at 1 (“CA parity
(Command/Address Parity) mode is supported”). Each circuit unit also comprises
an indication signal output for outputting the indication signal (in the example
above, the ALERT n pin on each memory chip).

68. In addition, one or more 978 Patent Infringing Products comprise
means for providing a check signal to each of the circuit units, the structure of
which is the same as or equivalent to that disclosed in the patent specification (in

the example above, the PAR (command and address parity) input on each dynamic
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random access memory chip). See, e.g., KVR21R15D4/16 Datasheet at 1 (“CA
parity (Command/Address Parity) mode is supported”). Upon information and
belief, this indication signal generating unit generates said indication signal based
on a combination of the signals on the plurality of lines of the respective sub-bus
and the check signal so that the indication signal represents an error signal (in the
example above, each memory chip combines the PAR input signal with the
command and address input signals to determine whether there is an error and
generate the appropriate indication signal).

69. In addition, on information and belief, one or more 978 Patent
Infringing Products comprise an error reporting means, the structure of which is
the same as or equivalent to that disclosed in the patent specification, being
connected to the indication signal outputs of the circuit units, and wherein each
error reporting means is configured to drive a module error out signal (in the
example above, the ALERT n outputs are connected to each other by traces on the
printed circuit board, and buffered by a register, they drive the ALERT n signal
for the entire module). See, e.g., KVR21R15D4/16 Datasheet at 1 (“CA parity
(Command/Address Parity) mode is supported”).

70. In addition, on information and belief, one or more 978 Patent
Infringing Products comprise an indication reporting means, the structure of which
is the same as or equivalent to that disclosed in the patent specification, being
connected to the indication signal outputs of the circuit units and wherein each
indication reporting means is configured to drive a module indication out signal (in
the example above, the ALERT n outputs are connected to each other by traces on
the printed circuit board, and buffered by a register, they drive the ALERT n
signal for the entire module).

71. In addition, on information and belief, one or more 978 Patent
Infringing Products comprise a DIMM, wherein the circuit units are memory units,

wherein the main bus is a memory main bus, and the sub-busses are memory sub-
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buses (in the example above, the module is a DIMM, the circuit units are DRAM
memory chips and the traces providing address and command signals to the
memory chips form a memory main bus and memory sub-buses). See, e.g.,
KVR21R15D4/16 Datasheet at 1.

72. In addition, on information and belief, one or more 978 Patent
Infringing Products comprise a main bus that is a command/address bus (in the
example above, the traces providing address and command signals to the dynamic
random access memory chips form a memory main bus and memory sub-buses).

73. In addition, on information and belief, one or more 978 Patent
Infringing Products comprise means for providing a check signal that is a parity
signal, the structure of which is the same as or equivalent to that disclosed in the
patent specification (in the example above, the PAR input on each dynamic
random access memory chip receives a parity signal from the module board).

74.  On information and belief, Kingston has induced and continues to
induce infringement of one or more claims of the 978 Patent, including, but not
limited to, Claims 1, 2, 3, 5, 10, 11, and 12, pursuant to 35 U.S.C. § 271(b) by
inducing its customers and other third parties to use without authorization the
infringing products comprising the claimed arrangement of circuit units, including
but not limited to the 978 Patent Infringing Products. This use, without
authorization, of the infringing products comprising the claimed arrangement of
circuit units constitutes infringement, literally or under the doctrine of equivalents,
of one or more claims of the 978 Patent by such customers or third parties.
Kingston’s acts of inducement include: providing its customers with the 978 Patent
Infringing Products and intending its customers to use the 978 Infringing Products
with hardware, software, and other infrastructure that enable and/or make use of
these products; advertising these products through its own and third-party websites

(for example, http://www.kingston.com/us/memory/search/MemoryType/De

fault.aspx?MemoryType=DIMM,3,,); encouraging customers and other third
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parties to communicate directly with Kingston representatives about these products
(for example, through the “Ask an Expert” feature on its website); and providing
instructions on how to use these products. For example, Kingston’s documentation
accompanying the representative 978 Patent Infringing Product provides the users
with instructions on how to install the product in a computer system and enables
the users to use the product. See Ex. 7, Kingston Technology Warranty and
Installation Guide, Doc. 4402092-001.D00; see also, KVR21R15D4/16 Datasheet.

75.  Kingston proceeded in this manner despite its actual knowledge of the
978 Patent and its knowledge that the specific actions it actively induced on the
part of its customers and other third parties constitute infringement of the 978
Patent at least as of February 1, 2016, when Polaris placed Kingston on notice of
infringement of the 978 Patent and identified Kingston’s infringing products. At
the very least, because Kingston has been and remains on notice of the 978 Patent
and the accused infringement, it has been and remains willfully blind regarding the
infringement it has induced and continues to induce.

76.  Polaris has suffered damages as a result of Kingston’s infringement of
the 978 Patent.

77.  Kingston’s infringement of the 978 Patent has been and continues to
be willful, deliberate, and in disregard of Polaris’s patent rights. At least as of
February 1, 2016, when Polaris placed Kingston on notice of infringement of the
978 Patent and identified Kingston’s infringing products, Kingston has had actual
knowledge of infringement of the 978 Patent and has proceeded to infringe the 978
Patent with full and complete knowledge of that patent and its applicability to
Kingston’s products without taking a license under the 978 Patent. Despite
knowledge of the 978 Patent, Kingston has acted and is acting despite an
objectively high likelihood that its actions constitute patent infringement. This
objective risk was and is known to Kingston, and is also so obvious that it should

have been known to Kingston. Such willful and deliberate conduct entitles Polaris
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to increased damages under 35 U.S.C. § 284 and to attorneys’ fees and costs
incurred in prosecuting this action under 35 U.S.C. § 285.
COUNT V:
INFRINGEMENT OF U.S. PATENT NO. 7,315,454

78.  Polaris incorporates and realleges paragraphs 1-20 above as if fully set
forth herein.

79.  On information and belief, Kingston has willfully infringed and
continues to willfully infringe one or more claims of the 454 Patent, including, but
not limited to, Claims 1, 2, 3, 4, and 7, pursuant to 35 U.S.C. § 271(a), literally or
under the doctrine of equivalents, by making, using, selling, and/or offering to sell
in the United States and/or importing into the United States without authority,
memory module products, devices, systems, and/or components of systems that
include the claimed arrangements and configurations of the memory chips (the
“454 Patent Infringing Products”), including, for example, Kingston’s memory
module products with model number KVR16R11D4/16.

80. By way of example, the front and back views of a representative 454
Patent Infringing Product (KVR16R11D4/16) that uses the claimed arrangement

and configuration of the memory chips are shown in the image below.
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81. The schematic diagram of this representative 454 Patent Infringing
Product (KVR16R11D4/16) is reproduced from publicly available Kingston

documentation and annotated below for illustration.
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See KVR16R11D4/16 Datasheet at 2 (annotations added). Specifically, the 454
Patent Infringing Products, such as KVR16R11D4/16, are semiconductor memory

modules comprising an electronic printed circuit board, the front and back sides of
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which are illustrated above. The electronic printed circuit board has a contact strip
(one example shown in the yellow box) that extends at a first edge (for example,
the bottom edge) of the printed circuit board along with a first lateral direction and
a plurality of electrical contacts (a few shown in the green box as examples)
disposed along the first lateral direction between two second edges (left and right
edges) that extend in a second lateral direction that is perpendicular to the first
lateral direction. The 454 Patent Infringing Products further comprise a plurality of
semiconductor memory chips (two exemplary chips are shown in the red boxes) of
substantially identical type, such as “DDR3-1600 CL11 SDRAM” in
KVRI16R11D4/16, see KVR16R11D4/16 Datasheet at 1, mounted on at least one
external area (the front and/or back sides) of the printed circuit board and having a
rectangular form with a shorter dimension and a longer dimension in a direction
perpendicular to the shorter dimension. The memory chips are arranged in at least
two rows, each row (one exemplary row shown in blue box) extending in the first
lateral direction between a center of the printed circuit board and the left or right
edge, wherein the memory chips in each row are arranged in an alternating
sequence of opposite orientation with the longer dimension of each memory chip
being parallel with the shorter dimension of adjacent memory chips in the same
row. The memory chips aligned in the second lateral direction and lying in
respective adjacent rows (one group of such chips shown in the purple box) have
opposite orientations.

