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U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1.965, no persons are required to respond to a collection of infoirnation unless it displays a valid OMEi control number 

POWER OF ATTORNEY BY APPLICANT 
WWWW.   wuuwwwwww.WWWWW ., WNW, 

I hereby revoke all previous powers of attorney given in the application identified in erthei: tne attached transmittal letter or . 
the boxes below. 

......WWWWWWWWCW,........WWWWWWWWWVWWWN.WWWWWYWWW.WW 

Application Number Filing Date 

(Note: The boxes above may be left blank if information is provided on form PTO/AIA/82A.) 

I hereby appoint the Patent Practitioner(s) associated with the following Customer Number as my/our attorney(s) or agent(s), and 
to transact all business in the United States Patent and Trademark Of€ice connected therewith for the application referenced in 
the attached transmittal letter (form PTOIAIA/82A) or identified above:  

O 
15114 

R 

I hereby appoint Practitioner(s) named in the attached list (form PTO/A AIEJ2C) as mylour attorney(s) or agent(s), and to transact 
all business in the United States Patent and Trademark Office connected therewith for the patent application referenced in the 
attached transmittal letter (form PTO/AIA/82A) or identified above. (Note: Complete form PTO/AIA/82C.) 

WWWW WWWWW, 

Please recognize or change the correspondence address for the application identified in the attached transmittal 
letter or the boxes above to: 

The address associated with the above-mentioned Customer Number 

OR 

The address associated with Customer Number: 1 

OR 
Firm or 
Individual Narne 

Address 

City 

Country 

State 

Telephone T Email 

  I Zip 

I am the Applicant (if the Applicant is a juristic entity, list the Applicant name in the box). 

Netlist, Inc. 

I I 

Inventor or Joint Inventor (title not required below) 

Legal Representative of a Deceased or Legally Incapacitated Inventor (title not required below) 

Assignee or Person to Whom the Inventor is Under an Obligation to Assign (provide signer's title if app€icant is a juristic entity) 

Person Who Otherwise Shows Sufficient Proprietary €nterest (e.g., a petition under 37 CFR 1.46(b)(2) was granted in the 
application or is concurrent€y being fi€ed with this  documentLaovide signer's title if applicant is a juristic entity) 

The undersigned 

Signature 

SIGNATURE of Applicant for Patent 

hose title is suppl€ed belmais authorized to act on behalf of the applicant e.g.. where the applicant is 3 juristic entity). 

Name Vitsi 

Tit€e :rt 
t ez:v.t .fN 

Date (Optional) ;.> :',s7 

NOTE: Signature This form must be signed by the applicanniaccorthance with 37 CFR 1.33. See 37 CFR 1.4€ for signature requirements 
and certifications. It more than one app€icant, use multiple forms. 

TTotal of forms are submitted. 
xxxvco.x.....WMONCOODOnixo..N. 

This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. The infortnaffon is required to obtain or retain a benefit by the public which is to file (and by the 
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 minutes to complete, 
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount 
of time you require to complete this tom and/or suggestions. for reducing this burden, should he sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. 
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND PEES OR COMPLETED FOR S. TO THIS. ADDRESS. SEND TO: Commissioner 
for Patents, P.D. Box 1450, Alexandria, VA 223134450. 

If you need assistance in completing the form, call 1-800-PTO-9199 and select option .2. 
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PTO/AIA/01 (06-12) 
Approved for use through 01/31/2014. OMB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number. 

C DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN 
APPLICATION DATA SHEET (37 CFR 1.76) 

Title of 
Invention 

FLASH-DRAM HYBRID MEMORY MODULE 

As the below 

This declaration 
is directed to: 

The above-identified 

I believe that 

I hereby acknowledge 
by fine or imprisonment 

Petitioner/applicant 
contribute to 
(other than a 
to support a 
petitioners/applicants 
USPTO. Petitioner/applicant 
application (unless 
patent. Furthermore, 
referenced in 
PTO-2038 submitted 

named inventor, I hereby declare that: 

The attached application, or 

United States application or PCT international application number 14/489269

filed on September 17, 2014 

application was made or authorized to be made by me. 

I am the original inventor or an original joint inventor of a claimed invention in the application. 

that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001 
of not more than five (5) years, or both. 

WARNING: 
is cautioned to avoid submitting personal information in documents filed in a patent application that may 

identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers 
check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO 

petition or an application. If this type of personal information is included in documents submitted to the USPTO, 
should consider redacting such personal information from the documents before submitting them to the 

is advised that the record of a patent application is available to the public after publication of the 
a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a 

the record from an abandoned application may also be available to the public if the application is 
a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms 

for payment purposes are not retained in the application file and therefore are not publicly available. 

LEGAL NAME OF INVENTOR 

Jeffrey C. Sdl n - Inventor: Date (Optional) 
7 t

Signature: , i

Note: An application data sheet (PTO/SB/14 i? equivalent), including naming the entire inventive entity, must accompany this form or must have 
been previously filed. Use an additional PTO AIA/01 form for each additional inventor. 

This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. The information is required to obtain or retain a benefit by the public which is to file (and 
by the USPTO to process) an application, Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 1 minute to 
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any 
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO 
THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 
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RTO/AlAI91 (06-12) 
Approved for use through 01131!2014. OME 0051-0032 

U S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Linder the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number. 

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN 
APPLICATION DATA SHEET (37 CFR 1.76) 

Title of FLASH DRAM HYBRID MEMORY MODULE 
Invention 

As the below named inventor, hereby dec€are that: 

This declaration I I 
is directed to: 

The attached application, or 

United States application or PCT international application number  14/489269 

filed on September 17, 2014 

The above-identified application was made or authorized to be made by me. 

€ believe that I am the original inventor or an original joint inventor of a claimed invention in the application. 

I hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001 
by fine or imprisonment of not more than five (5) years, or both. 

WARNING: 
Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may 
contribute to identity theft. Persona€ information such as social security numbers, bank account numbers, or credit card numbers 
(other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO 
to support a petition or an application. If this type of personal information is included in documents submitted to the USPTO, 
petitioners/applicants should consider redacting such personal information from the documents before submitting them to the.
USPTO. Petitioner/applicant is advised that the record of a patent app€ication is available to the public after publication of the 
application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the app€ication) or issuance of a 
patent. Furthermore, the record from an abandoned application may also be available to the public if the application is 
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms 
P1O-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available. 

LEGAL NAME OF INVENTOR 

inventor:  Scott H. Milton 

Signature: • . -4- 
$ 

  Date (0ptiona€)

Note'. An app€ication data sheet ;PTO/SS/14 or equivalent), including naming the entire inventive entity, must accompany this form or must have 
been previously f€ed. Use an additional PTO/ALA/O1 form for each additional inventor. 

This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.53. The information is required to obtain or retain a benefit by the public which is to file {and 
by the USPTO to processt an application. Confidentiality is governed by 35 U.S.0 122 and 37 CFR 1.11 and 1 14. This collection is estimated to take 1 minute to 
complete, Including gathering, preparing, and submitting the completed application form to the USPTO. lime will vary depending upon the individual case. Any 
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief information Officer, U.S. 
Patent and Trademark Office, U S. Department of Commerce. P.O. Sox 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO 
THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 223134450, 

If you need assistance in completing the form, cart 1-000,PTO-9199 and select option 2. 
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Ex. 1002, p. 3



PTO/AIA/01 (06-12) 
Approved for use through 01/31/2014. OMB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number. 

C DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN 
APPLICATION DATA SHEET (37 CFR 1.76) 

Title of 
Invention 

FLASH-DRAM HYBRID MEMORY MODULE 

As the below 

This declaration  
is directed to: 

The above-identified 

I believe that 

I hereby acknowledge 
by fine or imprisonment 

Petitioner/applicant 
contribute to 
(other than a 
to support a 
petitioners/applicants 
USPTO. Petitioner/applicant 
application (unless 
patent. Furthermore, 
referenced in 
PTO-2038 submitted 

named inventor, I hereby declare that: 

i I  I The attached application, or 

Ill United States application or PCT international application number 14/489269

filed on September 17, 2014 

application was made or authorized to be made by me. 

I am the original inventor or an original joint inventor of a claimed invention in the application. 

that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001 
of not more than five (5) years, or both. 

WARNING: 
is cautioned to avoid submitting personal information in documents filed in a patent application that may 

identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers 
check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO 

petition or an application. If this type of personal information is included in documents submitted to the USPTO, 
should consider redacting such personal information from the documents before submitting them to the 

is advised that the record of a patent application is available to the public after publication of the 
a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a 

the record from an abandoned application may also be available to the public if the application is 
a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms 

for payment purposes are not retained in the application file and therefore are not publicly available. 

LEGAL NAME OF INVENTOR 

Inventor: Hyun Lee Date (Optional) : 

Signature: 
--._____

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must accompany this form or must have 
been previously filed. Use an additional PTO/AIA/01 form for each additional inventor. 

This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. The information is required to obtain or retain a benefit by the public which is to file (and 
by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 1 minute to 
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any 
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO 
THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 

Samsung Electronics Co., Ltd.
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PTOIAIA/01 (06-121 
Approved for use through 01/3112014. °NIB 0851-0032 

U.S. Patent and Tractemark. Office: U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1965, no persons are required to respond to a collection of information unless it rdisplays a valid OMB control number. 

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN 
APPLICATION DATA SHEET (37 CFR 1.76) 

Tit€e of 
Invention 

FLASH-DRAM HYBRID MEMORY MODULE 

As the below named inventor, I hereby dec€are that: 

This dec€aration I€ 
is directed to: 

The attached application,. or 

489269 United States app€€cation or PCT international application number 14/

fi€ed on September 17, 2014 

The .above-identified app€ication was made or authorized to be made by me. 

€ believe that am the original inventor or an original joint inventor of a claimed invention in the application. 

hereby acknow€edge that any willful fa€se statement made in this declaration is punishab€e under 18 U.S.C. 1001 
by fine or imprisonment of not more than five (5) years, or both. 

WARNING: 
Petitioner/applicant is cautioned to avoid submitt€ng personal information in documents filed in a patent application that may 
contribute to identity theft. Persona€ information such as social security numbers, bank account numbers, or credit card numbers 
(other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO 
to support a petition or an application. €f this type of persona€ information is included in documents submitted to the USPTO, 
petitioners/applicants should consider redacting such personal information from the documents before submitting them to the 
USPTO. Petitioner/applicant is advised that the record of a patent app€ication is available to the public after publication of the 
app€ication (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a 
patent. Furthermore, the record from an abandoned application may also be available to the public if the application is 
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms 
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available. 

LEGAL NAME OF INVENTOR 

Inventor: Jayesh Bhakta 

Signature:  ............ ........

  Date (Optiera€) *-77 

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must accompany this form or must have 
been previously filed. Use an additional PrO/A1A/01 form for each additional inventor. 

This (toile:lion of information is required by 35 U.S.C. 115 and 37 CFR 1.63. The information is required to obtain or retain a benefit by the public which is to file land 
by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to lake 1 minute to 
complete, including gathering, preparing, and submitting the completed application form to the USPTO Time will vary depending upon the individual case. Any 
comments on the amount of time you require to complete this form andlor suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO 
TI-PS ADDRESS. SEND TO:. Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, calf 1-4300-PTO-9199 and select option 2.. 

Samsung Electronics Co., Ltd.
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PTO/AIA/01 (06-12) 
Approved for use through 01/31/2014. OMB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number. 

C DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN 
APPLICATION DATA SHEET (37 CFR 1.76) 

Title of 
Invention 

FLASH-DRAM HYBRID MEMORY MODULE 

As the below 

This declaration 
is directed to: 

The above-identified 

I believe that 

I hereby acknowledge 
by fine or imprisonment 

Petitioner/applicant 
contribute to 
(other than a 
to support a 
petitioners/applicants 
USPTO. Petitioner/applicant 
application (unless 
patent. Furthermore, 
referenced in 
PTO-2038 submitted 

named inventor, I hereby declare that: 

The attached application, or 

United States application or PCT international application number 14/489269

filed on September 17, 2014 

application was made or authorized to be made by me. 

I am the original inventor or an original joint inventor of a claimed invention in the application. 

that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001 
of not more than five (5) years, or both. 

WARNING: 
is cautioned to avoid submitting personal information in documents filed in a patent application that may 

identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers 
check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO 

petition or an application. If this type of personal information is included in documents submitted to the USPTO, 
should consider redacting such personal information from the documents before submitting them to the 

is advised that the record of a patent application is available to the public after publication of the 
a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a 

the record from an abandoned application may also be available to the public if the application is 
a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms 

for payment purposes are not retained in the application file and therefore are not publicly available. 

LEGAL NAME OF INVENTOR 

Chi-She Chen Inventor: Date (Optional) : Oc,t- / 7 -Z0/4f
Signature: i.;C-- I ,/-•,- 

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must accompany this form or must have 
been previously filed. Use an additional PTO/AIA/01 form for each additional inventor. 

This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. The information is required to obtain or retain a benefit by the public which is to file (and 
by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 1 minute to 
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any 
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO 
THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 

Samsung Electronics Co., Ltd.
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FLASH-DRAM HYBRID MEMORY MODULE 

PRIORITY CLAIM 

[0001] This application is a continuation of U.S. Patent Application No. 15/934,416, filed 

March 23, 2018, titled "Flash-Dram Hybrid Memory Module," which is a continuation of U.S. 

Patent Application No. 14/840,865, filed August 31, 2015, titled "Flash-Dram Hybrid Memory 

Module," now U.S. Patent No. 9,928,186, which is a continuation of U.S. Patent Application No. 

14/489,269, filed September 17, 2014, titled "Flash-Dram Hybrid Memory Module," now U.S. 

Patent No. 9,158,684, which is a continuation of U.S. Patent Application No. 13/559,476, filed 

July 26, 2012, titled "Flash-Dram Hybrid Memory Module," now U.S. Patent No. 8,874,831, 

which claims the benefit of U. S. Provisional Patent Application No. 61/512,871, filed July 28, 

2011, and is a continuation-in-part of U.S. Patent Application No. 12/240,916, filed September 

29, 2008, titled "Non-Volatile Memory Module," now U.S. Patent No. 8,301,833, which is a 

continuation of U.S. Patent Application No. 12/131,873, filed June 2, 2008, which claims the 

benefit of U. S. Provisional Patent Application No. 60/941,586, filed June 1, 2007, the contents 

of all of which are incorporated herein by reference in their entirety. 

[0002] This application may be considered related to U.S. Patent Application No. 

14/173,242, titled "Isolation Switching For Backup Of Registered Memory," filed February 5, 

2014, which is a continuation of U.S. Patent Application 13/905,053, titled "Isolation Switching 

For Backup Of Registered Memory," filed May 29, 2013, now U.S. Patent 8,677,060, issued 

March 18, 2014, which is a continuation of U.S. Patent Application 13/536,173, titled "Data 

Transfer Scheme For Non-Volatile Memory Module," filed June 28, 2012, now U.S. Patent 
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8,516,187, issued August 20, 2013, which is a divisional of U.S. Patent Application 12/240,916, 

titled "Non-Volatile Memory Module," filed September 29, 2008, now U.S. Patent No. 