82.  In addition, one or more 454 Patent Infringing Products include four
semiconductor memory chips (one example shown in the blue box) that are
mounted in a row on one external area (such as the front side) of the printed circuit
board.

83.  Further, one or more 454 Patent Infringing Products include nine
chips (one example shown in the grey box) that are distributed between two rows

arranged in a manner lying one adjacent to another in the second lateral direction.
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84.  Further, on information and belief, one or more 454 Patent Infringing
Products comprise a branching separate line bus comprising a first branch and a
second branch, wherein the memory chips mounted on the external area (the front
and/or back sides) between the center and the respective second edge (left or right
edge) of the printed circuit are connected by the branching separate line bus, such
that the memory chips of a first row are connected in series via line tracks of the
first branch and the memory chips of a second row are connected in a series via
line tracks of the second branch of the branch separate line bus, or the 454 Patent
Infringing Products comprise the equivalent.

85.  Further, the 454 Patent Infringing Products are standardized memory
modules in compliance with a JEDEC standard. See, e.g., KVR16R11D4/16
Datasheet at 1.

86. On information and belief, Kingston has induced and continues to
induce infringement of one or more claims of the 454 Patent, including, but not
limited to, Claims 1, 2, 3, 4, and 7, pursuant to 35 U.S.C. § 271(b) by inducing its
customers and other third parties to use without authorization the infringing
products comprising the claimed arrangements and configurations of the memory
chips, including but not limited to the 454 Patent Infringing Products. This use,
without authorization, of the infringing products comprising the claimed
arrangements and configurations of the memory chips constitutes infringement,
literally or under the doctrine of equivalents, of one or more claims of the 454
Patent by such customers or third parties. Kingston’s acts of inducement include:
providing its customers with the 454 Patent Infringing Products and intending its
customers to use the 454 Infringing Products with hardware, software, and other
infrastructure that enable and/or make use of these products; advertising these
products through its own and third-party websites (for example,

http://www.kingston.com/us/memory/search/MemoryType/Default.aspx?Memory

Type=DIMM,3,,); encouraging customers and other third parties to communicate
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directly with Kingston representatives about these products (for example, through
the “Ask an Expert” feature on its website); and providing instructions on how to
use these products. For example, Kingston’s documentation accompanying the
representative 454 Patent Infringing Product provides the users with instructions
on how to install the product in a computer system and enables the users to use the
product. See Ex. 7, Kingston Technology Warranty and Installation Guide, Doc.
4402092-001.D00; see also, KVR16R11D4/16 Datasheet.

87.  Kingston proceeded in this manner despite its actual knowledge of the
454 Patent and its knowledge that the specific actions it actively induced on the
part of its customers and other third parties constitute infringement of the 454
Patent at least as of February 1, 2016, when Polaris placed Kingston on notice of
infringement of the 454 Patent and identified infringing Kingston’s products. At
the very least, because Kingston has been and remains on notice of the 454 Patent
and the accused infringement, it has been and remains willfully blind regarding the
infringement it has induced and continues to induce.

88.  Polaris has suffered damages as a result of Kingston’s infringement of
the 454 Patent.

89. Kingston’s infringement of the 454 Patent has been and continues to
be willful, deliberate, and in disregard of Polaris’s patent rights. At least as of
February 1, 2016, when Polaris placed Kingston on notice of infringement of the
454 Patent and identified Kingston’s infringing products, Kingston has had actual
knowledge of infringement of the 454 Patent and has proceeded to infringe the 454
Patent with full and complete knowledge of that patent and its applicability to
Kingston’s products without taking a license under the 454 Patent. Despite
knowledge of the 454 Patent, Kingston has acted and is acting despite an
objectively high likelihood that its actions constitute patent infringement. This
objective risk was and is known to Kingston, and is also so obvious that it should

have been known to Kingston. Such willful and deliberate conduct entitles Polaris
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to increased damages under 35 U.S.C. § 284 and to attorneys’ fees and costs
incurred in prosecuting this action under 35 U.S.C. § 285.
COUNT VI:
INFRINGEMENT OF U.S. PATENT NO. 7,334,150

90. Polaris incorporates and realleges paragraphs 1-20 above as if fully set
forth herein.

91. On information and belief, Kingston has willfully infringed and
continues to willfully infringe one or more claims of the 150 Patent, including, but
not limited to, Claims 1, 2, 3, 5, 6, 8,9, 10, and 11, pursuant to 35 U.S.C. § 271(a),
literally or under the doctrine of equivalents, by making, using, selling, and/or
offering to sell in the United States and/or importing into the United States without
authority, memory module products, devices, systems, and/or components of
systems that included the claimed clock signal regeneration circuit and register
circuit (the “150 Patent Infringing Products”), including without limitation,
Kingston’s memory module product with model number KVR13LR9D4/16.

92. By way of example, the front and back views of a representative 150

Patent Infringing Product (KVR13LR9D4/16) are shown in the image below.

Inphi

INSSTE32882XV-
memory chjps GS02 registering Front
clock driver

Back
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93.  Specifically, the 150 Patent Infringing Products, such as
KVRI13LR9D4/16, comprise a plurality of memory chips arranged on the memory
module. On information and belief, the 150 Patent Infringing Products, such as
KVRI13LR9D4/16, comprise a plurality of bus signal lines operable to supply an
incoming clock signal (for example, clock signals CKO t, CKO c) and incoming
command and address signal (for example, address signals A[N:0]) to at least the
memory chips. On information and belief, the 150 Patent Infringing Products
further comprise a clock signal regeneration circuit (for example, a standard SSTE
32882 registering clock driver) configured to generate a plurality of copies of the
incoming clock signal (for example, PCKOA t, PCKOB t, PCK 0A ¢, PCK 0B c¢)
and to supply the copies of the incoming clock signal to the memory chip, where
the copies of the incoming clock signal have the same frequency as the incoming
clock signal. On information and belief, the 150 Patent Infringing Products further
comprise a register circuit arranged on the memory module in a common chip
packaging with the clock regeneration circuit. See, e.g., Kingston Value RAM
Memory Module Specifications, Doc. No. VALUERAM1223-001.B00 (Jan. 22,
2013) (“KVRI13LR9D4/16 Datasheet™) at 2 (the register and the clock driver are
within the same chip), available at

http://www.kingston.com/dataSheets/KVR13LR9D4 16.pdf (last visited February

3, 2016) (annotations added). For example, the representative 150 Patent Infringing
Product KVRI13LR9D4/16, comprises an Inphi INSSTE32882XV-GS02
registering clock driver chip (as annotated in the product image above), that
includes both the clock regeneration circuit and the register circuit. See
INSSTE32882XV datasheet (“Inphi Datasheet™), available at
http://www.inphi.com/product_pdf generator.php?prod link=960 (last visited
December 21, 2015). On information and belief, the register circuit in the 150
Infringing Products is configured to receive one of the copies of the incoming

clock signal from the clock regeneration circuit. On information and belief, the

COMPLAINT FOR PATENT INFRINGEMENT
32

33




O 0 3 O W B~ W N =

N N NN N N N N N o m e e e e e e
o0 I N U A WD = O O NN DN WD =R O

Case 8:16-cv-00300 Document 1 Filed 02/19/16 Page 34 of 38 Page ID #:34

register circuit in the 150 Infringing Products is further configured to temporarily
store the incoming command and address signals, and to generate a plurality of
copies of the incoming command and address signals and to supply the copies of
the incoming command and address signals to the memory chip, where the copies
of the incoming command and address signals have the same frequency as the
incoming command and address signals.