8,301,833, issued October 30, 2012, which is a continuation of U.S. Patent Application No. 

12/131,873, filed June 2, 2008, now abandoned, which claims the benefit of U.S. Provisional 

Application No. 60/941,586, filed June 1, 2007, the contents of which are incorporated by 

reference herein in their entirety. 

[0003] This application may also be considered related to U.S. Patent Application No. 

15/000,834, filed January 19, 2016 (abandoned), which is a continuation of U.S. Patent 

Application No. 14/489,332, filed September 17, 2014, now U.S. Patent No. 9,269,437, which is 

a continuation of U.S. Patent Application No. 14/173,219, filed February 5, 2014, now U.S. 

Patent No. 8,904,099, which is a continuation of U.S. Patent Application No. 13/905,048, filed 

May 29, 2013, now U.S. Patent No. 6,671,243, which is a continuation U.S. Patent Application 

13/536,173 above. 

[0004] This application may also be considered related to U.S. Patent Application No. 

15/924,866, (abandoned), which is a continuation of U.S. Patent Application No. 14/489,281, 

filed September 17, 2014, now U.S. Patent No. 9,921,762, which is a continuation of U.S. Patent 

Application No. 13/625,563, filed September 24, 2012, now U.S. Patent No. 8,904,098, which 

claims the benefit of U.S. Provisional Application No. 61/583,775, filed September 23, 2011. 
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TECHNICAL FIELD 

[0005] The present disclosure relates generally to computer memory devices, and more 

particularly, to devices that employ different types of memory devices such as combinations of 

Flash and random access memories. 

BACKGROUND 

[0006] As technology advances and the usage of portable computing devices, such as tablet 

notebook computers, increases, more data needs to be transferred among data centers and 

to/from end users. In many cases, data centers are built by clustering multiple servers that are 

networked to increase performance. 

[0007] Although there are many types of networked servers that are specific to the types 

applications envisioned, the basic concept is generally to increase server performance by 

dynamically allocating computing and storage resources. In recent years, server technology has 

evolved to be specific to particular applications such as `finance transactions' (for example, 

point-of-service, inter-bank transaction, stock market transaction), `scientific computation' (for 

example, fluid dynamic for automobile and ship design, weather prediction, oil and gas 

expeditions), `medical diagnostics' (for example, diagnostics based on the fuzzy logic, medical 

data processing), `simple information sharing and searching' (for example, web search, retail 

store website, company home page), `email' (information distribution and archive), `security 

service', `entertainment' (for example, video-on-demand), and so on. However, all of these 

applications suffer from the same information transfer bottleneck due to the inability of a high 
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speed CPU (central processing unit) to efficiently transfer data in and out of relatively slower 

speed storage or memory subsystems, particularly since data transfers typically pass through the 

CPU input/output (I/O) channels. 

[0008] The data transfer limitations by the CPU are exemplified by the arrangement shown 

in FIG. 1, and apply to data transfers between main storage (for example the hard disk (HD) or 

solid state drive (SSD) and the memory subsystems (for example DRAM DIMM (Dynamic 

Random Access Memory Dual In-line Memory Module) connected to the front side bus (FSB)). 

In arrangements such as that of FIG. 1, the SSD/HD and DRAM DIMM of a conventional 

memory arrangement are connected to the CPU via separate memory control ports (not shown). 

FIG. 1 specifically shows, through the double-headed arrow, the data flow path between the 

computer or server main storage (SSD/HD) to the DRAM DIMMs. Since the SSD/HD data I/O 

and the DRAM DIMM data I/O are controlled by the CPU, the CPU needs to allocate its process 

cycles to control these I/Os, which may include the IRQ (Interrupt Request) service which the 

CPU performs periodically. As will be appreciated, the more time a CPU allocates to 

controlling the data transfer traffic, the less time the CPU has to perform other tasks. Therefore, 

the overall performance of a server will deteriorate with the increased amount of time the CPU 

has to expend in performing data transfer. 

[0009] There have been various approaches to increase the data transfer throughput rates 

from/to the main storage, such as SSD/HD, to local storage, such as DRAM DIMM. In one 

example as illustrated in FIG. 2, EcoRAMTM developed by Spansion provides a storage SSD 

based system that assumes a physical form factor of a DIMM . The EcoRAMTM is populated 

with Flash memories and a relatively small memory capacity using DRAMs which serve as a 
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data buffer. This arrangement is capable of delivering higher throughput rate than a standard 

SSD based system since the EcoRAIV1TM is connected to the CPU (central processing unit) via a 

high speed interface, such as the HT (Hyper Transport) interface, while an SSD/HD is typically 

connected via SATA (serial AT attachment), USB (universal serial bus), or PCI Express 

(peripheral component interface express). For example, the read random access throughput rate 

of EcoRAIV1TM is near 3GB/s compared with 400MB/s for a NAND SSD memory subsystem 

using the standard PCI Express-based. This is a 7.5X performance improvement. However, the 

performance improvement for write random access throughput rate is less than 2X (197MBs for 

the EcoRAM vs. 104MBs for NAND SSD). This is mainly due to the fact that the write speed is 

cannot be faster than the NAND Flash write access time. Figure 2 is an example of EcoRAMTM 

using SSD with the form factor of a standard DIMM such that it can be connected to the FSB 

(front side bus). However, due to the interface protocol difference between DRAM and Flash, an 

interface device, EcoRAM AcceleratorTM), which occupies one of the server's CPU sockets is 

used, and hence further reducing server's performance by reducing the number of available CPU 

sockets available, and in turn reducing the overall computation efficiency. The server's 

performance will further suffer due to the limited utilization of the CPU bus due to the large 

difference in the data transfer throughput rate between read and write operations. 

[0010] The EcoRAIV1TM architecture enables the CPU to view the Flash DIMM controller 

chip as another processor with a large size of memory available for CPU access. 

[0011] In general, the access speed of a Flash based system is limited by four items: the 

read/write speed of the Flash memory, the CPU's FSB bus speed and efficiency, the Flash 
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DIMM controller's inherent latency, and the HT interconnect speed and efficiency which is 

dependent on the HT interface controller in the CPU and Flash DIMM controller chip. 

[0012] The published results indicate that these shortcomings are evident in that the 

maximum throughput rate is 1.56 GB s for the read operation and 104 MBs for the write 

operation. These access rates are 25% of the DRAM read access speed, and 1.7% of the DRAM 

access speed at 400MHz operation. The disparity in the access speed (15 to 1) between the read 

operation and write operation highlight a major disadvantage of this architecture. The 

discrepancy of the access speed between this type of architecture and JEDEC standard DRAM 

DIMM is expected to grow wider as the DRAM memory technology advances much faster than 

the Flash memory. 

[0013] Certain types of memory modules comprise a plurality of dynamic random-access 

memory (DRAM) devices mounted on a printed circuit board (PCB). These memory modules are 

typically mounted in a memory slot or socket of a computer system (e.g., a server system or a 

personal computer) and are accessed by the computer system to provide volatile memory to the 

computer system. 

[0014] Volatile memory generally maintains stored information only when it is powered. 

Batteries have been used to provide power to volatile memory during power failures or 

interruptions. However, batteries may require maintenance, may need to be replaced, are not 

environmentally friendly, and the status of batteries can be difficult to monitor. 
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[0015] Non-volatile memory can generally maintain stored information while power is not 

applied to the non-volatile memory. In certain circumstances, it can therefore be useful to backup 

volatile memory using non-volatile memory. 

OVERVIEW 

[0016] Described herein is a memory module couplable to a memory controller of a host 

system. The memory module includes a non-volatile memory subsystem, a data manager 

coupled to the non-volatile memory subsystem, a volatile memory subsystem coupled to the data 

manager and operable to exchange data with the non-volatile memory subsystem by way of the 

data manager, and a controller operable to receive commands from the memory controller and to 

direct (i) operation of the non-volatile memory subsystem, (ii) operation of the volatile memory 

subsystem, and (iii) transfer of data between any two or more of the memory controller, the 

volatile memory subsystem, and the non-volatile memory subsystem based on at least one 

received command from the memory controller. 

[0017] Also described herein is a method for managing a memory module by a memory 

controller, the memory module including volatile and non-volatile memory subsystems. The 

method includes receiving control information from the memory controller, wherein the control 

information is received using a protocol of the volatile memory subsystem. The method further 

includes identifying a data path to be used for transferring data to or from the memory module 

using the received control information, and using a data manager and a controller of the memory 

module to transfer data between any two or more of the memory controller, the volatile memory 
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subsystem, and the non-volatile memory subsystem based on at least one of the received control 

information and the identified data path. 

[0018] Also described herein is a memory module wherein the data manager is operable to 

control one or more of data flow rate, data transfer size, data buffer size, data error monitoring, 

and data error correction in response to receiving at least one of a control signal and control 

information from the controller. 

[0019] Also described herein is a memory module wherein the data manager controls data 

traffic between any two or more of the memory controller, the volatile memory subsystem, and 

the non-volatile memory subsystem based on instructions received from the controller. 

[0020] Also described herein is a memory module wherein data traffic control relates to any 

one or more of data flow rate, data transfer size, data buffer size, data transfer bit width, 

formatting information, direction of data flow, and the starting time of data transfer. 

[0021] Also described herein is a memory module wherein the controller configures at least 

one of a first memory address space of the volatile memory subsystem and a second memory 

address space of the non-volatile memory subsystem in response to at least one of a received 

command from the memory controller and memory address space initialization information of 

the memory module. 
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[0022] Also described herein is a memory module wherein the data manager is configured as 

a bi-directional data transfer fabric having two or more sets of data ports coupled to any one of 

the volatile and non-volatile memory subsystems. 

[0023] Also described herein is a memory module wherein at least one of the volatile and 

non-volatile memory subsystems comprises one or more memory segments. 

[0024] Also described herein is a memory module wherein each memory segment comprises 

at least one memory circuit, memory device, or memory die. 

[0025] Also described herein is a memory module wherein the volatile memory subsystem 

comprises DRAM memory. 

[0026] Also described herein is a memory module wherein the non-volatile memory 

subsystem comprises flash memory. 

[0027] Also described herein is a memory module wherein at least one set of data ports is 

operated by the data manager to independently and/or concurrently transfer data to or from one 

or more memory segments of the volatile or non-volatile memory subsystems. 

[0028] Also described herein is a memory module wherein the data manager and controller 

are configured to effect data transfer between the memory controller and the non-volatile 

memory subsystem in response to memory access commands received by the controller from the 

memory controller. 
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[0029] Also described herein is a memory module wherein the volatile memory subsystem is 

operable as a buffer for the data transfer between the memory controller and non-volatile 

memory. 

[0030] Also described herein is a memory module wherein the data manager further includes 

a data format module configured to format data to be transferred between any two or more of the 

memory controller, the volatile memory subsystem, and the non-volatile memory subsystem 

based on control information received from the controller. 

[0031] Also described herein is a memory module wherein the data manager further includes 

a data buffer for buffering data delivered to or from the non-volatile memory subsystem. 

[0032] Also described herein is a memory module wherein the controller is operable to 

perform one or more of memory address translation, memory address mapping, address domain 

conversion, memory access control, data error correction, and data width modulation between 

the volatile and non-volatile memory subsystems. 

[0033] Also described herein is a memory module wherein the controller is configured to 

effect operation with the host system in accordance with a prescribed protocol. 

[0034] Also described herein is a memory module wherein the prescribed protocol is selected 

from one or more of DDR, DDR2, DDR3, and DDR4 protocols. 
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[0035] Also described herein is a memory module wherein the controller is operable to 

configure memory space in the memory module based on at least one of a command received 

from the memory controller, a programmable value written into a register, a value corresponding 

to a first portion of the volatile memory subsystem, a value corresponding to a first portion of the 

non-volatile memory subsystem, and a timing value. 

[0036] Also described herein is a memory module wherein the controller configures the 

memory space of the memory module using at least a first portion of the volatile memory 

subsystem and a first portion of the non-volatile memory subsystem, and the controller presents a 

unified memory space to the memory controller. 

[0037] Also described herein is a memory module wherein the controller configures the 

memory space in the memory module using partitioning instructions that are application-specific. 

[0038] Also described herein is a memory module wherein the controller is operable to copy 

booting information from the non-volatile to the volatile memory subsystem during power up. 

[0039] Also described herein is a memory module wherein the controller includes a volatile 

memory control module, a non-volatile memory control module, data manager control module, a 

command interpreter module, and a scheduler module. 

[0040] Also described herein is a memory module wherein commands from the volatile 

memory control module to the volatile memory subsystem are subordinated to commands from 

the memory controller to the controller. 

11 

Samsung Electronics Co., Ltd.
Ex. 1002, p. 39



Atty Docket No.: 0016.001000H 

[0041] Also described herein is a memory module wherein the controller effects pre-fetching 

of data from the non-volatile to the volatile memory. 

[0042] Also described herein is a memory module wherein the pre-fetching is initiated by the 

memory controller writing an address of requested data into a register of the controller. 

[0043] Also described herein is a memory module wherein the controller is operable to 

initiate a copy operation of data of a closed block in the volatile memory subsystem to a target 

block in the non-volatile memory subsystem. 

[0044] Also described herein is a memory module wherein, if the closed block is re-opened, 

the controller is operable to abort the copy operation and to erase the target block from the non-

volatile memory subsystem. 

[0045] Also described herein is a method for managing a memory module wherein the 

transfer of data includes a bidirectional transfer of data between the non-volatile and the volatile 

memory subsystems. 

[0046] Also described herein is a method for managing a memory module further comprising 

operating the data manager to control one or more of data flow rate, data transfer size, data width 

size, data buffer size, data error monitoring, data error correction, and the starting time of the 

transfer of data. 

12 

Samsung Electronics Co., Ltd.
Ex. 1002, p. 40



Atty Docket No.: 0016.001000H 

[0047] Also described herein is a method for managing a memory module further comprising 

operating the data manager to control data traffic between the memory controller and at least one 

of the volatile and non-volatile memory subsystems. 

[0048] Also described herein is a method for managing a memory module wherein data 

traffic control relates to any one or more of data transfer size, formatting information, direction 

of data flow, and the starting time of the transfer of data. 

[0049] Also described herein is a method for managing a memory module wherein data 

traffic control by the data manager is based on instructions received from the controller. 

[0050] Also described herein is a method for managing a memory module further comprising 

operating the data manager as a bi-directional data transfer fabric with two or more sets of data 

ports coupled to any one of the volatile and non-volatile memory subsystems. 

[0051] Also described herein is a method for managing a memory module wherein at least 

one of the volatile and non-volatile memory subsystems comprises one or more memory 

segments. 

[0052] Also described herein is a method for managing a memory module wherein each 

memory segment comprises at least one memory circuit, memory device, or memory die. 

[0053] Also described herein is a method for managing a memory module wherein the 

volatile memory subsystem comprises DRAM memory. 
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[0054] Also described herein is a method for managing a memory module wherein the non-

volatile memory subsystem comprises Flash memory. 

[0055] Also described herein is a method for managing a memory module further comprising 

operating the data ports to independently and/or concurrently transfer data to or from one or 

more memory segments of the volatile or non-volatile memory subsystems. 

[0056] Also described herein is a method for managing a memory module further comprising 

directing transfer of data bi-directionally between the volatile and non-volatile memory 

subsystems using the data manager and in response to memory access commands received by the 

controller from the memory controller. 

[0057] Also described herein is a method for managing a memory module further comprising 

buffering the data transferred between the memory controller and non-volatile memory 

subsystem using the volatile memory subsystem. 

[0058] Also described herein is a method for managing a memory module further comprising 

using the controller to perform one or more of memory address translation, memory address 

mapping, address domain conversion, memory access control, data error correction, and data 

width modulation between the volatile and non-volatile memory subsystems. 

[0059] Also described herein is a method for managing a memory module further comprising 

using the controller to effect communication with a host system by the volatile memory 

subsystem in accordance with a prescribed protocol. 
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[0060] Also described herein is a method for managing a memory module wherein the 

prescribed protocol is selected from one or more of DDR, DDR2, DDR3, and DDR4 protocols. 

[0061] Also described herein is a method for managing a memory module further comprising 

using the controller to configure memory space in the memory module based on at least one of a 

command received from the memory controller, a programmable value written into a register, a 

value corresponding to a first portion of the volatile memory subsystem, a value corresponding 

to a first portion of the non-volatile memory subsystem, and a timing value. 

[0062] Also described herein is a method for managing a memory module wherein the 

controller configures the memory space of the memory module using at least a first portion of the 

volatile memory subsystem and a first portion of the non-volatile memory subsystem, and the 

controller presents a unified memory space to the memory controller. 

[0063] Also described herein is a method for managing a memory module wherein the 

controller configures the memory space in the memory module using partitioning instructions 

that are application-specific. 

[0064] Also described herein is a method for managing a memory module further comprising 

using the controller to copy booting information from the non-volatile to the volatile memory 

subsystem during power up. 

[0065] Also described herein is a method for managing a memory module wherein the 

controller includes a volatile memory control module, the method further comprising generating 
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commands by the volatile memory control module in response to commands from the memory 

controller, and transmitting the generated commands to the volatile memory subsystem. 

[0066] Also described herein is a method for managing a memory module further comprising 

pre-fetching of data from the non-volatile memory subsystem to the volatile memory subsystem. 

[0067] Also described herein is a method for managing a memory module wherein the pre-

fetching is initiated by the memory controller writing an address of requested data into a register 

of the controller. 

[0068] Also described herein is a method for managing a memory module further comprising 

initiating a copy operation of data of a closed block in the volatile memory subsystem to a target 

block in the non-volatile memory subsystem. 

[0069] Also described herein is a method for managing a memory module further comprising 

aborting the copy operation when the closed block of the volatile memory subsystem is re-

opened, and erasing the target block in the non-volatile memory subsystem. 

[0070] Also described herein is a memory system having a volatile memory subsystem, a non-

volatile memory subsystem, a controller coupled to the non-volatile memory subsystem, and a circuit 

coupled to the volatile memory subsystem, to the controller, and to a host system. In a first mode of 

operation, the circuit is operable to selectively isolate the controller from the volatile memory subsystem, 

and to selectively couple the volatile memory subsystem to the host system to allow data to be 

communicated between the volatile memory subsystem and the host system. In a second mode of 

operation, the circuit is operable to selectively couple the controller to the volatile memory subsystem to 
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allow data to be communicated between the volatile memory subsystem and the nonvolatile memory 

subsystem using the controller, and the circuit is operable to selectively isolate the volatile memory 

subsystem from the host system. 

[0071] Also described herein is a method for operating a memory system. The method includes 

coupling a circuit to a host system, a volatile memory subsystem, and a controller, wherein the controller 

is coupled to a non-volatile memory subsystem. In a first mode of operation that allows data to be 

communicated between the volatile memory subsystem and the host system, the circuit is used to (i) 

selectively isolate the controller from the volatile memory subsystem, and (ii) selectively couple the 

volatile memory subsystem to the host system. In a second mode of operation that allows data to be 

communicated between the volatile memory subsystem and the nonvolatile memory subsystem via the 

controller, the circuit is used to (i) selectively couple the controller to the volatile memory subsystem, and 

(ii) selectively isolate the volatile memory subsystem from the host system. 

[0072] Also described herein is a nontransitory computer readable storage medium storing one or 

more programs configured to be executed by one or more computing devices. The programs, when 

executing on the one or more computing devices, cause a circuit that is coupled to a host system, to a 

volatile memory subsystem, and to a controller that is coupled to a nonvolatile memory subsystem, to 

perform a method in which, in a first mode of operation that allows data to be communicated between the 

volatile memory subsystem and the host system, operating the circuit to (i) selectively isolate the 

controller from the volatile memory subsystem, and (ii) selectively couple the volatile memory subsystem 

to the host system. In a second mode of operation that allows data to be communicated between the 

volatile memory subsystem and the nonvolatile memory subsystem via the controller, operating the 

circuit to (i) selectively couple the controller to the volatile memory subsystem, and (ii) selectively isolate 

the volatile memory subsystem from the host system. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0073] The accompanying drawings, which are incorporated into and constitute a part of 

this specification, illustrate one or more examples of embodiments and, together with the 

description of example embodiments, serve to explain the principles and implementations of the 

embodiments. 

[0074] In the drawings: 

FIG. 1 is a block diagram illustrating the path of data transfer, via a CPU, of a 

conventional memory arrangement; 

FIG. 2 is a block diagram of a known EcoRAIV1TM architecture; 

FIGS. 3A and 3B are block diagrams of a non-volatile memory DIMM or 

NVDIMM; 

FIGS. 4A and 4B are block diagrams of a Flash-DRAM hybrid DIMM or 

FDHDIMM; 

FIG. 5A is a block diagram of a memory module 500 in accordance with certain 

embodiments described herein; 

FIG. 5B is a block diagram showing some functionality of a memory module such 

as that shown in FIG. 5A; 

FIG. 6 is a block diagram showing some details of the data manager (DMgr); 

FIG. 7 is a functional block diagram of the on-module controller (CDC); 

FIG. 8A is a block diagram showing more details of the prior art Flash-DRAM 

hybrid DIMM (FDHDIMM) of FIGS. 4A and 4B; 
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FIG. 8B is a block diagram of a Flash-DRAM hybrid DIMM (FDHDIMM) in 

accordance with certain embodiments disclosed herein; 

FIG. 9 is a flow diagram directed to the transfer of data from Flash memory to 

DRAM memory and vice versa in an exemplary FDHDIMM; 

FIG. 10 is a block diagram showing an example of mapping of DRAM address 

space to Flash memory address space; and 

FIG. 11 is a table showing estimates of the maximum allowed closed blocks in a queue to be 

written back to Flash memory for different DRAM densities using various average block use 

time. 

FIG. 12 is a block diagram of an example memory system compatible with certain 

embodiments described herein. 

FIG. 13 is a block diagram of an example memory module with ECC (error-correcting 

code) having a volatile memory subsystem with nine volatile memory elements and a non-volatile 

memory subsystem with five non-volatile memory elements in accordance with certain embodiments 

described herein. 

FIG. 14 is a block diagram of an example memory module having a microcontroller unit 

and logic element integrated into a single device in accordance with certain embodiments described 

herein. 

FIGS. 15A-15C schematically illustrate example embodiments of memory systems 

having volatile memory subsystems comprising registered dual in-line memory modules in accordance 

with certain embodiments described herein. 

FIG. 16 schematically illustrates an example power module of a memory system in 

accordance with certain embodiments described herein. 
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FIG. 17 is a flowchart of an example method of providing a first voltage and a second 

voltage to a memory system including volatile and non-volatile memory subsystems. 

FIG. 18 is a flowchart of an example method of controlling a memory system 

operatively coupled to a host system and which includes at least 100 percent more storage capacity in 

non-volatile memory than in volatile memory. 

FIG. 19 schematically illustrates an example clock distribution topology of a memory 

system in accordance with certain embodiments described herein. 

FIG. 20 is a flowchart of an example method of controlling a memory system 

operatively coupled to a host system, the method including operating a volatile memory subsystem at a 

reduced rate in a back-up mode. 

FIG. 21 schematically illustrates an example topology of a connection to transfer data 

slices from two DRAM segments of a volatile memory subsystem of a memory system to a controller of 

the memory system. 

FIG. 22 is a flowchart of an example method of controlling a memory system 

operatively coupled to a host system, the method including backing up and/or restoring a volatile memory 

subsystem in slices. 

DESCRIPTION OF EXAMPLE EMBODIMENTS 

[0075] Example embodiments are described herein in the context of a system of 

computers, servers, controllers, memory modules, hard disk drives and software. Those of 

ordinary skill in the art will realize that the following description is illustrative only and is not 

intended to be in any way limiting. Other embodiments will readily suggest themselves to such 

skilled persons having the benefit of this disclosure. Reference will now be made in detail to 
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implementations of the example embodiments as illustrated in the accompanying drawings. The 

same reference indicators will be used to the extent possible throughout the drawings and the 

following description to refer to the same or like items. 

[0076] In the interest of clarity, not all of the routine features of the implementations 

described herein are shown and described. It will, of course, be appreciated that in the 

development of any such actual implementation, numerous implementation-specific decisions 

must be made in order to achieve the developer's specific goals, such as compliance with 

application- and business-related constraints, and that these specific goals will vary from one 

implementation to another and from one developer to another. Moreover, it will be appreciated 

that such a development effort might be complex and time-consuming, but would nevertheless be 

a routine undertaking of engineering for those of ordinary skill in the art having the benefit of 

this disclosure. 

[0077] In accordance with this disclosure, the components, process steps, and/or data 

structures described herein may be implemented using various types of operating systems, 

computing platforms, computer programs, and/or general purpose machines. In addition, those 

of ordinary skill in the art will recognize that devices of a less general purpose nature, such as 

hardwired devices, field programmable gate arrays (FPGAs), application specific integrated 

circuits (ASICs), or the like, may also be used without departing from the scope and spirit of the 

inventive concepts disclosed herein. Where a method comprising a series of process steps is 

implemented by a computer or a machine and those process steps can be stored as a series of 

instructions readable by the machine, they may be stored on a tangible medium such as a 

computer memory device (e.g., ROM (Read Only Memory), PROM (Programmable Read Only 
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Memory), EEPROM (Electrically Eraseable Programmable Read Only Memory), Flash memory, 

Jump Drive, and the like), magnetic storage medium (e.g., tape, magnetic disk drive, and the 

like), optical storage medium (e.g., CD-ROM, DVD-ROM, paper card, paper tape and the like) 

and other types of program memory. 

[0078] The term "exemplary" where used herein is intended to mean "serving as an 

example, instance or illustration." Any embodiment described herein as "exemplary" is not 

necessarily to be construed as preferred or advantageous over other embodiments. 

[0079] Disclosed herein are arrangements for improving memory access rates and addressing 

the high disparity (15 to 1 ratio) between the read and write data throughput rates. In one 

arrangement, a Flash-DRAM-hybrid DIMM (FDHDIMM) with integrated Flash and DRAM is 

used. Methods for controlling such an arrangement are described. 

[0080] In certain embodiments, the actual memory density (size or capacity) of the DIMM 

and/or the ratio of DRAM memory to Flash memory are configurable for optimal use with a 

particular application (for example, POS, inter-bank transaction, stock market transaction, 

scientific computation such as fluid dynamics for automobile and ship design, weather 

prediction, oil and gas expeditions, medical diagnostics such as diagnostics based on the fuzzy 

logic, medical data processing, simple information sharing and searching such as web search, 

retail store website, company home page, email or information distribution and archive, security 

service, and entertainment such as video-on-demand). 
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[0081] In certain embodiments, the device contains a high density Flash memory with a low 

density DRAM, wherein the DRAM is used as a data buffer for read/write operation. The Flash 

serves as the main memory. Certain embodiments described herein overcome the needs of 

having a long separation period between an Activate command (may be referred to as RAS) and 

a corresponding read or write command (may be referred to as first CAS command). 

[0082] In accordance with one embodiment, described with reference to FIGS. 3A and 3B, a 

memory system 300 includes a non-volatile (for example Flash) memory subsystem 302 and a 

volatile (for example DRAM) memory subsystem 304. The examples of FIGS. 3A and 3B are 

directed to architectures of a non-volatile DIMM (NVDIMM) NVDIMM system that may use a 

power subsystem (not shown) that can include a battery or a capacitor as a means for energy 

storage to copy DRAM memory data into Flash memory when power loss occurs, is detected, or 

is anticipated to occur during operation. When normal power is restored, a restore NVDIMM 

operation is initiated and the data stored in the Flash memory is properly restored to the DRAM 

memory. In this architecture, the density of the Flash is about the same as the DRAM memory 

size or within a few multiples, although in some applications it may be higher. This type of 

architecture may also be used to provide non-volatile storage that is connected to the FSB (front 

side bus) to support RAID (Redundant Array of Independent Disks) based systems or other type 

of operations. An NVDIMM controller 306 receives and interprets commands from the system 

memory controller hub (MCH). The NVDIMM controller 306 control the NVDIMM DRAM 

and Flash memory operations. In FIG. 3A, the DRAM 304 communicates data with the MCH, 

while an internal bus 308 is used for data transfer between the DRAM and Flash memory 

subsystems. In FIG. 3B, the NVDIMM controller 306' of NVDIMM 300' monitors events or 
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commands and enables data transfer to occur in a first mode between the DRAM 304' and Flash 

302' or in a second mode between the DRAM and the MCH. 

[0083] In accordance with one embodiment, a general architecture for a Flash and DRAM 

hybrid DIMM (FDHDIMM) system 400 is shown in FIG. 4A. The FDHDIMM interfaces with 

an MCH (memory controller hub) to operate and behave as a high density DIMM, wherein the 

MCH interfaces with the non-volatile memory subsystem (for example Flash) 402 is controlled 

by an FDHDIMM controller 404. Although the MCH interfaces with the Flash via the 

FDHDIMM controller, the FDHDIMM overall performance is governed by the Flash access 

time. The volatile memory subsystem (for example DRAM) 406 is primarily used as a data 

buffer or a temporary storage location such that data from the Flash memory 402 is transferred to 

the DRAM 406 at the Flash access speed, and buffered or collected into the DRAM 406, which 

then transfers the buffered data to the MCH based on the access time of DRAM. Similarly, 

when the MCH transfers data to the DRAM 406, the FDHDIMM controller 404 manages the 

data transfer from the DRAM 406 to the Flash 402. Since the Flash memory access speed (both 

read and write) is relatively slower than DRAM, (e.g. for example a few hundred microseconds 

for read access), the average data throughput rate of FDHDIMM 400 is limited by the Flash 

access speed. The DRAM 406 serves as a data buffer stage that buffers the MCH read or write 

data. Thus, the DRAM 406 serves as a temporary storage for the data to be transferred from/to 

the Flash 402. Furthermore, in accordance with one embodiment, the MCH recognizes the 

physical density of an FDHDIMM operating as a high density DIMM as the density of Flash 

alone. 
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[0084] In accordance with one embodiment, a read operation can be performed by the MCH 

by sending an activate command (may be simply referred to as RAS, or row address strobe) to 

the FDHDIMM 400 to conduct a pre-fetch read data operation from the Flash 402 to the DRAM 

406, with the pre-fetch data size being for example a page (1KB or 2KB, or may be 

programmable to any size). The MCH then sends a read command (may be simply referred to as 

CAS, or column address strobe) to read the data out input of the DRAM. In this embodiment, the 

data transfer from Flash to DRAM occurs at Flash access speed rates, while data transfer from 

DRAM to MCH occurs at DRAM access speed rates. In this example, data latency and 

throughput rates are the same as any DRAM operation as long as the read operations are 

executed onto the pages that were opened with the activate command previously sent to pre-fetch 

data from the Flash to DRAM. Thus, a longer separation time period between the RAS (e.g. 