94. The clock signal regeneration circuit in the 150 Patent Infringing
Product comprises a phase locked loop (PLL) circuit. See, e.g., KVRI3LR9D4/16
Datasheet at 1 (“Register/PLL used”).

95.  On information and belief, the incoming clock signal and the copies of
incoming clock signals in the 150 Patent Infringing Products are each supplied via
differential clock signal lines.

96. In addition, in the 150 Patent Infringing Products, the clock signal
regeneration circuit and the register circuit are integrated on a common chip in the
common chip packaging. See, e.g., KVR13LR9D4/16 Datasheet at 2.

97.  Further, the common chip packaging is arranged essentially at a
central position on the exemplary 150 Patent Infringing Product
(KVR13LR9D4/16) or is arranged equivalently. See, e.g., KVRI13LR9D4/16
Datasheet at 2.

98. On information and belief, the 150 Patent Infringing Products
comprise a fly-by bus structure for the bus signal lines of the command and
address signals or the equivalent. See John Nieto, The Evolution from DDR2 to
DDR3  and its  Impact on  Signal  Integrity, available  at
https://www.inphi.com/technology-overview/Evolution%200f%20DDR2%20
t0%20DDR3.pdf (last visited December 21, 2015).

99.  On information and belief, the clock signal regeneration circuit and
the register circuit in the 150 Patent Infringing Products respectively generate two

copies of the clock signal and the command signals for distribution to the memory

COMPLAINT FOR PATENT INFRINGEMENT
33

34




O 0 3 O W B~ W N =

N N NN N N N N N o m e e e e e e
o0 I N U A WD = O O NN DN WD =R O

Case 8:16-cv-00300 Document 1 Filed 02/19/16 Page 35 of 38 Page ID #:35

chips.

100. On information and belief, one or more of the 150 Patent Infringing
Products further comprise an RDIMM module. See, e.g., KVR13LR9D4/16
Datasheet at 1 (“Registered w/Parity 240-Pin DIMM”).

101. The 150 Patent Infringing Products further comprise DDR-DRAM
memories. See, e.g., KVRI3LR9D4/16 Datasheet at 1 (“DDR3L-1333 CL9
SDRAM”).

102. On information and belief, Kingston has induced and continues to
induce infringement of one or more claims of the 150 Patent, including, but not
limited to, Claims 1, 2, 3,5, 6, 8, 9, 10, and 11, pursuant to 35 U.S.C. § 271(b) by
inducing its customers and other third parties to use without authorization the
infringing products comprising the claimed clock signal regeneration circuit and
register circuit, including but not limited to the 150 Patent Infringing Products.
This use, without authorization, of the infringing products comprising the claimed
arrangements and configurations of the memory chips constitutes infringement,
literally or under the doctrine of equivalents, of one or more claims of the 150
Patent by such customers or third parties. Kingston’s acts of inducement include:
providing its customers with the 150 Patent Infringing Products and intending its
customers to use the 150 Infringing Products with hardware, software and other
infrastructure that enable and/or make use of these products; advertising these
products through its own and third-party websites (for example,

http://www.kingston.com/us/memory/search/MemoryType/Default.aspx?Memory

Type=DIMM,3.,); encouraging customers and other third parties to communicate

directly with Kingston representatives about these products (for example, through
the “Ask an Expert” feature on its website); and providing instructions on how to
use these products. For example, Kingston’s documentation accompanying the
representative 150 Patent Infringing Product provides the users with instructions

on how to install the product in a computer system and enables the users to use the

COMPLAINT FOR PATENT INFRINGEMENT
34

35




O 0 3 O W B~ W N =

N N NN N N N N N o m e e e e e e
o0 I N U A WD = O O NN DN WD =R O

Case 8:16-cv-00300 Document 1 Filed 02/19/16 Page 36 of 38 Page ID #:36

product. See Ex. 7, Kingston Technology Warranty and Installation Guide, Doc.
4402092-001.D00; see also, KVR13LR9D4/16 Datasheet.

103. Kingston proceeded in this manner despite its actual knowledge of the
150 Patent and its knowledge that the specific actions it actively induced on the
part of its customers and other third parties constitute infringement of the 150
Patent at least as of February 1, 2016, when Polaris placed Kingston on notice of
infringement of the 150 Patent and identified infringing Kingston’s products. At
the very least, because Kingston has been and remains on notice of the 150 Patent
and the accused infringement, it has been and remains willfully blind regarding the
infringement it has induced and continues to induce.

104. Polaris has suffered damages as a result of Kingston’s infringement of
the 150 Patent.

105. Kingston’s infringement of the 150 Patent has been and continues to
be willful, deliberate and in disregard of Polaris’s patent rights. At least as of
February 1, 2016, when Polaris placed Kingston on notice of infringement of the
150 Patent and identified Kingston’s infringing products, Kingston has had actual
knowledge of infringement of the 150 Patent and has proceeded to infringe the 150
Patent with full and complete knowledge of that patent and its applicability to
Kingston’s products without taking a license under the 150 Patent. Despite
knowledge of the 150 Patent, Kingston has acted and is acting despite an
objectively high likelihood that its actions constitute patent infringement. This
objective risk was and is known to Kingston, and is also so obvious that it should
have been known to Kingston. Such willful and deliberate conduct entitles Polaris
to increased damages under 35 U.S.C. § 284 and to attorneys’ fees and costs
incurred in prosecuting this action under 35 U.S.C. § 285.

PRAYER FOR RELIEF

106. Polaris respectfully prays for relief as follows:

107. A judgment that Kingston has infringed and continues to infringe one
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or more claims of the Asserted Patents;

108. A judgment that Kingston has willfully infringed one or more claims
of the Asserted Patents;

109. A judgment awarding Polaris all damages adequate to compensate for
Kingston’s infringement, and in no event less than a reasonable royalty for
Kingston’s acts of infringement, including all pre-judgment and post-judgment
interest at the maximum rate allowed by law;

110. A judgment awarding Polaris treble damages pursuant to 35 U.S.C. §
284 as a result of Kingston’s willful conduct;

111. A judgment and order finding that this is an exceptional case within
the meaning of 35 U.S.C. § 285 and awarding Polaris its reasonable attorneys fees
and costs; and

112. A judgment awarding Polaris such other relief as the Court may deem
just and equitable.

DEMAND FOR JURY TRIAL
113. Pursuant to Rule 38(b) of the Federal Rules of Civil Procedure,

Polaris demands a trial by jury in this action.