Activate command) and the first CAS (column address strobe e.g. read or write command) is 

required to account for the time it takes to pre-fetch data from the Flash to DRAM. 

[0085] An example of FDHDIMM operating as a DDR DIMM with SSD is shown in FIG. 

4B, wherein the FDHDIMM 400' supports two different interface interpretations to the MCH. In 

the first interface interpretation, the MCH views the FDHDIMM 400' as a combination of 

DRAM DIMM and SSD (not illustrated). In this mode the MCH needs to manage two address 

spaces, one for the DRAMs 402' and one for the Flash 404'. The MCH is coupled to, and 

controls, both of the DRAM and Flash memory subsystems. One advantage of this mode is that 

the CPU does not need to be in the data path when data is moved from DRAM to Flash or from 

Flash to DRAM. In the second interface interpretation, the MCH views the FDHDIMM 400' as 

an on-DIMM Flash with the SSD in an extended memory space that is behind the DRAM space. 

Thus, in this mode, the MCH physically fetches data from the SSD to the DDR DRAM and then 
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the DRAM sends the data to the MCH. Since all data movement occurs on the FDHDIMM, this 

mode will provide better performance than if the data were to be moved through or via the CPU. 

[0086] In accordance with one embodiment and as shown in FIG. 4B, the FDHDIMM 400' 

receives control signals 408 from the MCH, where the control signals may include one or more 

control signals specifically for the DRAM 402' operation and one or more control signals 

specifically for the Flash 404' operation. In this embodiment, the MCH or CPU is coupled to the 

FDHDIMM via a single data bus interface 410 which couples the MCH to the DRAM. 

[0087] FIGS. 5A and 5B are block diagrams of a memory module 500 that is couplable to a 

host system (not shown). The host system may be a server or any other system comprising a 

memory system controller or an MCH for providing and controlling the read/write access to one 

or more memory systems, wherein each memory system may include a plurality of memory 

subsystems, a plurality of memory devices, or at least one memory module. The term 

"read/write access" means the ability of the MCH to interface with a memory system or 

subsystem in order to write data into it or read data from it, depending on the particular 

requirement at a particular time. 

[0088] In certain embodiments, memory module 500 is a Flash-DRAM hybrid memory 

subsystem which may be integrated with other components of a host system. In certain 

embodiments, memory module 500 is a Flash-DRAM hybrid memory module that has the 

DIMM (dual-inline memory module) form factor, and may be referred to as a FDHDIMM, 

although it is to be understood that in both structure and operation it may be different from the 

FDHDIMM discussed above and described with reference to FIGS. 4A and 4B. Memory 
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module 500 includes two on-module intermediary components: a controller and a data manager. 

These on-module intermediary components may be physically separate components, circuits, or 

modules, or they may be integrated onto a single integrated circuit or device, or integrated with 

other memory devices, for example in a three dimensional stack, or in any one of several other 

possible expedients for integration known to those skilled in the art to achieve a specific design, 

application, or economic goal. In the case of a DIMM, these on-module intermediary 

components are an on-DIMM Controller (CDC) 502 and an on-DIMM data manager (DMgr) 

504. While the DIMM form factor will predominate the discussion herein, it should be 

understood that this is for illustrative purposes only and memory systems using other form 

factors are contemplated as well. CDC 502 and data manager DMgr 504 are operative to manage 

the interface between a non-volatile memory subsystem such as a Flash 506, a volatile memory 

subsystem such as a DRAM 508, and a host system represented by MCH 510. 

[0089] In certain embodiments, CDC 502 controls the read/write access to/from Flash 

memory 506 from/to DRAM memory 508, and to/from DRAM memory from/to MCH 510. 

Read/write access between DRAM 508, Flash 506 and MCH 510 may be referred to herein 

generally as communication, wherein control and address information C/A 560 is sent from 

MCH 510 to CDC 502, and possible data transfers follow as indicated by Data 550, Data 555, 

and/or Data 556. In certain embodiments, the CDC 502 performs specific functions for memory 

address transformation, such as address translation, mapping, or address domain conversion, 

Flash access control, data error correction, manipulation of data width or data formatting or data 

modulation between the Flash memory and DRAM, and so on. In certain embodiments, the 

CDC 502 ensures that memory module 500 provides transparent operation to the MCH in 

accordance with certain industry standards, such as DDR, DDR2, DDR3, DDR4 protocols. In 
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the arrangement shown in FIGS. 5A and 5B, there is no direct access from the MCH 510 to the 

Flash 506 memory subsystem. Thus in accordance with certain embodiments, the Flash access 

speed has minimal impact on the overall FDHDIMM access speed. In the schematic illustration 

of FIG. 5B and in accordance with one embodiment, the CDC controller 502 receives standard 

DDR commands from the MCH, interprets, and produces commands and/or control signals to 

control the operation of the Data manager (DMgr), the Flash memory and the DRAM memory. 

The DMgr controls the data path routing amongst DRAMs, Flash and MCH, as detailed below. 

The data path routing control signals are independently operated without any exclusivity. 

[0090] An exemplary role of DMgr 504 is described with reference to FIG. 6. In certain 

embodiments and in response to communication from CDC 502, DMgr 504 provides a variety of 

functions to control data flow rate, data transfer size, data buffer size, data error monitoring or 

data error correction. For example, these functions or operations can be performed on-the-fly 

(while data is being transferred via the DMgr 504) or performed on buffered or stored data in 

DRAM or a buffer. In addition, one role of DMgr 504 is to provide interoperability among 

various memory subsystems or components and/or MCH 510. 

[0091] In one embodiment, an exemplary host system operation begins with initialization. 

The CDC 502 receives a first command from the MCH 510 to initialize FDHDIMM 500 using a 

certain memory space. The memory space as would be controlled by MCH 510 can be 

configured or programmed during initialization or after initialization has completed. The MCH 

510 can partition or parse the memory space in various ways that are optimized for a particular 

application that the host system needs to run or execute. In one embodiment, the CDC 502 maps 

the actual physical Flash 506 and DRAM 508 memory space using the information sent by MCH 
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510 via the first command. In one embodiment, the CDC 502 maps the memory address space 

of any one of the Flash 506 and DRAM 508 memory subsystems using memory address space 

information that is received from the host system, stored in a register within FDHDIMNI 500, or 

stored in a memory location of a non-volatile memory subsystem, for example a portion of Flash 

506 or a separate non-volatile memory subsystem. In one embodiment, the memory address 

space information corresponds to a portion of initialization information of the FDHDIMM 500. 

[0092] In one embodiment, MCH 510 may send a command to restore a certain amount of 

data information from Flash 506 to DRAM 508. The CDC 502 provides control information to 

DMgr 504 to appropriately copy the necessary information from Flash 506 to the DRAM 508. 

This operation can provide support for various host system booting operations and/or a special 

host system power up operation. 

[0093] In one embodiment, MCH 510 sends a command which may include various fields 

comprising control information regarding data transfer size, data format options, and/or startup 

time. CDC 502 receives and interprets the command and provides control signals to DMgr 504 to 

control the data traffic between the Flash 506, the DRAM 508, and the MCH 510. For example, 

DMgr 504 receives the data transfer size, formatting information, direction of data flow (via one 

or more multiplexers such as 611, 612, 621, 622 as detailed below), and the starting time of the 

actual data transfer from CDC 502. DMgr 504 may also receive additional control information 

from the CDC 502 to establish a data flow path and/or to correctly establish the data transfer 

fabric. In certain embodiments, DMgr 504 also functions as a bi-directional data transfer fabric. 

For example, DMgr 504 may have more than 2 sets of data ports facing the Flash 506 and the 

DRAM 508. Multiplexers 611 and 612 provide controllable data paths from any one of the 
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DRAMs 508(1) and 508(2) (DRAM-A and DRAM-B) to any one of the MCH 510 and the Flash 

506. Similarly multiplexers 621 and 622 provide controllable data paths from any one of the 

MCH and the Flash memory to any one of the DRAMs 508(1) and 508(2) (DRAM-A and 

DRAM-B). In one embodiment, DRAM 508(1) is a segment of DRAM 508, while in other 

embodiments, DRAM 508(1) is a separate DRAM memory subsystem. It will be understood that 

each memory segment can comprise one or more memory circuits, a memory devices, and/or 

memory integrated circuits. Of course other configurations for DRAM 508 are possible, and 

other data transfer fabrics using complex data paths and suitable types of multiplexing logic are 

contemplated. 

[0094] In accordance with one embodiment, the two sets of multiplexors 611, 612 and 621, 

622 allow independent data transfer to Flash 506 from DRAM-A 508(1) and DRAM-B 508(2). 

For example, in response to one or more control signals or a command from CDC 502, DMgr 

504 can transfer data from DRAM-A 508(1) to MCH 510, via multiplexer 611, at the same time 

as from DRAM-B 508(2) to the Flash 506, via multiplexer 612; or data is transferred from 

DRAM-B 508(2) to MCH 510, via multiplexer 611, and simultaneously data is transferred from 

the Flash 506 to DRAM-A 508(1), via multiplexer 621. Further, in the same way that data can 

be transferred to or from the DRAM in both device-wide or segment-by-segment fashion, data 

can be transferred to or from the flash memory in device-wide or segment-by-segment fashion, 

and the flash memory can be addressed and accessed accordingly. 

[0095] In accordance with one embodiment the illustrated arrangement of data transfer fabric 

of DMgr 504 also allows the CDC 502 to control data transfer from the Flash memory to the 

MCH by buffering the data from the Flash 506 using a buffer 602, and matching the data rate 
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and/or data format of MCH 510. The buffer 602 is shown in FIG. 6 as a portion of a data format 

module 604; however, buffer 602 may also be a distributed buffer such that one buffer is used for 

each one of the set of multiplexer logic elements shown as multiplexers 611, 612, 621, and 622. 

Various buffer arrangements may be used, such as a programmable size buffer to meet the 

requirement of a given system design requirement, for example the disparity between read/write 

access time; or overall system performance, for example latency. In certain embodiments, the 

buffer 604 may introduce one or more clock cycle delays into a data communication path 

between MCH 510, DRAM 508, and Flash 506. 

[0096] In certain embodiments, data format module 604 contains a data formatting 

subsystem (not shown) to enable DMgr 504 to format and perform data transfer in accordance 

with control information received from CDC502. Data buffer 604 of data format module 602, 

discussed above, also supports a wide data bus 606 coupled to the Flash memory 506 operating 

at a first frequency, while receiving data from DRAM 508 using a relatively smaller width data 

bus 608 operating at a second frequency, the second frequency being larger than the first 

frequency in certain embodiments. The buffer 602 is designed to match the data flow rate 

between the DRAM 508 and the Flash 506. 

[0097] A register 690 provides the ability to register commands received from MCH 510 via 

C/A 560 (FIG. 5A). The register 690 may communicate these commands to CDC 502 and/or to 

the DRAM 508 and/or Flash 506. The register 690 communicates these registered commands to 

CDC 502 for processing. The register 690 may also include multiple registers (not shown), such 

that it can provide the ability to register multiple commands, a sequence of commands, or 
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provide a pipeline delay stage for buffering and providing a controlled execution of certain 

commands received form MCH 510. 

[0098] In certain embodiments, the register 690 may register commands from MCH 510 and 

transmit the registered commands to DRAM 508 and/or Flash 506 memory subsystems. In 

certain embodiments, the CDC 502 monitors commands received from MCH 510, via control 

and address bus C/A 560, and provides appropriate control information to DMgr 504, DRAM 

508, or Flash 506 to execute these commands and perform data transfer operations between 

MCH 510 and FDHDIMM 500 via MCH data bus 610. 

[0099] FIG. 7 illustrates a functional block diagram of the CDC 502. In certain 

embodiments, the major functional blocks of the CDC 502 are a DRAM control block 

DRAMCtrl 702, Flash control block FlashCtrl 704, MCH command interpreter CmdInt 706, 

DRAM-Flash interface scheduler Scheduler 708, and DMgr control block (DMgrCtrl) 710. 

[00100] In accordance with one embodiment, DRAMCtrl 702 generates DRAM commands 

that are independent from the commands issued by the MCH 510. In accordance with one 

embodiment, when the MCH 510 initiates a read/write operation from/to the same DRAM 508 

that is currently executing a command from the DRAMCtrl 702, then the CDC 502 may choose 

to instruct DRAMCtrl 702 to abort its operation in order to execute the operation initiated by the 

MCH. However, the CDC 502 may also pipeline the operation so that it causes DRAMCtrl 702 

to either halt or complete its current operation prior to executing that of the MCH. The CDC 502 

may also instruct DRAMCtrl 702 to resume its operation once the command from MCH 510 is 

completed. 
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[00101] In accordance with one embodiment, the FlashCtrl 704 generates appropriate Flash 

commands for the proper read/write operations. The Cmdlnt 706 intercepts commands received 

from MCH 510 and generates the appropriate control information and control signals and 

transmit them to the appropriate FDHDIMM functional block. For example, Cmdlnt 706 issues 

an interrupt signal to the DRAMCtrl 702 when the MCH issues a command that collides 

(conflicts) with the currently executing or pending commands that DRAMCtrl 702 has initiated 

independently from MCH 510, thus subordinating these commands to those from the MCH. The 

Scheduler 708 schedules the Flash—DRAM interface operation such that there is no resource 

conflict in the DMgr 504. In accordance with one embodiment, the Scheduler 708 assigns time 

slots for the DRAMCtrl 702 and FlashCtrl 704 operation based on the current status and the 

pending command received or to be received from the MCH. The DMgrCtrl 710 generates and 

sends appropriate control information and control signals for the proper operation and control of 

the data transfer fabric to enable or disable data paths between Flash 506, DRAM 508, and the 

MCH 510. 

[00102] FIG. 8A is a block diagram showing a Flash-DRAM hybrid DIMM (FDHDIMM). As 

seen from FIG. 8A, this Flash-DRAM hybrid DIMM requires two separate and independent 

address buses to separately control the address spaces: one for the Flash memory Flash 506 and 

the other for the DRAM memory DRAM 508. The MCH treats the DRAM 508 and Flash 506 as 

separate memory subsystems, for example DRAM and SSD/HD memory subsystems. The 

memory in each address space is controlled directly by the MCH. However, the on-DIMM data 

path between Flash 506 and DRAM 508 allows for direct data transfer to occur between the 

Flash 506 and the DRAM 508 in response to control information from Ctrl 502. In this 

embodiment, this data transfer mechanism provides direct support for executing commands from 
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the MCH without having the MCH directly controlling the data transfer, and thus improving data 

transfer performance from Flash 506 to the DRAM 508. However, the MCH needs to manage 

two address spaces and two different memory protocols simultaneously. Moreover, the MCH 

needs to map the DRAM memory space into the Flash memory space, and the data interface time 

suffers due to the difference in the data access time between the Flash memory and the DRAM 

memory. 

[00103] In accordance with one embodiment, a memory space mapping of a Flash-DRAM 

hybrid DIMM is shown in FIG. 8B. A memory controller of a host system (not shown) controls 

both of the DRAM 508 address space and the Flash 506 address space using a single unified 

address space. The CDC 502 receives memory access commands from the MCH and generates 

control information for appropriate mapping and data transfer between Flash and DRAM 

memory subsystem to properly carry out the memory access commands. In one embodiment, 

the memory controller of the host system views the large Flash memory space as a DRAM 

memory space, and accesses this unified memory space with a standard DDR (double data rate) 

protocol used for accessing DRAM. The unified memory space in this case can exhibit 

overlapping memory address space between the Flash 506 and the DRAM 508. The overlapping 

memory address space may be used as a temporary storage or buffer for data transfer between 

the Flash 506 and the DRAM 508. For example, the DRAM memory space may hold a copy of 

data from the selected Flash memory space such that the MCH can access this data normally via 

DDR memory access commands. The CDC 502 controls the operation of the Flash 506 and 

DRAM 508 memory subsystems in response to commands received from a memory controller of 

a host system. 
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[00104] In one embodiment, the unified memory space corresponds to a contiguous address 

space comprising a first portion of the address space of the Flash 506 and a first portion of the 

address space of the DRAM 508. The first portion of the address space of the Flash 506 can be 

determined via a first programmable register holding a first value corresponding to the desired 

Flash memory size to be used. Similarly, the first portion of the address space of the DRAM 508 

can be determined via a second programmable register holding a second value corresponding to 

the desired DRAM memory size to be used. In one embodiment, any one of the first portion of 

the address space of the Flash 506 and the first portion of the address space of the DRAM 508 is 

determined via a first value corresponding to a desired performance or memory size, the first 

value being received by the CDC 502 via a command sent by memory controller of the host 

system. 

[00105] In accordance with one embodiment, a flow diagram directed to the transfer of data 

from Flash memory to DRAM memory and vice versa in an exemplary FDHDIMM is shown in 

Fig. 9. In certain embodiments, data transfer from the Flash 506 to the DRAM 508 occurs in 

accordance with memory access commands which the CDC 502 receives from the memory 

controller of the host system. In certain embodiments, the CDC 502 controls the data transfer 

from the DRAM 508 to the Flash 506 so as to avoid conflict with any memory operation that is 

currently being executed. For example, when all the pages in a particular DRAM memory block 

are closed. The CDC 502 partitions the DRAM memory space into a number of blocks for the 

purpose of optimally supporting the desired application. The controller can configure memory 

space in the memory module based on at least one of one or more commands received from the 

MCH, instructions received from the MCH, a programmable value written into a register, a value 

corresponding to a first portion of the volatile memory subsystem, a value corresponding to a 
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first portion of the non-volatile memory subsystem, and a timing value. Furthermore, the block 

size can be configurable by the memory controller of the host system, such that the number 

pages in a block can be optimized to support a particular application or a task. Furthermore, the 

block size may be configured on-the-fly, e.g. CDC 502 can receive instruction regarding a 

desired block size from the memory controller via a memory command, or via a programmable 

value. 

[00106] In certain embodiments, a memory controller can access the memory module using a 

standard access protocol, such as JEDEC's DDR DRAM, by sending a memory access command 

to the CDC 502 which in turn determines what type of a data transfer operation it is and the 

corresponding target address where the data information is stored, e.g. data information is stored 

in the DRAM 508 or Flash 506 memory subsystems. In response to a read operation, if the CDC 

502 determines that data information, e.g. a page (or block), does not reside in the DRAM 508 

but resides in Flash 506, then the CDC 502 initiates and controls all necessary data transfer 

operations from Flash 506 to DRAM 508 and subsequently to the memory controller. In one 

embodiment, once the CDC 502 completes the data transfer operation of the requested data 

information from the Flash 506 to the DRAM 508, the CDC 502 alerts the memory controller to 

retrieve the data information from the DRAM 508. In on embodiment, the memory controller 

initiates the copying of data information from Flash 506 to DRAM 508 by writing, into a register 

in the CDC 502, the target Flash address along with a valid block size. The CDC 502 in turn, 

executes appropriate operations and generates control information to copy the data information 

to the DRAM 508. Consequently, the memory controller can access or retrieve the data 

information using standard memory access commands or protocol. 
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[00107] An exemplary flow chart is shown in FIG. 9, a starting step or power up 902, is 

followed by an initialization step 904, the memory controller initiates, at step 906, a data move 

from the Flash 506 to the DRAM 508 by writing target address and size, to a control register in 

the CDC 502, which then copies, at 908, data information from the Flash 506 to the DRAM 508 

and erases the block in the Flash. Erasing the data information from Flash may be accomplished 

independently from (or concurrently with) other steps that CDC 502 performs in this flow chart, 

i.e. other steps can be executed concurrently with the Erase the Flash block step. Once the data 

information or a block of data information is thus moved to the DRAM 508, the memory 

controller can operate on this data block using standard memory access protocol or commands at 

910. The CDC 502 checks, at 912, if any of the DRAM 508 blocks, or copied blocks, are closed. 

If the memory controller closed any open blocks in DRAM 508, then the CDC 502 initiate a 

Flash write to write the closed block from the DRAM 508 to the Flash 506, at 914. In addition, 

the memory controller, at 916, reopens the closed block that is currently being written into the 

Flash 506, then the CDC 502 stops the Flash write operation and erases the Flash block which 

was being written to, as shown at 918. Otherwise, the CDC 502 continues and completes the 

writing operation to the Flash at 920. 

[00108] The dashed lines in FIG. 9 indicate independent or parallel activities that can be 

performed by the CDC 502. At any time the CDC 502 receives a DRAM load command from a 

memory controller which writes a Flash target address and/or block size information into the RC 

register(s) at 922, as described above, then the CDC 502 executes a load DRAM w/RC step 906 

and initiates another branch (or a thread) of activities that includes steps 908 - 922. In one 

embodiment, the CDC 502 controls the data transfer operations between DRAM 508 and Flash 

506 such that the Flash 506 is completely hidden from the memory controller. The CDC 502 
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monitors all memory access commands sent by the memory controller using standard DRAM 

protocol and appropriately configures and manipulate both Flash 506 and DRAM 508 memory 

subsystems to perform the requested memory access operation and thus achieve the desired 

results. The memory controller does not interface directly with the Flash memory subsystem. 

Instead, the memory controller interfaces with the CDC 502 and/or DMgr 504 as shown in Fig. 5 

and Fig. 6. Moreover, the memory controller may use one or more protocol, such as DDR, 

DDR2, DDR3, DDR4 protocols or the like. 

[00109] In accordance with one embodiment, an example of mapping a DRAM address space 

to Flash memory address space is shown in FIG. 10. Two sets (1002, 1004) of address bits AD6 

to AD17, forming a 24 bit extended memory page address, are allocated for the block address. 

For example, assuming a Block size of 256K Bytes, then a 24-bit block address space (using the 

two sets of AD6 to AD17 1002 and 1004) would enable access to 4TB of Flash memory storage 

space. If a memory module has 1GB of DRAM storage capacity, then it can hold approximately 

4K Blocks of data in the DRAM memory, each Block comprise 256 K Bytes of data. The 

DRAM address space, corresponding to the 4K blocks, can be assigned to different virtual ranks 

and banks, where the number of virtual ranks and banks is configurable and can be manipulated 

to meet a specific design or performance needs. For example, if a 1G Bytes memory module is 

configured to comprise two ranks with eight banks per rank, then each bank would hold two 

hundred fifty (250) blocks or the equivalent of 62 M Bytes or 62K pages, where each page 

correspond to a 1K Bytes. Other configurations using different page, block, banks, or ranks 

numbers may also be used. Furthermore, an exemplary mapping of 24-bit DDR DIMM block 

address to Flash memory address, using Block addressing as described above, is shown in Fig. 

10. The 24-bit can be decomposed into fields, such as a logical unit number LUN address 1061 

38 

Samsung Electronics Co., Ltd.
Ex. 1002, p. 66



Atty Docket No.: 0016.001000H 

field, a Block address 1051 field, a Plane address 1041, a Page address 1031, and a group of least 

significant address bits AoAi 1021. The Plane address 1041 is a sub address of the block address, 

and it may be used to support multiple page IO so as to improve Flash memory subsystem 

operation. In this example, it is understood that different number of bits may be allocated to each 

field of the 24-bit 

[00110] The CDC 502 manages the block write-back operation by queuing the blocks that are 

ready to be written back to the Flash memory. As described above, if any page in a queued 

block for a write operation is reopened, then the CDC 502 will stop the queued block write 

operation, and remove the block from the queue. Once all the pages in a block are closed, then 

the CDC 502 restarts the write-back operation and queue the block for a write operation. 

[00111] In accordance with one embodiment, an exemplary read operation from Flash 506 to 

DRAM 508 can be performed in approximately 400µs, while a write operation from DRAM 508 

to Flash 506 can be performed in approximately 22ms resulting in a read to write ratio of 55 to 1. 

Therefore, if the average time a host system's memory controller spends accessing data 

information in a Block of DRAM is about 22ms (that is the duration that a Block comprises one 

or more pages that are open), then the block write-back operation from DRAM to Flash would 

not impact performance and hence the disparity between read and write access may be 

completely hidden from the memory controller. If the block usage time is llms instead of 22ms, 

then the CDC 502 control the data transfer operation between DRAM 508 and Flash 506 such 

that there are no more than 9 closed blocks in the queue to be written-back to the Flash memory, 

hence approximately an average of 100ms can be maintained for a standard DDR DRAM 

operation. Moreover, the number of closed Blocks in the queue to be written-back to the Flash 
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memory subsystem varies with the average block usage time and the desired performance for a 

specific host system or for a specific application running using the host system resources. 

[00112] Consequently, the maximum number of closed Blocks to be written-back to Flash can 

be approximated to be 

((#of blocks per bank)/(ratio of `Flash block write time' to 'Flash read time'))*( 

(Block usage time)/( `Flash block write time')) 

[00113] In order to maintain less than 100ms time period for queued write-back Blocks, then 

using a Flash memory subsystem having 22ms write access time per Block would results in a 

maximum number of four Blocks to be queued for write operation to Flash 506. Therefore, on 

average approximately 88ms (= 22ms * 4) for blocks means that each bank should not have more 

than four Blocks that need to be written back to the Flash 506. 

[00114] The above equation also indicates that bigger DRAM memory space can support 

shorter block usage times. For example, 2GB of DRAM memory allows the 8 closed blocks to 

be written-back to Flash. The table in FIG. 11 provides an estimation of the maximum allowed 

closed blocks in the queue to be written back to the Flash memory for different DRAM density 

using various average block use time. 

[00115] Certain embodiments described herein include a memory system which can 

communicate with a host system such as a disk controller of a computer system. The memory 

system can include volatile and non-volatile memory, and a controller. The controller backs up 
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the volatile memory using the non-volatile memory in the event of a trigger condition. Trigger 

conditions can include, for example, a power failure, power reduction, request by the host 

system, etc. In order to power the system in the event of a power failure or reduction, the 

memory system can include a secondary power source which does not comprise a battery and 

may include, for example, a capacitor or capacitor array. 

[00116] In certain embodiments, the memory system can be configured such that the 

operation of the volatile memory is not adversely affected by the non-volatile memory or by th 

controller when the volatile memory is interacting with the host system. For example, one or 

more isolation devices may isolate the non-volatile memory and the controller from the volatile 

memory when the volatile memory is interacting with the host system and may allow 

communication between the volatile memory and the non-volatile memory when the data of the 

volatile memory is being restored or backed-up. This configuration generally protects the 

operation of the volatile memory when isolated while providing backup and restore capability in 

the event of a trigger condition, such as a power failure. 

[00117] In certain embodiments described herein, the memory system includes a power 

module which provides power to the various components of the memory system from different 

sources based on a state of the memory system in relation to a trigger condition (e.g., a power 

failure). The power module may switch the source of the power to the various components in 

order to efficiently provide power in the event of the power failure. For example, when no power 

failure is detected, the power module may provide power to certain components, such as the 

volatile memory, from system power while charging a secondary power source (e.g., a capacitor 
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array). In the event of a power failure or other trigger condition, the power module may power 

the volatile memory elements using the previously charged secondary power source. 

[00118] In certain embodiments, the power module. transitions relatively smoothly from 

powering the volatile memory with system power to powering it with the secondary power 

source. For example, the power system may power volatile memory with a third power source 

from the time the memory system detects that power failure is likely to occur until the time the 

memory system detects that the power failure has actually occurred. 

[00119] In certain embodiments, the volatile memory system can be operated at a reduced 

frequency during backup and/or restore operations which can improve the efficiency of the 

system and save power. In some embodiments, during backup and/or restore operations, the 

volatile memory communicates with the non-volatile memory by writing and/or. reading data 

words in bit-wise slices instead of by writing entire words at once. In certain embodiments, when 

each slice is being written to or read from the volatile memory the unused slice(s) of volatile 

memory is not active, which can reduce the power consumption of the system. 

[00120] In yet other embodiments, the non-volatile memory can include at least 100 percent 

more storage capacity than the volatile memory. This configuration can allow the memory 

system to efficiently handle subsequent trigger conditions. 

[00121] FIG. 12 is a block diagram of an example memory system 1010 compatible with 

certain embodiments described herein. The memory system 1010 can be coupled to a host 

computer system and can include a volatile memory subsystem 1030, a non-volatile memory 
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subsystem 1040, and a controller 1062 operatively coupled to the non-volatile memory 

subsystem 1040. In certain embodiments, the memory system 1010 includes at least one circuit 

1052 configured to selectively operatively decouple the controller 1062 from the volatile 

memory subsystem 1030. 