Dated: February 19, 2016 Respectfully submitted,

TENSEGRITY LAW GROUP LLP

By: /s/ Matthew D. Powers

MATTHEW D. POWERS (Bar No. 104795)
matthew.powers@tensegritylawgroup.com
STEVEN CHERENSKY (Bar No. 168275)
steven.cherensky(@tensegritylawgroup.com
AZRA M. HADZIMEHMEDOVIC (Bar
No. 239088)

azra(@tensegritylawgroup.com
TENSEGRITY LAW GROUP, LLP

555 Twin Dolphin Drive, Suite 650
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1

DYNAMIC SEMICONDUCTOR MEMORY
DEVICE AND METHOD FOR INITIALIZING
A DYNAMIC SEMICONDUCTOR MEMORY

DEVICE

BACKGROUND OF THE INVENTION

Field of the Invention

The invention relates to a dynamic semiconductor
memory device of the random access type (DRAM/

2

with the POWERON signal. The signal POWERON is
active if the internal supply voltages have reached the
necessary values that are necessary for the proper operation
of the component. The module is then in a position to
recognize and execute instructions.

SUMMARY OF THE INVENTION

It is accordingly an object of the invention to provide a
dynamic semiconductor memory device and a method for
initializing a dynamic semiconductor memory device which

SDRAM) having an initialization circuit which controls a 10 overcome the e entioneq disadyantages of ths prior
switching-on operation of the semiconductor memory art cilinds and deviees 6F this, generd typs, which. is, as
device and of its circuit ¢ ts. The initializati simple as pos§1b1e in structu;al terms and whlgh effectively
evice and ol dls cireuil components. Ahe IMMauzalion — ,reyents the risk of a short circuit of the data lines and/or of
circuit supplies a supply voltage stable signal (POWERON)  yncontrolled activation of internal current loads.
0n§teh2} supplyf Vhollage .hasd been S[ablhze‘é after %Ee 15 With the foregoing and other objects in view there is
switching-on ol the semiconductor memory device. The  rovided, in accordance with the invention, a dynamic
invention alsg relates to a method ¥0r initializing such a semiconductor memory device of a random access type,
dynamic semlcopdu.ctor memory (.:leV1ce, and also to the use containing an initialization circuit controlling a switching-
of an enable circuit, that supplies an enable signal, for on operation and supplying a supply voltage stable signal
controlling the switching-on operation of the dynamic semi- 53 once a supply voltage has been stabilized after the
conductor memory device. switching-on operation. The initialization circuit has a con-
In the case of SDRAM semiconductor memories accord- trol circuit for controlling operations and an enable circuit
ing to the JEDEC standard, it is necessary to ensure during receiving the supply VOlt?}gc stable signal af{d e}ilernally
the switch-on operation (‘POWERUP”) that the internal applied further command signals. The enable circuit output-
control circuits provided for the proper operation of the 25 ting an enable signal after a predeterrpmed proper initial-
semiconductor memory device are reliably held in a defined Izallon;sequence (.’f the externally app he‘? further con?mand
desired state, in order to prevent undesirable activation of 51g1nill;.are lfdfhmlﬁed[ Mfd.[hg [enable signal effecting an
output transistors that would cause, on the data lines, a short unfate 1'ng N . ¢ con r.o c1r§u1 ST N
circuit (so-called “bus contention” or “data contention™) ot The invention -proyldes .tor the .1r11t1ahzal10r1 circuit to
uncontrolled activation of internal current loads. The solu- 30 have an enable circuit, which receives the supply voltage
tion to the problem turns out to be difficult on account of a SFablc signal and the, exl'crnally applied further 'Command
fundamental unpredictability of the time characteristic of the siena Is; The e9able Gl generales the enabl§ S_1gn2}l after
supply voltage and of the voltage level or levels at the the identification of the predetermined proper initialization
external control inputs during the switch-on operation of the sequence of the commanfl Slg?als 1 aCh]eV?d‘ The enflble
semiconductor memory. According to the specifications of 3s signal effects the unlatc.:hmg of the conFrol circuit provided
the manufacturer an SDRAM component should ignore all for .the proper operation of the semiconductor memory
commands which are present chronologically before a device. X L. X X .
defined initialization sequence. The sequence consists of Following the principle of the invention, the enable signal
predetermined commands that must be applied in a defined ~ (CHIPREADY) is generated and becomes active in depen-
chronological order. However, a series of functions and 40 dence on further internal signals and the initialization
commands which are allowed during proper operation of the ~ seduence and then unlatches predetermined circuits. The
component are desired or allowed chronologically only after ~ Predetermined circuits remain latched until the end of the
the initialization sequence. According to the JEDEC stan-  Predetermined initialization sequence. By way of example,
dard for SDRAM semiconductor memories, a recommended ~ commands are decoded but not executed and the output
initialization sequence (so-called “POWERON- 45 drivers are held at high impedance.
SEQUENCE”) is provided as follows: According to the preferred application in SDRAM
a. the application of a supply voltage and a start pulse in memory devices according to the JEDEC stande.lrd, it is
order to maintain an NOP condition at the inputs of the provided that the command signals, externally applied to the
component; semiconductor memory device, of the initialization
s e mainlcl,lance of 2 stable supply voltace of a stable 0 Scduence are to be identified by the enable circuit. The
) clock sienal. and of stable N nglg uf co% ditions for a command signals include a preparation command signal for
Dek signa, iod of 200 us: P word line activation (PRECHARGE), and/or a refresh com-
Hulnum t1rn'c PEEOCTO 53 ) o mand signal (AUTOREFRESH), and/or a loading configu-
c. the preparation command for word line activation  ration register command signal (MODE-REGISTER-SET).
(PRECHARGE) for all the memory banks of the . According to an advantageous structural refinement of the
device; initialization circuit according to the invention, it is provided
4. the activation of eight or more refresh commands that the enable circuit has at least one bistable multivibrator
(AUTOREFRESH); and stage with a set input which receives the command signal
5. the activation of a loading configuration register com- ~ (PRECHARGE, AUTOREFRESH, MODE-REGISTER-
mand (MODE-REGISTER-SET) for initializing the 6o SET). The bistable multivibrator also has a reset input to
mode register. which the supply voltage stable signal (POWERON), a
After the identification of such a defined initialization ~ signal derived therefrom, or a linked signal is applied. The
sequence, the memory module is normally in a so-called bistable multivibrator further has an output at which the
IDLE state, that is to say it is precharged and prepared for ~ enable signal (CHIPREADY) is outputted.
proper operation. In the case of the SDRAM semiconductor 65  In particular, the enable circuit has a plurality of bistable

memory modules that have been disclosed to date, all the
control circuits of the component have been unlatched only

multivibrator stages respectively receiving the command
signals.
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In an expedient refinement of the invention, it is provided
that the output of at least one of the bistable multivibrator
stages is passed to a reset input of a further multivibrator
stage. In this case, it may furthermore be provided that, in
one of the bistable multivibrator stages, the supply voltage
stable signal (POWERON) and the signal output from the
output of the further multivibrator stage are passed, after
having been logically combined by a gate, to the reset input
of the multivibrator stage.

4

and the structure of the circuits 1, 3 and 5 are sufficiently
known to the person skilled in the art and therefore do not
need to be explained in any more detail. What is important
for understanding the invention is the fact that the circuit 5
supplies an active POWERON signal if, after the POW-
ERUP phase of the SDRAM memory, the internal supply
voltages present at the output 8 have reached the values
necessary for proper operation of the component.
According to the invention, the initialization circuit fur-
thermore has an enable circuit 9 connected downstream of

Other features which are considered as characteristic for 10 i g
the invention are set forth in the appended claims. e cirenits @ ?nd B Th'e command sipnals PRE’ A.RF and
; o X . MRS are applied to an input 10 of the enable circuit 9 and
Although the nvention is 111us}raled and described here_:m the POWERON signal is applied to an input 11 of the enable
as embodied in a dynamic semiconductor memory device  ¢jreujt 9. An enable signal CHIPREADY is supplied at an
and a methgd f.or' initializing a dynamic semlconfluqor 15 output 12 of the enable circuit 9 after the identification of a
memory device, it is nevertheless not intended to be limited ™ e determined proper initialization sequence of the com-
to the details shown, since various modifications and struc- mand signals applied to the semiconductor memory device
tural thmges may be made therein without departing from is achieved. The enable signal effects unlatching of control
the spirit of the invention and within the scope and range of  ¢jrenits 13 provided for proper operation of the semicon-
equivalents of the claims. 5o ductor memory device. The internal control circuits 13 serve
The construction and method of operation of the inter alia for sequence control for one or more of the
invention, however, together with additional objects and memory blocks of the SDRAM memory and are known as
advantages thereof will be best understood from the follow- such.
ing description of specific embodiments when read in con- FIG. 2 shows a preferred exemplary embodiment of the
nection with the accompanying drawings. 55 enable circuit 9 according to the invention. The enable
e e - circuit 9 contains three bistable multivibrator stages 14, 15
BRIEF DESCRIPTION OF THE DRAWINGS and 16 each having a set input S, a reset input R, and also
FIG. 1 is a diagrammatic, block diagram of components 0 output Q. An AND gate 17 connected upstream of the
of an initialization circuit which controls a switching-on ~ reset input R of the multivibrator stage 15 and an AND gate
operation of a semiconductor memory and its circuit com- 30 18 connccted downstream of all the outputs Q of the
ponents according to the invention; mulmnbr.ator~ stages 14, 15, 16 are further provided. The
FIG. 2 is circuit diagram of an enable circuit that supplies enable circuit further has an inverter 1.9 connected fiown—
an enable signal (CHIPREADY); stream of the AND gate 18. The enable s.1gna1 CHIPREADY
.3 e e g i 1 D50 U 1l GO 12 o st 10 s
method of operation of the circuit according to FIG. 2; and activated when its voltage level is at logi,c HIGIL The
FIG. 4 is a circuit diagram of the enable circuit according command signals PRE, ARF, MRS applied to the respective
to an exemplary embodiment of the invention. set inputs S of the bistable multivibrator stages 14, 15, 16 are
each active LOW, that is to say these signals are active when
DESCRIPTION OF THE PREFERRED 40 their voltage level is at logic LOW, while the POWERON
EMBODIMENTS signal is again active HIGH. The POWERON signal is
In all the figures of the drawing, sub-features and integral applied directly to the reset inputs R in the case of the
parts that correspond to one another bear the same reference ~ multivibrator stages 14 and 16 and is firstly applied to one
symbol in each case. Referring now to the figures of the input of the AND gate 17 in the case of the multivibrator
drawing in detail and first, particularly, to FIG. 1 thereof, 45 stage 15, the signal output from the output Q of the multi-
there are shown circuit components, important for under- vibrator stage 14 is applied to the other input of the AND
standing the invention, of an SDRAM memory device  8ate 17, the output of the AND gate 17 is connected to the
operating according to the JEDEC standard. The circuit ~ reset input of the multivibrator stage 15.
components include an initialization circuit controlling a The method of operation of the enable circuit 9 illustrated
switching-on operation of the SDRAM memory device and 50 in FIG. 2 is such that activation of the enable signal
its circuit components. The initialization circuit has an input CHIPREADY at is the output 12 to logic HIGH is generated
circuit 1, to whose input 2 command and clock signals that only when a predetermined chronological initialization
are externally applied in reference to the semiconductor  sequence of the command signals PRE, ARF and MRS and
memory are provjded, The command and clock signals are activation of the POWERON signal to the logic level HIGH
amplified and conditioned before being received by a com- 55 are detected. Only then are the control circuits 13 unlatched
mand decoder 3 connected downstream of the input circuit on account of the activation of the enable signal
1 and at whose output 4, inter alia, the command sjgnals CHIPREADY; the control circuits 13 remaining latched
PRE or PRECHARGE (preparation command for word line prior to this.
activation), ARF or AUTOREFRESH (refresh command) In the schematic time sequence diagram according to FIG.
and MRS or MODE-REGISTER-SET (loading configura- 60 3, exemplary command sequences during the switching-on
tion register command) are output. The initialization circuit operation of the semiconductor memory device are illus-
further has a circuit 5 for internal voltage regulation and/or trated in order to elucidate the method of operation of the
detection, at whose input 6 the external supply voltages that enable circuit 9. In the case situation A, the signal PRE-
are externally applied to the semiconductor memory exter- CHARGE is activated to active LOW too early relative to
nally are fed in. The circuit 5 has a first output 7 outputting 65 the activation of the POWERON signal, with the result that,

a POWERON signal and a second output 8 supplying
stabilized internal supply voltages. The method of operation

the enable signal CHIPREADY is not yet activated to logic
HIGH since the proper initialization sequence requires a
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waiting time before the first command. The signal swing of
the command PRECHARGE according to case situation A is
thus correctly ignored. In case situation B, the chronological
order of the activation of the signal AUTOREFRESH to
logic LOW is incorrect since the proper initialization
sequence prescribes a previous PRECHARGE command
before the AUTOREFRESH command. The signal swing of
the AUTOREFRESH signal to logic LOW according to case
situation B is therefore likewise ignored, and the enable

6

6. The semiconductor memory device according to claim
4, including an AND gate receiving the supply voltage stable
signal and a signal output from said output of one of said
plurality of bistable multivibrator stages, said AND gate
outputting an output signal received at said reset input of
another of said plurality of bistable multivibrator stages.

7. The semiconductor memory device according to claim
4, wherein said plurality of bistable multivibrator stages are
each formed of an RS flip-flop constructed from one of at

signal does not go to .logic HIGH. In case situation C, a 10 least two NOR and at least two NAND gates.

conrest chronelogical wrder of fthe commands 8. The semiconductor memory device according to claim

PRECHARGE, AUTOREFRESH, MODE-REGISTER- ) . P L

SET is present conforming to the JEDEC standard. in a 1, wherein the identification of an initialization sequence
P g s o . A

logically consistent manner, since the POWERON signal is that is 1dent1ﬁe@ as the prefietermlned proper initialization

also at logic HIGH, an enable signal CHIPREADY at logic 15 S¢quence by. said enable circuit and generates th‘_: enable

HIGH is now supplied. Illustrated using dashed lines, signal constitutes a command sequence conforming to a

another further conceivable initialization sequence that is JEDEC standard.

allowed and therefore triggers an enable signal is repre- 9. The semiconductor memory device according to claim

sented by the symbol D; activation of the command MODE- 1, wherein said control circuit has output drivers remaining

REGISTER-SET to logic LOW is allowed at any time after 20 latched during the switching-on operation until said enable

the activation of the POWERON signal. signal is generated by said enable circuit.