[00122] In certain embodiments, the memory system 1010 comprises a memory module. The 

memory system 1010 may comprise a printed-circuit board (PCB) 1020. In certain embodiments, 

the memory system 1010 has a memory capacity of 512-MB, 1-GB, 2-GB, 4-GB, or 8-GB. Other 

volatile memory capacities are also compatible with certain embodiments described herein. In 

certain embodiments, the memory system 10 has a non-volatile memory capacity of 512-MB, 1-

GB, 2-GB, 4-GB, 8-GB, 16-GB, or 32-GB. Other non-volatile memory capacities are also 

compatible with certain embodiments described herein. In addition, memory systems 1010 

having widths of 4 bytes, 8 bytes, 16 bytes, 32 bytes, or 32 bits, 64 bits, 128 bits, 256 bits, as 

well as other widths (in bytes or in bits), are compatible with embodiments described herein. In 

certain embodiments, the PCB 1020 has an industry-standard form factor. For example, the PCB 

1020 can have a low profile (LP) form factor with a height of 30 millimeters and a width of 

133.35 millimeters. In certain other embodiments, the PCB 1020 has a very high profile (VHP) 

form factor with a height of 50 millimeters or more. In certain other embodiments, the PCB 1020 

has a very low profile (VLP) form factor with a height of 18.3 millimeters. Other form factors 

including, but not limited to, small-outline (SO-DIMM), unbuffered (UDIMM), registered 

(RDIMM), fully-buffered (FBDIMM), miniDIMM, mini-RDIMM, VLP mini-DIMM, micro-

DIMM, and SRAM DIMM are also compatible with certain embodiments described herein. For 

example, in other embodiments, certain non-DIMM form factors are possible such as, for 
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example, single in-line memory module (SIMM), multi-media card (MMC), and small computer 

system interface (SCSI). 

[00123] In certain preferred embodiments, the memory system 1010 is in electrical 

communication with the host system. In other embodiments, the memory system 1010 may 

communicate with a host system using some other type of communication, such as, for example, 

optical communication. Examples of host systems include, but are not limited to, blade servers, 

1U servers, personal computers (PCs), and other applications in which space is constrained or 

limited. The memory system 1010 can be in communication with a disk controller of a computer 

system, for example. The PCB 1020 can comprise an interface 1022 that is configured to be in 

electrical communication with the host system (not shown). For example, the interface 1022 can 

comprise a plurality of edge connections which fit into a corresponding slot connector of the host 

system. The interface 1022 of certain embodiments provides a conduit for power voltage as well 

as data, address, and control signals between the memory system 1010 and the host system. For 

example, the interface 1022 can comprise a standard 240-pin DDR2 edge connector. 

[00124] The volatile memory subsystem 1030 comprises a plurality of volatile memory 

elements 1032 and the non-volatile memory subsystem 1040 comprises a plurality of non-

volatile memory elements 1042. Certain embodiments described herein advantageously provide 

nonvolatile storage via the non-volatile memory subsystem 1040 in addition to high-performance 

(e.g., high speed) storage via the volatile memory subsystem 1030. In certain embodiments, the 

first plurality of volatile memory elements 1032 comprises two or more dynamic random-access 

memory (DRAM) elements. Types of DRAM elements 1032 compatible with certain 

embodiments described herein include, but are not limited to, DDR, DDR2, DDR3, and 
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synchronous DRAM (SDRAM). For example, in the block diagram of FIG. 12, the first memory 

bank 1030 comprises eight 64Mx8 DDR2 SDRAM elements 1032. The volatile memory 

elements 1032 may comprise other types of memory elements such as static random-access 

memory (SRAM). In addition, volatile memory elements 1032 having bit widths of 4, 8, 16, 32, 

as well as other bit widths, are compatible with certain embodiments described herein. Volatile 

memory elements 1032 compatible with certain embodiments described herein have packaging 

which include, but are not limited to, thin small-outline package (TSOP), ball-grid-array (BGA), 

fine-pitch BGA (FBOA), micro-BOA (1.1,BGA), mini-BGA (mBGA), and chip-scale packaging 

(CSP). 

[00125] In certain embodiments, the second plurality of non-volatile memory elements 1042 

comprises one or more flash memory elements. Types of flash memory elements 1042 

compatible with certain embodiments described herein include, but are not limited to, NOR 

flash, NAND flash, ONE-NAND flash, and multi-level cell (MLC). For example, in the block 

diagram of FIG. 12, the second memory bank 1040 comprises 512 MB of flash memory 

organized as four 128Mbx8 NAND flash memory elements 1042. In addition, nonvolatile 

memory elements 1042 having bit widths of 4, 8, 16, 32, as well as other bit widths, are 

compatible with certain embodiments described herein. Non-volatile memory elements 1042 

compatible with certain embodiments described herein have packaging which include, but are 

not limited to, thin small-outline package (TSOP), ball-grid-array (BOA), fine-pitch BOA 

(FBGA), micro-BOA (POA), mini-BGA (mBGA), and chip-scale packaging (CSP). 

[00126] FIG. 13 is a block diagram of an example memory module 10 with ECC (error-

correcting code) having a volatile memory subsystem 1030 with nine volatile memory elements 
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1032 and a non-volatile memory subsystem 1040 with five non-volatile memory elements 1042 

in accordance with certain embodiments described herein. The additional memory element 1032 

of the first memory bank 1030 and the additional memory element 1042 of the second memory 

bank 1040 provide the ECC capability. In certain other embodiments, the volatile memory 

subsystem 1030 comprises other numbers of volatile memory elements 1032 ( e.g., 2, 3, 4, 5, 6, 

7, more than 9). In certain embodiments, the non-volatile memory subsystem 1040 comprises 

other numbers of nonvolatile memory elements 1042 (e.g., 2, 3, more than 5). 

[00127] Referring to FIG. 12, in certain embodiments, the logic element 1070 comprises a 

field-programmable gate array (FPGA). In certain embodiments, the logic element 1070 

comprises an FPGA available from Lattice Semiconductor Corporation which includes an 

internal flash. In certain other embodiments, the logic element 1070 comprises an FPOA 

available from another vendor. The internal flash can improve the speed of the memory system 

1010 and save physical space. Other types of logic elements 1070 compatible with certain 

embodiments described herein include, but are not limited to, a programmable-logic device 

(PLD), an application-specific integrated circuit (ASIC), a custom-designed semiconductor 

device, a complex programmable logic device (CPLD). In certain embodiments, the logic 

element 1070 is a custom device. In certain embodiments, the logic element 1070 comprises 

various discrete electrical elements, while in certain other embodiments, the logic element 1070 

comprises one or more integrated circuits. FIG. 14 is a block diagram of an example memory 

module 1010 having a microcontroller unit 1060 and logic element 1070 integrated into a single 

controller 1062 in accordance with certain embodiments described herein. In certain 

embodiments, the controller 1062 includes one or more other components. For example, in one 
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embodiment, an FPGA without an internal flash is used and the controller 1062 includes a 

separate flash memory component which stores configuration information to program the FPGA. 

[00128] In certain embodiments, the at least one circuit 1052 comprises one or more switches 

coupled to the volatile memory subsystem 1030, to the controller 1062, and to the host computer 

(e.g., via the interface 1022, as schematically illustrated by FIGS. 12-14). The one or more 

switches are responsive to signals (e.g., from the controller 1062) to selectively operatively 

decouple the controller 1062 from the volatile memory subsystem 1030 and to selectively 

operatively couple the controller 1062 to the volatile memory subsystem 1030. In addition, in 

certain embodiments, the at least one circuit 1052 selectively operatively couples and decouples 

the volatile memory subsystem 1030 and the host system. 

[00129] In certain embodiments, the volatile memory subsystem 1030 can comprise a 

registered DIMM subsystem comprising one or more registers 1160 and a plurality of DRAM 

elements 1180, as schematically illustrated by FIG. 15A. In certain such embodiments, the at 

least one circuit 1052 can comprise one or more switches 1172 coupled to the controller 1062 

(e.g., logic element 1070) and to the volatile memory subsystem 1030 which can be actuated to 

couple and decouple the controller 1062 to and from the volatile memory subsystem 1030, 

respectively. The memory system 1010 further comprises one or more switches 1170 coupled to 

the one or more registers 1160 and to the plurality of DRAM elements 1180 as schematically 

illustrated by FIG. 15A. The one or more switches 1170 can be selectively switched, thereby 

selectively operatively coupling the volatile memory subsystem 1030 to the host system 1150. In 

certain other embodiments, as schematically illustrated by FIG. 15B, the one or more switches 

1174 are also coupled to the one or more registers 1160 and to a power source 1162 for the one 
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or more registers 1160. The one or more switches 1174 can be selectively switched to turn power 

on or off to the one or more registers 1160, thereby selectively operatively coupling the volatile 

memory subsystem 1030 to the host system 1150. As schematically illustrated by FIG. 15C, in 

certain embodiments the at least one circuit 1052 comprises a dynamic on-die termination (ODT) 

1176 circuit of the logic element 1070. For example, the logic element 1070 can comprise a 

dynamic ODT circuit 1176 which selectively operatively couples and decouples the logic 

element 1070 to and from the volatile memory subsystem 1030, respectively. In addition, and 

similar to the example embodiment of FIG. 15A described above, the one or more switches 1170 

can be selectively switched, thereby selectively operatively coupling the volatile memory 

subsystem 1030 to the host system 1150. 

[00130] Certain embodiments described herein utilize the non-volatile memory subsystem 

1040 as a flash "mirror" to provide backup of the volatile memory subsystem 1030 in the event 

of certain system conditions. For example, the non-volatile memory subsystem 1040 may backup 

the volatile memory subsystem 1030 in the event of a trigger condition, such as, for example, a 

power failure or power reduction or a request from the host system. In one embodiment, the 

nonvolatile memory subsystem 1040 holds intermediate data results in a noisy system 

environment when the host computer system is engaged in a long computation. In certain 

embodiments, a backup may be performed on a regular basis. For example, in one embodiment, 

the backup may occur every millisecond in response to a trigger condition. In certain 

embodiments, the trigger condition occurs when the memory system 1010 detects that the system 

voltage is below a certain threshold voltage. For example, in one embodiment, the threshold 

voltage is 1010 percent below a specified operating voltage. In certain embodiments, a trigger 

condition occurs when the voltage goes above a certain threshold value, such as, for example, 
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1010 percent above a specified operating voltage. In some embodiments, a trigger condition 

occurs when the voltage goes below a threshold or above another threshold. In various 

embodiments, a backup and/or restore operation may occur in reboot and/or non-reboot trigger 

conditions. 

[00131] As schematically illustrated by FIGS. 12 and 13, in certain embodiments, the 

controller 1062 may comprise a microcontroller unit (MCU) 1060 and a logic element 1070. In 

certain embodiments, the MCU 1060 provides memory management for the non-volatile 

memory subsystem 1040 and controls data transfer between the volatile memory subsystem 30 

and the nonvolatile memory subsystem 1040. The MCU 1060 of certain embodiments comprises 

a 16-bit microcontroller, although other types of microcontrollers are also compatible with 

certain embodiments described herein. As schematically illustrated by FIGS. 12 and 13, the logic 

element 1070 of certain embodiments is in electrical communication with the non-volatile 

memory subsystem 1040 and the MCU 1060. The logic element 1070 can provide signal level 

translation between the volatile memory elements 1032 (e.g., 1.8V SSTL-2 for DDR2 SDRAM 

elements) and the non-volatile memory elements 1042 (e.g., 3V TTL for NAND flash memory 

elements). In certain embodiments, the logic element 1070 is also programmed to perform 

address/address translation between the volatile memory subsystem 1030 and the non-volatile 

memory subsystem 1040. In certain preferred embodiments, 1-NAND type flash are used for the 

non-volatile memory elements 1042 because of their superior read speed and compact structure. 

[00132] The memory system 1010 of certain embodiments is configured to be operated in at 

least two states. The at least two states can comprise a first state in which the controller 1062 and 

the non-volatile memory subsystem 1040 are operatively decoupled (e.g., isolated) from the 
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volatile memory subsystem 1030 by the at least one circuit 1052 and a second state in which the 

volatile memory subsystem 1030 is operatively coupled to the controller 1062 to allow data to be 

communicated between the volatile memory subsystem 1030 and the nonvolatile memory 

subsystem 1040 via the controller 1062. The memory system 1010 may transition from the first 

state to the second state in response to a trigger condition, such as when the memory system 

1010 detects that there is a power interruption (e.g., power failure or reduction) or a system 

hang-up. 

[00133] The memory system 1010 may further comprise a voltage monitor 1050. The voltage 

monitor circuit 1050 monitors the voltage supplied by the host system via the interface 1022. 

Upon detecting a low voltage condition (e.g., due to a power interruption to the host system), the 

voltage monitor circuit 1050 may transmit a signal to the controller 1062 indicative of the 

detected condition. The controller 1062 of certain embodiments responds to the signal from the 

voltage monitor circuit 1050 by transmitting a signal to the at least one circuit 1052 to 

operatively couple the controller to the volatile memory system 1030, such that the memory 

system 1010 enters the second state. For example, the voltage monitor 1050 may send a signal to 

the MCU 1060 which responds by accessing the data on the volatile memory system 1030 and by 

executing a write cycle on the nonvolatile memory subsystem 1040. During this write cycle, data 

is read from the volatile memory subsystem 1030 and is transferred to the non-volatile memory 

subsystem 1040 via the MCU 1060. In certain embodiments, the voltage monitor circuit 1050 is 

part of the controller 1062 (e.g., part of the MCU 1060) and the voltage monitor circuit 1050 

transmits a signal to the other portions of the controller 1062 upon detecting a power threshold 

condition. 
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[00134] The isolation or operational decoupling of the volatile memory subsystem 1030 from 

the non-volatile memory subsystem in the first state can preserve the integrity of the operation of 

the memory system 1010 during periods of operation in which signals (e.g., data) are transmitted 

between the host system and the volatile memory subsystem 1030. For example, in one 

embodiment during such periods of operation, the controller 1062 and the nonvolatile memory 

subsystem 1040 do not add a significant capacitive load to the volatile memory system 1030 

when the memory system 1010 is in the first state. In certain such embodiments, the capacitive 

load of the controller 1062 and the non-volatile memory subsystem 1040 do not significantly 

affect the signals propagating between the volatile memory subsystem 1030 and the host system. 

This can be particularly advantageous in relatively high-speed memory systems where loading 

effects can be significant. In one preferred embodiment, the at least one circuit 1052 comprises 

an FSA1208 Low-Power, Eight-Port, Hi-Speed Isolation Switch from Fairchild Semiconductor. 

In other embodiments, the at least one circuit 1052 comprises other types of isolation devices. 

[00135] Power may be supplied to the volatile memory subsystem 1030 from a first power 

supply (e.g., a system power supply) when the memory system 1010 is in the first state and from 

a second power supply 1080 when the memory system 1010 is in the second state. In certain 

embodiments, the memory system 1010 is in the first state when no trigger condition (e.g., a 

power failure) is present and the memory system 1010 enters the second state in response to a 

trigger condition. In certain embodiments, the memory system 1010 has a third state in which the 

controller 1062 is operatively decoupled from the volatile memory subsystem 1030 and power is 

supplied to the volatile memory subsystem 1030 from a third power supply (not shown). For 

example, in one embodiment the third power supply may provide power to the volatile memory 

51 

Samsung Electronics Co., Ltd.
Ex. 1002, p. 79



Atty Docket No.: 0016.001000H 

subsystem 1030 when the memory system 1010 detects that a trigger condition is likely to occur 

but has not yet occurred. 

[00136] In certain embodiments, the second power supply 1080 does not comprise a battery. 