FIG. 4 shows further details of a preferred exemplary 10. The semiconductor memory device according to claim
embodiment of the enable circuit 9 according to the inven- 1, wherein the predetermined proper initialization sequence
tion. In this exemplary embodiment, each of the bistable includes one of the following chronologically successive
multivibrators 14, 15, 16 is constructed from in each case 25 command sequences:
two NAI\?Z gatles 14A,d 1:]63’ 15/3;1’ 1}‘17’ 16A, 168 ang also an a) firstly PRE, secondly ARF, thirdly MRS;
inverter 14C, 15C an C, which are connected to one ; ;
another in the manner illustrated. The NAND gate 17 is 8)- firstly: FRE, spoomilyy MES; thlrd¥y ARF; and
provided with three inputs in the bistable multivibrator 15. ¢) firstly MRS, secondly PRE, or thirdly ARF;

I claim: 30 where,

1. A dynamic semiconductor memory device of a random PRE=the preparation command signal for word line
access type, comprising: activation,

an @nilialization ci}'cuit controlling a switchington opera- ARF=the refresh command signal, and

tion and supplying a supply v'o.l tage stable s1ggal Of° 35 MRS=the loading configuration register command signal.
a supply voltage has been stabilized after the switching- ; e Gy e : ;

on operation, said initialization circuit having a control L e improyed melhod fgr initiglizing y dynamic SOl
circuit for controlling operations and an enable circuit c':o.n'du.ctot memory device O,t a randpm access Lype via an
receiving the supply voltage stable signal and exter- 1n1t1ahzal19n circuit controlling a sw1tch1'ng—0n operation qf
nally applied further command signals, said enable the dynamic seml.conductor memory device apd of its circuit
circuit outputting an enable signal after a predeter- 40 components, the improvement which comprises:

mined proper initialization sequence of the externally supplying, via the initialization circuit, a supply voltage
applied further command signals being identified and stable signal once a supply voltage has been stabilized
the enable signal effecting an unlatching of said control after the switching-on operation of the dynamic semi-
circuit. conductor memory device; and

2. The semiconductor memory device according to claim 45 supplying, via an enable circuit of the initialization
1, wherein the externally applied further command signals circuit, an enable signal, the initialization circuit receiv-
forming the predetermined proper initialization sequence to ing the supply voltage stable signal and further com-
be identified by said enable circuit includes at least one of a mand signals externally applied to the dynamic semi-
preparation command signal for word line activation, a conductor memory device, after an identification of a
refresh command signal, and a loading configuration register 50 predetermined proper initialization sequence of the
command signal. further command signals the enable signal being gen-

3. The semiconductor memory device according to claim erated and effecting an unlatching of a control circuit
1, wherein said enable circuit has at least one bistable provided for a proper operation of the dynamic semi-
multivibrator stage having a set input receiving the exter- conductor memory device.
nally applied further command signals, a reset input receiv- 55 12. The method according to claim 11, which comprises
ing one of the supply voltage stable signal, a signal derived providing at least one of a preparation command signal for
from the supply voltage stable signal and a linked signal, and word line activation, a refresh command signal, and a
an output outputting said enable signal. loading configuration register command signal as the further

4. The semiconductor memory device according to claim command signals.

3, wherein said at least one bistable multivibrator stage is a % 13. The method according to claim 11, which comprises
plurlity of bistable multivibrator stages respectively receiv- maintaining a latched condition of output drivers of the
ing one of the externally applied further command signals. dynamic semiconductor memory device during the

5. The semiconductor memory device according to claim switching-on operation until the enable signal is generated
4, wherein said output of one of said plurality of bistable o by the enable circuit.

multivibrator stages is passed to said reset input of another
of said plurality of bistable multivibrator stages.
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DRAM REFRESH TIMING ADJUSTMENT
DEVICE, SYSTEM AND METHOD

BACKGROUND OF THE INVENTION

The present invention relates to devices, systems, and/or
methods for refreshing the contents of a dynamic random
access memory (DRAM) array and, more particularly, to
devices, systems, and/or methods for utilizing a temperature
of the DRAM array to adjust a refresh rate at which the

2

refresh command. The DRAM receives the refresh com-
mand from the external chip through a dedicated pin.
Unfortunately, the refresh process has a deleterious effect
on overall system performance. Among these deleterious
effects are: (i) an increase in power consumed by the DRAM
array 10 and any external circuitry involved in the refresh
process; and (ii) a decrease in overall system bandwidth. As
to the former, the external sense amplifiers and other asso-
ciated circuitry (e.g., row decoders, column decoders, etc.)
involved in the refresh process, not to mention the DRAM

contents of the DRAM array are updated. . 10 array 10 itself, draw power in order to rewrite the data into

A COMMOI. form of random access memory (RAM) is the DRAM array 10. In certain applications, such as in the
dynamic random access memory (DRAM). With reference automotive industry, power efficiency is desirable and
to the 'equlvalcnt circuit shown in FIG. 1, DRAMs employ increases in power consumption due to DRAM array 10
a semiconductor technology called complementary metal- _ refresh cycles may be problematic. As to the latter, the
0X1c.le-sen%1conductor CMOS to implement a memory array > refresh cycles of the DRAM array 10 take priority over
10 including a plurality of memory cells 12, each cell 12 routine reading and writing cycles and, therefore, the rate at
con§isting of a single transistor 14 and a single capacitor 16. which the DRAM array 10 is refreshed has a corresponding
A given cell 12 of the DRAM array 10 may be accessed by impact on the bandwidth (e.g., data throughput) of the
activating a particular bit line and word line. As the cells 12 ,o overall system in which the DRAM array 10 is utilized.
Of, the DRAM array are arrangcx.:l n a grid, only one cell 1,2 Accordingly, there is a need in the art for a new device,
Wlll be accessed for each combination of word line and bit system, and/or method for refreshing the data of a DRAM
line. array such that power consumption is reduced and system

For example, in order to write a data bit into cell (0,1), bandwidth is increased.
word line 0 is activated by applying an appropriate voltage 5%
to that line, e.g., a logic high (such as 3.3V, 5V, 15V, etc.) or SUMMARY OF THE INVENTION
a logic low (such as OV). The appropriate voltage on word In accordance with at least one aspect of the present
line 0 will turn on each of the transistors 14 connected to that invention, an apparatus includes: at least one DRAM array;
line including the transistor 14 of cell (0,1). A voltage may and at least one temperature sensor in thermal communica-
then be presented on bit line 1, which will charge the 3 tion with the DRAM array and operable to produce a signal
capacitor 16 of cell (0,1) to a desired level, e.g., a logic high indicative of a temperature of the DRAM array.
or logic low consistent with the data bit. The voltage may be Preferably, the DRAM array is refreshed at a rate that
presented on bit line 1 (and/or any of the other bit lines) by varies in response to the signal. For example, the rate at
way of a suitably connected data bus. When the voltage on which the DRAM array is refreshed may decrease as the
word line 0 is removed, the transistor 14 of cell (0,1) is 45 temperature of the DRAM array decreases. Further, the rate
biased off and the charge on the capacitor 16 of cell (0,1) is at which the DRAM array is refreshed may increase as the
stored. temperature of the DRAM array increases.

Reading a data bit from a particular cell 12, such as cell Preferably, the at least one temperature sensor includes at
(0,1), is substantially similar to writing a data bit except that least one diode having a forward voltage drop that varies as
the voltage on bit line 1 is imposed by the capacitor 16 of the ,, a function of the temperature of the DRAM array, and the
cell 12 rather than by the data bus. Typically, a single cell 12 signal corresponds to the forward voltage drop of the at least
is not written to or read from; rather, an entire word (series one diode. Alternatively, the at least one temperature sensor
of data bits) is written into the DRAM array 10 or read from may be taken from the group consisting of thermocouples,
the DRAM array 10 by applying the appropriate voltage on thermistors, or any other device that provides an output
a particular word line and either imposing or sensing voltage ,5s signal that varies as a function of temperature.
on each of the bit lines 0,1,2, etc. In accordance with one or more further aspects of the

Once data bits (i.c., voltages) have been stored on the invention, the apparatus may further include a refresh unit
capacitors 16 of the DRAM array 10, the data are not operable to refresh the DRAM array at a rate that varies in
permanent. Indeed, various leakage paths exist around the response to the signal. Preferably, the refresh unit includes
capacitors 16 and, therefore, failure to read the date may 5o a refresh timing unit operable to establish the rate at which
corrupt the stored voltages. In order to avoid the loss of data the DRAM array is refreshed in response to the signal. It is
stored in the DRAM array 10, the data are refreshed on a preferred that the refresh timing unit is operable to decrease
periodic basis. In particular, an external sense amplifier is the rate at which the DRAM array is refreshed as the signal
employed to sense the data stored in the DRAM array 10 and indicates that the temperature of the DRAM array decreases.
rewrite (i.e., refresh) the data onto the capacitors 16. ss5 It is also preferable that the refresh timing unit is operable
Typically, the data associated with a particular word line to increase the rate at which the DRAM array is refreshed as
(i.e., one data word) are refreshed every 7.8 microseconds the signal indicates that the temperature of the DRAM array
(e.g., for 256 Mbit DRAM arrays) or every 15.6 microsec- increases.
onds (e.g., for 64 Mbit DRAM arrays). The refresh rate for When the at least one temperature sensor is a diode, it is
a particular DRAM array 10 is established by the manufac- ) preferable that the refresh unit is operable to sense the
turer and is based on a worst-case high temperature condi- forward voltage drop of the diode to determine the tempera-
tion. ture of the DRAM array.

The refresh process may be implemented in either of two In accordance with one or more further aspects of the
ways, namely, internally (self refresh) or externally (CBR or present invention, the DRAM array and the at least one
Ras only refresh). The internal refresh process requires that 65 temperature sensor are disposed in a semiconductor

the DRAM itself set the refresh timing. The external refresh
process requires an external chip (chipset) that issues a

package, the package including at least one connection pin
operable to provide the signal to external circuitry.
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In accordance with one or more further aspects of the
invention, the DRAM array, the at least one temperature
sensor, and the refresh unit are integrated in a semiconductor
package.

In accordance with at least one further aspect of the
present invention, the apparatus includes: at least one
DRAM chip including the DRAM array and the at least one
temperature sensor; at least one refresh chip operable to
refresh the DRAM array at a rate that varies in response to

4

array is illustrated as being a linear function in FIG. 2, it is
noted that the relationship may not be linear and may vary
depending on the specific implementation of the DRAM
array. It is believed, however, that the overall relationship
between temperature and refresh rate for DRAM arrays will
exhibit a positive slope. In accordance with one or more
aspects of the present invention, this relationship is
exploited to reduce power consumption of the DRAM array
(and any associated circuitry) and improve overall system
bandwidth.

glren 1‘ls'llgg,lile;litPrefcrably, the refresh chip includes the refresh 10 FIG. 3;s a blockdiapramof.asystem 1005or storing: dafa
) i in a DRAM array. The system 100 includes a memory unit
In accordance with one or more furthf:r aspects of the 102 and a refresh unit 104. The memory unit 102 preferably
present invention, a method includes: sensing a temperature  jycJydes at least one temperature sensor 110 and at least one
of a DRAM array; and‘refr_eshmg contents of the DRAM 15 DRAM array 112. The DRAM array 112 may be configured
array at a rate that varies in response o the temperature ™ i, 5 substantially similar way as shown in FIG. 1 and/or may
thereof. be configured in accordance with any of the known tech-
The method preferably further includes decreasing the  nologies. Preferably, the temperature sensor 110 is in ther-
rate at which the DRAM array is refreshed as the tempera- mal communication with the DRAM array 112
ture of the DRAM array decreases. The method may also , (schematically illustrated by way of line 114) and is operable
include increasing the rate at which the DRAM array is ~ to produce a signal on line 116 that is indicative of a
refreshed as the temperature of the DRAM array increases. temperature of the DRAM array 112. By way of example,
It is most preferred that the step of sensing the temperature the DRAM array 112 may be implemented on a semicon-
of the DRAM array includes sensing a forward voltage drop ductor chip and the temperature sensor 110 may be ther-
of a diode that is in thermal communication with the DRAM 25 mally coupled to the same semiconductor chip or to an
array. " intermediate member that is in thermal communication with
Other aspects, features, advantages, etc. will become the semiconductor chip.
apparent to one skilled in the art in view of the description The refresh unit 104 preferably includes a temperature
herein taken in combination with the accompanying draw- processor 120, a refresh timing unit 122, and a decoder/
ings. 30 amplifier unit 124. The refresh unit 104 is preferably oper-
able to refresh the DRAM array 112 (by way of connection
BRIEF DESCRIPTION OF THE DRAWINGS 130) at a rate that varies in response to the signal on line 116.
For the purposes of illustrating the invention, there are More particularly, the DRAM array 112 is preferably
shown in the drawings forms which are presently preferred, refreshed at a rate that decreases as lhf: temperature of the
it being understood, however, that the invention is not 35 DRAM array 112 decreases and/or refreshed at a rate that
limited to the precise arrangements and/or instrumentalities increases as the temperature of the DRAM array 112
shown. increases. The temperature processor 120 is preferably oper-
FIG. 1 is a DRAM array in accordance with the prior art; abl? by del‘ect alevel of the signal.on lins 116‘and forprovide
A X . i . an indication of the temperature (by way of line 121) of the
FIG. 2 is a graph illustrating the relatlgnshlp between a 40 DRAM array 112 to the refresh timing unit 122. The refresh
temperature of the DRAM array and a desirable refresh rate timing unit 122 is preferably operable to establish the rate at
of the DRA4M dftay, = ) which the DRAM array 112 is refreshed in response to the
FIG. 3 is a block diagram of a DRAM apparatus in temperature indication from the temperature processor 120.
accordance with one or more aspects of the present inven- The row/column decoders and sense amplifiers 124 are
tion; and 45 preferably operable to perform the refresh function on the
FIGS. 4A—4C are structural views of alternative DRAM DRAM array 112 in accordance with known techniques at
configurations in accordance with the present invention; and intervals dictated by the refresh timing unit 122.
FIG. 5 is a block diagram showing additional details of In accordance with at least one aspect of the present
certain components of FIG. 3. invention, the temperature sensor 110 and the DRAM array
50 112 are preferably disposed in a semiconductor package
DETAILED DESCRIPTION where the package includes at least one connection pin 117
With reference to FIG. 2, it has been found that the refresh ~ operable to provide the signal on line 116 to external
rate established by DRAM array manufacturers may be circuitry, such as the refresh unit 104. In accordance with a
altered when the temperature of the DRAM array is lower  further aspect of the present invention, the DRAM array 112,
than a worst-case value. For example, when the temperature 55 temperature sensor 110, and the refresh unit 104 are inte-
of the DRAM array is relatively high, a correspondingly grated in the same semiconductor package such that external
high refresh rate R1 may be required to ensure integrity of circuitry is not required to perform the refresh function. In
the data stored in the DRAM array. The relativcly hlgh accordance with a further aspect of the present invenlion, the
refresh rate R1 unfortunately results in a correspondingly ~ refresh unit 104 is implemented by way of one or more
high power use and a low system bandwidth. Conversely, 60 semiconductor packages so as to form a chipset with the
when the temperature of the DRAM array is relatively low, package containing the temperature sensor 110 and the
it has been found that a correspondingly lower refresh rate DRAM array 112.
R2 may be utilized to ensure the integrity of the data stored Reference is now make to FIGS. 4A—4C, which are
in the DRAM array. Advantageously, the relatively lower structural views of alternative configurations of the DRAM
refresh rate R2 results in a lower power usage and higher 65 array 112 and temperature sensor 110. In FIG. 4A, the

overall system bandwidth. Although the relationship
between the temperature and the refresh rate of the DRAM