Because a battery is not used, the second power supply 1080 of certain embodiments may be 

relatively easy to maintain, does not generally need to be replaced, and is relatively 

environmentally friendly. In certain embodiments, as schematically illustrated by FIGS. 12-14, 

the second power supply 1080 comprises a step-up transformer 1082, a step-down transformer 

1084, and a capacitor bank 1086 comprising one or more capacitors (e.g., double-layer 

capacitors). In one example embodiment, capacitors may take about three to four minutes to 

charge and about two minutes to discharge. In other embodiments, the one or more capacitors 

may take a longer time or a shorter time to charge and/or discharge. For example, in certain 

embodiments, the second power supply 1080 is configured to power the volatile memory 

subsystem 1030 for less than thirty minutes. In certain embodiments, the second power supply 

1080 may comprise a battery. For example, in certain embodiments, the second power supply 

1080 comprises a battery and one or more capacitors and is configured to power the volatile 

memory subsystem 1030 for no more than thirty minutes. 

[00137] In certain embodiments, the capacitor bank 1086 of the second power supply 1080 is 

charged by the first power supply while the memory system 1010 is in the first state. As a result, 

the second power supply 1080 is fully charged when the memory system 1010 enters the second 

state. The memory system 1010 and the second power supply 1080 may be located on the same 

printed circuit board 1020. In other embodiments, the second power supply 1080 may not be on 
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the same printed circuit board 1020 and may be tethered to the printed circuit board 1020, for 

example. 

[00138] When operating in the first state, in certain embodiments, the step-up transformer 

1082 keeps the capacitor bank 1086 charged at a peak value. In certain embodiments, the step-

down transformer 1084 acts as a voltage regulator to ensure that regulated voltages are supplied 

to the memory elements (e.g., 1.8V to the volatile DRAM elements 1032 and 3.0V to the non-

volatile flash memory elements 1042) when operating in the second state (e.g., during power 

down). In certain embodiments, as schematically illustrated by FIGS. 12-14, the memory module 

1010 further comprises a switch 1090 (e.g., FET switch) that switches power provided to the 

controller 1062, the volatile memory subsystem 1030, and the non-volatile memory subsystem 

1040, between the power from the second power supply 1080 and the power from the first power 

supply (e.g., system power) received via the interface 1022. For example, the switch 1090 may 

switch from the first power supply to the second power supply 1080 when the voltage monitor 

1050 detects a low voltage condition. The switch 1090 of certain embodiments advantageously 

ensures that the volatile memory elements 1032 and non-volatile memory elements 1042 are 

powered long enough for the data to be transferred from the volatile memory elements 1032 and 

stored in the non-volatile memory elements 1042. In certain embodiments, after the data transfer 

is complete, the switch 1090 then switches back to the first power supply and the controller 1062 

transmits a signal to the at least one circuit 1052 to operatively decouple the controller 1062 from 

the volatile memory subsystem 1030, such that the memory system 1010 reenters the first state. 

[00139] When the memory system 1010 re-enters the first state, data may be transferred back 

from the non-volatile memory subsystem 1040 to the volatile memory subsystem 1030 via the 
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controller 1062. The host system can then resume accessing the volatile memory subsystem 1030 

of the memory module 1010. In certain embodiments, after the memory system 1010 enters or 

re-enters the first state (e.g., after power is restored), the host system accesses the volatile 

memory subsystem 1030 rather than the non-volatile memory subsystem 1040 because the 

volatile memory elements 1032 have superior read/write characteristics. In certain embodiments, 

the transfer of data from the volatile memory bank 1030 to the nonvolatile memory bank 1040, 

or from the non-volatile memory bank 1040 to the volatile. memory bank 1030, takes less than 

one minute per GB. 

[00140] In certain embodiments, the memory system 1010 protects the operation of the 

volatile memory when communicating with the host-system and provides backup and restore 

capability in the event of a trigger condition such as a power failure. In certain embodiments, the 

memory system 1010 copies the entire contents of the volatile memory subsystem 1030 into the 

nonvolatile memory subsystem 1040 on each backup operation. Moreover, in certain 

embodiments, the entire contents of the non-volatile memory subsystem 1040 are copied back 

into the volatile memory subsystem 1030 on each restore operation. In certain embodiments, the 

entire contents of the non-volatile memory subsystem 1040 are accessed for each backup and/or 

restore operation, such that the non-volatile memory subsystem 1040 (e.g., flash memory 

subsystem) is used generally uniformly across its memory space and wear-leveling is not 

performed by the memory system 1010. In certain embodiments, avoiding wear-leveling can 

decrease cost and complexity of the memory system 1010 and can improve the performance of 

the memory system 1010. In certain other embodiments, the entire contents of the volatile 

memory subsystem 1030 are not copied into the non-volatile memory subsystem 1040 on each 

backup operation, but only a partial copy is performed. In certain embodiments, other 
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management capabilities such as bad-block management and error management for the flash 

memory elements of the non-volatile memory subsystem 1040 are performed in the controller 

1062. 

[00141] The memory system 1010 generally operates as a write-back cache in certain 

embodiments. For example, in one embodiment, the host system (e.g., a disk controller) writes 

data to the volatile memory subsystem 1030 which then writes the data to non-volatile storage 

which is not part of the memory system 1010, such as, for example, a hard disk. The disk 

controller may wait for an acknowledgment signal from the memory system 1010 indicating that 

the data has been written to the hard disk or is otherwise secure. The memory system 1010 of 

certain embodiments can decrease delays in the system operation by indicating that the data has 

been written to the hard disk before it has actually done so. In certain embodiments, the memory 

system 1010 will still be able to recover the data efficiently in the event of a power outage 

because of the backup and restore capabilities described herein. In certain other embodiments, 

the memory system 1010 may be operated as a write-through cache or as some other type of 

cache. 

[00142] FIG. 16 schematically illustrates an example power module 1100 of the memory 

system 1010 in accordance with certain embodiments described herein. The power module 1100 

provides power to the various components of the memory system 1010 using different elements 

based on a state of the memory system 1010 in relation to a trigger condition. In certain 

embodiments, the power module 1100 comprises one or more of the components described 

above with respect to FIG. 12. For example, in certain embodiments, the power module 1100 

includes the second power supply 1080 and the switch 1090. 
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[00143] The power module 1100 provides a plurality of voltages to the memory system 1010 

comprising non-volatile and volatile memory subsystems 1030, 1040. The plurality of voltages 

comprises at least a first voltage 1102 and a second voltage 1104. The power module 1100 

comprises an input 1106 providing a third voltage 1108 to the power module 1100 and a voltage 

conversion element 1120 configured to provide the second voltage 1104 to the memory system 

1010. The power module 1100 further comprises a first power element 1130 configured to 

selectively provide a fourth voltage 1110 to the conversion element 1120. In certain 

embodiments, the first power element 1130 comprises a pulse-width modulation power 

controller. For example, in one example embodiment, the first power element 1130 is configured 

to receive a 1.8V input system voltage as the third voltage 1108 and to output a modulated 5V 

output as the fourth voltage 1110. 

[00144] The power module 1100 further comprises a second power element 1140 can be 

configured to selectively provide a fifth voltage 1112 to the conversion element 1120. The power 

module 1100 can be configured to selectively provide the first voltage 1102 to the memory 

system 1010 either from the conversion element 1120 or from the input 1106. 

[00145] The power module 1100 can be configured to be operated in at least three states in 

certain embodiments. In a first state, the first voltage 1102 is provided to the memory system 

1010 from the input 1106 and the fourth voltage 1110 is provided to the conversion element 

1120 from the first power element 1130. In a second state, the fourth voltage 1110 is provided to 

the conversion element 1120 from the first power element 1130 and the first voltage 1102 is 

provided to the memory system 1010 from the conversion element 1120. In the third state, the 

fifth voltage 1112 is provided to the conversion element 1120 from the second power element 
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1140 and the first voltage 1104 is provided to the memory system 1010 from the conversion 

element 1120. 

[00146] In certain embodiments, the power module 1100 transitions from the first state to the 

second state upon detecting that a trigger condition is likely to occur and transitions from the 

second state to the third state upon detecting that the trigger condition has occurred. For 

example, the power module 1100 may transition to the second state when it detects that a power 

failure is about to occur and transitions to the third state when it detects that the power failure has 

occurred. In certain embodiments, providing the first voltage 1102 in the second state from the 

first power element 1130 rather than from the input 1106 allows a smoother transition from the 

first state to the third state. For example, in certain embodiments, providing the first voltage 1102 

from the first power element 1130 has capacitive and other smoothing effects. In addition, 

switching the point of power transition to be between the conversion element 1120 and the first 

and second power elements 1130, 1140 (e.g., the sources of the pre-regulated fourth voltage 

1110 in the second state and the pre-regulated fifth voltage 1112 in the third state) can smooth 

out potential voltage spikes. 

[00147] In certain embodiments, the second power element 1140 does not comprise a battery 

and may comprise one or more capacitors. For example, as schematically illustrated in FIG. 16, 

the second power element 1140 comprises a capacitor array 1142, a buck-boost converter 1144 

which adjusts the voltage for charging the capacitor array and a voltage/current limiter 1146 

which limits the charge current to the capacitor array 1142 and stops charging the capacitor array 

1142 when it has reached a certain charge voltage. In one example embodiment, the capacitor 

array 1142 comprises two 50 farad capacitors capable of holding a total charge of 4.6V. For 
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example, in one example embodiment, the buck-boost converter 1144 receives a 1.8V system 

voltage (first voltage 1108) and boosts the voltage to 4.3V which is outputted to the voltage 

current limiter 1146. The voltage/current limiter 1146 limits the current going to the capacitor 

array 1142 to lA and stops charging the array 1142 when it is charged to 4.3V. Although 

described with respect to certain example embodiments, one of ordinary skill will recognize from 

the disclosure herein that the second power element 1140 may include alternative embodiments. 

For example, different components and/or different value components may be used. For 

example, in other embodiments, a pure boost converter may be used instead of a buck-boost 

converter. In another embodiment, only one capacitor may be used instead of a capacitor array 

1142. 

[00148] The conversion element 1120 can comprise one or more buck converters and/or one 

or more buck-boost converters. The conversion element 1120 may comprise a plurality of sub-

blocks 1122, 1124, 1126 as schematically illustrated by FIG. 16, which can provide more 

voltages in addition to the second voltage 1104 to the memory system 1010. The sub-blocks may 

comprise various converter circuits such as buck-converters, boost converters, and buck-boost 

converter circuits for providing various voltage values to the memory system 1010. For example, 

in one embodiment, sub-block 1122 comprises a buck converter, sub-block 1124 comprises a 

dual buck converter, and sub-block 1126 comprises a buck-boost converter as schematically 

illustrated by FIG. 16. Various other components for the sub-blocks 1122, 1124, 1126 of the 

conversion element 1120 are also compatible with certain embodiments described herein. In 

certain embodiments, the conversion element 1120 receives as input either the fourth voltage 

1110 from the first power element 1130 or the fifth voltage 1112 from the second power element 

1140, depending on the state of the power module 1100, and reduces the input to an appropriate 
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amount for powering various components of the memory system. For example, the buck-

converter of sub-block 1122 can provide 1.8V at 2A for about 60 seconds to the volatile memory 

elements 1032 (e.g., DRAM), the non-volatile memory elements 1042 (e.g., flash), and the 

controller 1062 (e.g., an FPGA) in one embodiment. The sub-block 1124 can provide the second 

voltage 1104 as well as another reduced voltage 1105 to the memory system 1010. In one 

example embodiment, the second voltage 1104 is 2.5V and is used to power the at least one 

circuit 1052 (e.g., isolation device) and the other reduced voltage 1105 is 1.2V and is used to 

power the controller 1062 (e.g., FPGA). The subblock 1126 can provide yet another voltage 

1107 to the memory system 1010. For example, the voltage 1107 may be 3.3V and may be used 

to power both the controller 1062 and the at least one circuit 1052. 

[00149] Although described with respect to certain example embodiments, one of ordinary 

skill will recognize from the disclosure herein that the conversion element 1120 may include 

alternative embodiments. For example, there may be more or less sub-blocks which may 

comprise other types of converters (e.g., pure boost converters) or which may produce different 

voltage values. In one embodiment, the volatile memory elements 1032 and nonvolatile memory 

elements 1042 are powered using independent voltages and are not both powered using the first 

voltage 1102. 

[00150] FIG. 17 is a flowchart of an example method 1200 of providing a first voltage 1102 

and a second voltage 1104 to a memory system 1010 including volatile and nonvolatile memory 

subsystems 1030, 1040. While the method 1200 is described herein by reference to the memory 

system 1010 schematically illustrated by FIGS. 12-15, other memory systems are also 

compatible with embodiments of the method 1200. During a first condition, the method 1200 
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comprises providing the first voltage 1102 to the memory system 1010 from an input power 

supply 1106 and providing the second voltage 1104 to the memory system 1010 from a first 

power subsystem in operational block 1210. For example, in one embodiment, the first power 

subsystem comprises the first power element 1130 and the voltage conversion element 1120 

described above with respect to FIG. 16. In other embodiments, other first power subsystems are 

used. 

[00151] The method 1200 further comprises detecting a second condition in operational block 

1220. In certain embodiments, detecting the second condition comprises detecting that a trigger 

condition is likely to occur. During the second condition, the method 1200 comprises providing 

the first voltage 1102 and the second voltage 1104 to the memory system 1010 from the first 

power subsystem in an operational block 1230. For example, referring to FIG. 16, a switch 1148 

can be toggled to provide the first voltage 1102 from the conversion element 1120 rather than 

from the input power supply. 

[00152] The method 1200 further comprises charging a second power subsystem in 

operational block 1240. In certain embodiments, the second power subsystem comprises the 

second power element 1140 or another power supply that does not comprise a battery. For 

example, in one embodiment, the second power subsystem comprises the second power element 

1140 and the voltage conversion element 1120 described above with respect to FIG. 16. In other 

embodiments, some other second power subsystem is used. 

[00153] The method 1200 further comprises detecting a third condition in an operational 

block 1250 and during the third condition, providing the first voltage 1102 and the second 
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voltage 1104 to the memory system 1010 from the second power subsystem 1140 in an 

operational block 1260. In certain embodiments, detecting the third condition comprises 

detecting that the trigger condition has occurred. The trigger condition may comprise various 

conditions described herein. In various embodiments, for example, the trigger condition 

comprises a power reduction, power failure, or system hang-up. The operational blocks of the 

method 1200 may be performed in different orders in various embodiments. For example, in 

certain embodiments, the second power subsystem 1140 is charged before detecting the second 

condition. 

[00154] In certain embodiments, the memory system 1010 comprises a volatile memory 

subsystem 1030 and a non-volatile memory subsystem 1040 comprising at least 100 percent 

more storage capacity than does the volatile memory subsystem. The memory system 1010 also 

comprises a controller 1062 operatively coupled to the volatile memory subsystem 1030 and 

operatively coupled to the non-volatile memory subsystem 1040. The controller 1062 can be 

configured to allow data to be communicated between the volatile memory subsystem 1030 and 

the host system when the memory system 1010 is operating in a first state and to allow data to be 

communicated between the volatile memory subsystem 1030 and the non-volatile memory 

subsystem 1040 when the memory system 1010 is operating in a second state. 