DRAM array 112 is disposed on an intermediate member
180, such as a substrate, a heatsink, etc. The temperature
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sensor 110 is integrated with the DRAM array structure 112,
such as by implementing the temperature sensor 110 into the
semiconductor material of the DRAM array 112. As shown
in FIG. 4B, an alternative structural configuration is con-
templated where the DRAM array 112 and the temperature
sensor 110 are disposed on the intermediate member 180,
where the intermediate member 180 exhibits desirable ther-
mal conductivity properties. Indeed, in this configuration it
is preferred that the intermediate member 180 exhibits a low

6

indicative of a temperature of the DRAM array, and
coupled to the at least one connection pin such that the
signal may be provided to external circuitry,
wherein the DRAM array is refreshed at a rate that
decreases as the temperature of the DRAM array
decreases and that increases as the temperature of the
DRAM array increases.
2. The apparatus of claim 1, wherein the at least one
temperature sensor includes at least one diode having a

thermal resistance I;fitaveenhthg DRAM array 112 and the 10 gor,g voltage drop that varies as a function of the tem-
Lefr?l}::lt-:[;;:;iizro i th:]g% Atlv? la;lrr;;i(i;rziyn:eazltl)rtzﬁzg perature of the DRAM array, and the signal C(?rresponds to
The structural configuration shown in FIG. 4C shows that the forward voltage drop O% the at least'one diode.

the temperature sensor 110 may be coupled to the semicon- 3. The apparatus of claim 1, wherein the at least one
ductor device 112, such as by bonding it to the semicon- 15 LCMperature sensor is taken from the group consisting of
ductor material of the DRAM array 112. thermocouples and thermistors.

With reference to FIG. 5, the temperature sensor 110 4. The apparatus of claim 1, wherein the at least one
preferably includes at least one diode 140 having a forward temperature sensor includes a diode having a forward volt-
voltage drop that varies as a function of the temperature of 8¢ drop that varies as a function of the temperature of the
the DRAM array 112. The signal on line 116 preferably 20 DRAM arrayj; the at least one connection pin includes a first
corresponds to the forward voltage drop of the diode 140. By pin coupled to an anode of the diode and a second pin
way of example, the refresh unit 104 may include a current coupled to a cathode of the diode; and the signal corresponds
source 150 operatively coupled to the diode 140 such that to a potential voltage between the first and second pins.
the diode 140 is forward biased. The refresh unit 104 may o5 5 The apparatus of claim 1, wherein the at least one
also include a voltage sensor 152 operatively coupled across temperature sensor is taken from the group consisting of
the diode 140 such that the forward voltage drop across the thermocouples and thermistors.
diode 140 may be measured. The voltage sensor 152 pref- 6. The apparatus of claim 1, further comprising a refresh
erably produces a value on line 121 indicative of the unit operable to refresh the DRAM array at a rate that varies
temperature of the DRAM array 112 vis-a-vis the forward 3° in response to the signal.
voltage drop of the diode 140. 7. The apparatus of claim 6, wherein the refresh unit

Although the use of diode 140 is preferred, various other includ.cs a refresh timing un~il operable tq establish the rate
temperature sensing devices and techniques may be a‘l which the DRAM array is refreshed in response to the
employed, such as the use of one or more thermocouples, 35 signal. X X e
thermistors, etc. 8. The apparatus of claim 7, wherein the refresh timing

In accordance with at least one further aspect of the unit ls operable to decre.ase t}}e ¥ale at which the DRAM
present Tnveniion, g meiliodiof refedhis Hhe-conisnts of array is refreshed as the signal indicates that the temperature
DRAM array may be achieved utilizing suitable hardware, of the DRAM, aredy decreéses' g 5
such as that illustrated in FIGS. 3-5 and/or utilizing a 0 9 T he apparatus .Of claiin 7, Wherein the. refresh timing
manual or automatic process. An automatic process may be unit " operable to mnerease the 1tate at which the DRAM
Sinvpllemiented usittg: any of fhe Known "progessers fliat are array is refreshed as lhc signal indicates that the temperature
operable to execute instructions of a software program. In of the DRAM, artay 1CTeases. : )
either case, the steps and/or actions of the method preferably 45 10. The apparatus‘ of claim 7, whercin th~e at leas'l one

. . R . temperature sensor includes at least one diode having a
correspond to the functions described hereinabove with firwardl woltage drop il varies as . fuction off The fem
;e_ssect to at least portions of the hardware shown in FIGS. perature of the DRAM array, and the signal corresponds to

o . . . . . the forward voltage drop of the at least one diode.

Although the }HVCHHOH heljem has'bc.aen desenibed, with 50 11. The apparatus of claim 10, wherein the refresh unit is
reference to particular embodiments, it is to be understood operable to sense the forward voltage drop of the diode to
tl?at these embgdm}enls are merely 111'uslrat1've of t.he prin- determine the temperature of the DRAM array.
ciples and applications of the present invention. It is there- 12. The apparatus of claim 6, wherein the DRAM array,
fore to be ul?derslos)d that nur'nerous modifications may be the at least one temperature sensor, and the refresh unit are
made to the 111ustre}tlve erpbodlments gnd that other a1"r.ange- 55 integrated in a semiconductor package.
ments may be dev1sed. th(?ut departing from the spirit and 13. A dynamic random access memory (DRAM) chipset,
scope of the present invention as defined by the appended comprising:

Cla\lﬁlsét 5 claimed is: at least one DRAM chip includ'ing a DRAM array.and at

1. An apparatus, comprising: 60 legst one temperature sensor in thermal communication

> with the DRAM array, the at least one temperature

a Sé?micqnductor package including at least one connec- sensor being operable to produce a signal indicative of

tion pin; a temperature of the DRAM array, the DRAM chip
at least one dynamic random access memory (DRAM) including at least one connection pin operable to pro-
array disposed within the package; and 65 vide the signal to external circuitry; and

at least one temperature sensor in thermal communication
with the DRAM array, operable to produce a signal

at least one refresh chip operable to refresh the DRAM
array at a rate that varies in response to the signal,
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wherein the refresh chip is operable to (i) decrease the 16. A method, comprising:

rate at which the DRAM array is refreshed as the signal SCl‘lSil'lg a temperature of a dynamic random access

indicates that the temperature of the DRAM array memory (DRAM) array;

decreases; and (ii) increase the rate at which the DRAM outputting a signal indicative of the temperature of the

array is refreshed as the signal indicates that the tem- 5 DRAM array to external circuitry; and

perature of the DRAM array increases. refreshing contents of the DRAM array at a rate that (i)
14. The apparatus of claim 13, wherein the at least one decreases as the temperature of the DRAM array

decreases; and (ii) increases as the temperature of the
DRAM array increase.
N 10 17. The method of claim 16, wherein the step of sensing
perature of the DRAM array, and the signal corresponds to the temperature of the DRAM array includes sensing a
the forward voltage drop of the at least one diode. forward voltage drop of a diode that is in thermal commu-
15. The apparatus of claim 14, wherein the refresh chip is nication with the DRAM array.
operable to sense the forward voltage drop of the diode to
determine the temperature of the DRAM array. %k ® %

temperature sensor includes at least one diode having a
forward voltage drop that varies as a function of the tem-
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G7) ABSTRACT

An electronic printed circuit board has a memory module
and a contact strip for insertion into another electronic unit.
The memory module has at least nine identically designed
housing-encapsulated integrated semiconductor memories
configured on the printed circuit board. The longer dimen-
sion of the housing of one of the semiconductor memories,
which is connected as an error correction chip, is oriented
perpendicular to the contact strip. The longer dimension of
the housings of the other semiconductor memories are
oriented parallel to the contact strip. The different orienta-
tion of the semiconductor memories makes it possible to
reduce the height of the printed circuit board while enabling
the rectangular housings to keep the same physical form.
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