[00155] Although the memory system 1010 having extra storage capacity of the non-volatile 

memory subsystem 1040 has been described with respect to certain embodiments, alternative 

configurations exist. For example, in certain embodiments, there may be more than 100 percent 

more storage capacity in the non-volatile memory subsystem 1040 than in the volatile memory 

subsystem 1030. In various embodiments, there may be at least 200, 300, or 400 percent more 
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storage capacity in the non-volatile memory subsystem 1040 than in the volatile memory 

subsystem 1030. In other embodiments, the non-volatile memory subsystem 1040 includes at 

least some other integer multiples of the storage capacity of the volatile memory subsystem 

1030. In some embodiments, the non-volatile memory subsystem 1040 includes a non-integer 

multiple of the storage capacity of the volatile memory subsystem 1030. In one embodiment, the 

non-volatile memory subsystem 1040 includes less than 100 percent more storage capacity than 

does the volatile memory subsystem 1030. 

[00156] The extra storage capacity of the non-volatile memory subsystem 1040 can be used to 

improve the backup capability of the memory system 1010. In certain embodiments in which 

data can only be written to portions of the non-volatile memory subsystem 1040 which do not 

contain data (e.g., portions which have been erased), the extra storage capacity of the nonvolatile 

memory subsystem 1040 allows the volatile memory subsystem 1030 to be backed up in the 

event of a subsequent power failure or other trigger event. For example, the extra storage 

capacity of the non-volatile memory subsystem 1040 may allow the memory system 1010 to 

backup the volatile memory subsystem 1030 efficiently in the event of multiple trigger 

conditions (e.g., power failures). In the event of a first power failure, for example, the data in the 

volatile memory system 1030 is copied to a first, previously erased portion of the nonvolatile 

memory subsystem 1040 via the controller 1062. Since the non-volatile memory subsystem 1040 

has more storage capacity than does the volatile memory subsystem 1030, there is a second 

portion of the non-volatile memory subsystem 1040 which does not have data from the volatile 

memory subsystem 1030 copied to it and which remains free of data (e.g., erased). Once system 

power is restored, the controller 1062 of the memory system 1010 restores the data to the volatile 

memory subsystem 1030 by copying the backed-up data from the non-volatile memory 
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subsystem 1040 back to the volatile memory subsystem 1030. After the data is restored, the 

memory system 1010 erases the non-volatile memory subsystem 1040. While the first portion of 

the non-volatile memory subsystem 1040 is being erased, it may be temporarily unaccessible. 

[00157] If a subsequent power failure occurs before the first portion of the non-volatile 

memory subsystem 1040 is completely erased, the volatile memory subsystem 1030 can be 

backed-up or stored again in the second portion of the non-volatile memory subsystem 1040 as 

described herein. In certain embodiments, the extra storage capacity of the non-volatile memory 

subsystem 1040 may allow the memory system 1010 to operate more efficiently. For example, 

because of the extra storage capacity of the non-volatile memory subsystem 1040, the memory 

system 1010 can handle a higher frequency of trigger events that is not limited by the erase time 

of the non-volatile memory subsystem 1040. 

[00158] FIG. 18 is a flowchart of an example method 1300 of controlling a memory system 

1010 operatively coupled to a host system and which includes a volatile memory subsystem 1030 

and a non-volatile memory subsystem 1040. In certain embodiments, the non-volatile memory 

subsystem 1040 comprises at least 100 percent more storage capacity than does the volatile 

memory subsystem 30 as described herein. While the method 1300 is described herein by 

reference to the memory system 1010 schematically illustrated by FIGS. 12-14, the method 1300 

can be practiced using other memory systems in accordance with certain embodiments described 

herein. In an operational block 1310, the method 1300 comprises communicating data between 

the volatile memory subsystem 1030 and the host system when the memory system 1010 is in a 

first mode of operation. The method 1300 further comprises storing a first copy of data from the 
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volatile memory subsystem 1030 to the non-volatile memory subsystem 1040 at a first time 

when the memory system 1010 is in a second mode of operation in an operational block 1320. 

[00159] In an operational block 1330, the method 1300 comprises restoring the first copy of 

data from the non-volatile memory subsystem 1040 to the volatile memory subsystem 1030. The 

method 1300 further comprises erasing the first copy of data from the non-volatile memory 

subsystem 1040 in an operational block 1340. The method further comprises storing a second 

copy of data from the volatile memory subsystem 1030 to the non-volatile memory subsystem 

1040 at a second time when the memory system 1010 is in the second mode of operation in an 

operational block 1350. Storing the second copy begins before the first copy is completely erased 

from the non-volatile memory subsystem 1040. 

[00160] In some embodiments, the memory system 1010 enters the second mode of operation 

in response to a trigger condition, such as a power failure. In certain embodiments, the first copy 

of data and the second copy of data are stored in separate portions of the nonvolatile memory 

subsystem 1040. The method 1300 can also include restoring the second copy of data from the 

non-volatile memory subsystem 1040 to the volatile memory subsystem 1030 in an operational 

block 1360. The operational blocks of method 1300 referred to herein may be performed in 

different orders in various embodiments. For example, in some embodiments, the second copy of 

data is restored to the volatile memory subsystem 1030 at operational block 1360 before the first 

copy of data is completely erased in the operational block 1340. 

[00161] FIG. 19 schematically illustrates an example clock distribution topology 1400 of a 

memory system 1010 in accordance with certain embodiments described herein. The clock 
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distribution topology 1400 generally illustrates the creation and routing of the clock signals 

provided to the various components of the memory system 1010. A clock source 1402 such as, 

for example, a 25 MHz oscillator, generates a clock signal. The clock source 1402 may feed a 

clock generator 1404 which provides a clock signal 1406 to the controller 1062, which may be 

an FPGA. In one embodiment, the clock generator 1404 generates a 125 MHz clock signal 1406. 

The controller 1062 receives the clock signal 1406 and uses it to clock the controller 1062 master 

state control logic. For example, the master state control logic may control the general operation 

of an FPGA controller 1062. 

[00162] The clock signal 1406 can also be input into a clock divider 1410 which produces a 

frequency-divided version of the clock signal 1406. In an example embodiment, the clock 

divider 1410 is a divide by two clock divider and produces a 62.5 MHz clock signal in response 

to the 125 MHz clock signal 1406. A non-volatile memory phase-locked loop (PLL) block 1412 

can be included (e.g., in the controller 1062) which distributes a series of clock signals to the 

non-volatile memory subsystem 1040 and to associated control logic. For example, a series of 

clock signals 1414 can be sent from the controller 1062 to the non-volatile memory subsystem 

1040. Another clock signal 1416 can be used by the controller logic which is dedicated to 

controlling the non-volatile memory subsystem 1040. For example, the clock signal 1416 may 

clock the portion of the controller 1062 which is dedicated to generating address and/or control 

lines for the non-volatile memory subsystem 1040. A feedback clock signal 1418 is fed back into 

the non-volatile memory PLL block 1412. In one embodiment, the PLL block 1412 compares the 

feedback clock 1418 to the reference clock 1411 and varies the phase and frequency of its output 

until the reference 1411 and feedback 1418 clocks are phase and frequency matched. 
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[00163] A version of the clock signal 1406 such as the backup clock signal 1408 may be sent 

from the controller to the volatile memory subsystem 1030. The clock signal 1408 may be, for 

example, a differential version of the clock signal 1406. As described herein, the backup clock 

signal 1408 may be used to clock the volatile memory subsystem 1030 when the memory system 

1010 is backing up the data from the volatile memory subsystem 1030 into the non-volatile 

memory subsystem 1040. In certain embodiments, the backup clock signal 1408 may also be 

used to clock the volatile memory subsystem 1030 when the memory system 1010 is copying the 

backed-up data back into the volatile memory subsystem 1030 from the nonvolatile memory 

subsystem 1040 (also referred to as restoring the volatile memory subsystem 1030). The volatile 

memory subsystem 1030 may normally be run at a higher frequency (e.g., DRAM running at 

400MHz) than the nonvolatile memory subsystem 1040 (e.g., flash memory running at 

62.5MHz) when communicating with the host system (e.g., when no trigger condition is present). 

However, in certain embodiments the volatile memory subsystem 1030 may be operated at a 

reduced frequency (e.g., at twice the frequency of the non-volatile memory subsystem 1040) 

without introducing significant delay into the system during backup operation and/or restore 

operations. Running the volatile memory subsystem 1030 at the reduced frequency during a 

backup and/or restore operation may advantageously reduce overall power consumption of the 

memory system 1010. 

[00164] In one embodiment, the backup clock 1408 and the volatile memory system clock 

signal 1420 are received by a multiplexer 1422, as schematically illustrated by FIG. 19. The 

multiplexer 1422 can output either the volatile memory system clock signal 1420 or the backup 

clock signal 1408 depending on the backup state of the memory system 1010. For example, 

when the memory system 1010 is not performing a backup or restore operation and is 
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communicating with the host system ( e.g., normal operation), the volatile memory system clock 

signal 1420 may be provided by the multiplexer 422 to the volatile memory PLL block 1424. 

When the memory system 1010 is performing a backup (or restore) operation, the backup clock 

signal 1408 may be provided. 

[00165] The volatile memory PLL block 1424 receives the volatile memory reference clock 

signal 1423 from the multiplexer 1422 and can generate a series of clock signals which are 

distributed to the volatile memory subsystem 1030 and associated control logic. For example, in 

one embodiment, the PLL block 1424 generates a series of clock signals 1426 which clock the 

volatile memory elements 1032. A clock signal 1428 may be used to clock control logic 

associated with the volatile memory elements, such as one or more registers (e.g., the one or 

more registers of a registered DIMM). Another clock signal 1430 may be sent to the controller 

1062. A feedback clock signal 1432 is fed back into the volatile memory PLL block 1424. In one 

embodiment, the PLL block 1424 compares the feedback clock signal 1432 to the reference 

clock signal 1423 and varies the phase and frequency of its output until the reference clock signal 

1423 and the feedback clock signal 1432 clocks are phase and frequency matched. 

[00166] The clock signal 1430 may be used by the controller 1062 to generate and distribute 

clock signals which will be used by controller logic which is configured to control the volatile 

memory subsystem 1030. For example, control logic in the controller 1062 may be used to 

control the volatile memory subsystem 1030 during a backup or restore operation. The clock 

signal 1430 may be used as a reference clock signal for the PLL block 1434 which can generate 

one or more clocks 1438 used by logic in the controller 1062. For example, the PLL block 1434 

may generate one or more clock signals 1438 used to drive logic circuitry associated with 
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controlling the volatile memory subsystem 1030. In certain embodiments, the PLL block 1434 

includes a feedback clock signal 1436 and operates in a similar manner to other PLL blocks 

described herein. 

[00167] The clock signal 1430 may be used as a reference clock signal for the PLL block 

1440 which may generate one or more clock signals used by a sub-block 1442 to generate one or 

more other clock signals 1444. In one embodiment, for example, the volatile memory subsystem 

1030 comprises DDR2 SDRAM elements and the sub-block 1442 generates one or more DDR2 

compatible clock signals 1444. A feedback clock signal 1446 is fed back into the PLL block 

1440. In certain embodiments, the PLL block 1440 operates in a similar manner to other PLL 

blocks described herein. 

[00168] While described with respect to the example embodiment of FIG. 19, various 

alternative clock distribution topologies are possible. For example, one or more of the clock 

signals have a different frequency in various other embodiments. In some embodiments, one or 

more of the clocks shown as differential signals are single ended signals. In one embodiment, the 

volatile memory subsystem 1030 operates on the volatile memory clock signal 1420 and there is 

no backup clock signal 1408. In some embodiments, the volatile memory subsystem 1030 is 

operated at a reduced frequency during a backup operation and not during a restore operation. In 

other embodiments, the volatile memory subsystem 1030 is operated at a reduced frequency 

during a restore operation and not during a backup operation. 

[00169] FIG. 20 is a flowchart of an example method 1500 of controlling a memory system 

1010 operatively coupled to a host system. Although described with respect to the memory 
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system 1010 described herein, the method 1500 is compatible with other memory systems. The 

memory system 1010 may include a clock distribution topology 1400 similar to the one 

described above with respect to FIG. 19 or another clock distribution topology. The memory 

system 1010 can include a volatile memory subsystem 1030 and a non-volatile memory 

subsystem 1040. 

[00170] In an operational block 1510, the method 1500 comprises operating the volatile 

memory subsystem 1030 at a first frequency when the memory system 1010 is in a first mode of 

operation in which data is communicated between the volatile memory subsystem 1030 and the 

host system. In an operational block 1520, the method 1500 comprises operating the non-volatile 

memory subsystem 1040 at a second frequency when the memory system 1010 is in a second 

mode of operation in which data is communicated between the volatile memory subsystem 1030 

and the non-volatile memory subsystem 1040. The method 1500 further comprises operating the 

volatile memory subsystem 1030 at a third frequency in an operational block 1530 when the 

memory system 1010 is in the second mode of operation. In certain embodiments, the memory 

system 1010 is not powered by a battery when it is in the second mode of operation. The 

memory system 1010 may switch from the first mode of operation to the second mode of 

operation in response to a trigger condition. The trigger condition may be any trigger condition 

described herein such as, for example, a power failure condition. In certain embodiments, the 

second mode of operation includes both backup and restore operations as described herein. In 

other embodiments, the second mode of operation includes backup operations but not restore 

operations. In yet other embodiments, the second mode of operation includes restore operations 

but not backup operations. 
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[00171] The third frequency can be less than the first frequency. For example, the third 

frequency can be approximately equal to the second frequency. In certain embodiments, the 

reduced frequency operation is an optional mode. In yet other embodiments, the first, second 

and/or third frequencies are configurable by a user or by the memory system 1010. 

[00172] FIG. 21 schematically illustrates an example topology of a connection to transfer data 

slices from two DRAM segments 1630, 1640 of a volatile memory subsystem 1030 of a memory 

system 1010 to a controller 1062 of the memory system 1010. While the example of FIG. 21 

shows a topology including two DRAM segments 1630, 1640 for the purposes of illustration, 

each address location of the volatile memory subsystem 1030 comprises more than the two 

segments in certain embodiments. The data lines 1632, 1642 from the first DRAM segment 1630 

and the second DRAM segment 1640 of the volatile memory subsystem 1030 are coupled to 

switches 1650, 1652 which are coupled to the controller 1062 (e.g., logic element 1070) of the 

memory system 1010. The chip select lines 1634, 1644 and the self-refresh lines 1636, 1646 

(e.g., CKe signals) of the first and second DRAM segments 1630, 1640, respectively, are 

coupled to the controller 1062. In certain embodiments, the controller 1062 comprises a buffer 

(not shown) which is configured to store data from the volatile memory subsystem 1030. In 

certain embodiments, the buffer is a first-in, first out buffer (FIFO). In certain embodiments, data 

slices from each DRAM segment 1630, 1640 comprise a portion of the volatile memory 

subsystem data bus. In one embodiment, for example, the volatile memory subsystem 1030 

comprises a 72-bit data bus (e.g., each data word at each addressable location is 72 bits wide and 

includes, for example, 64 bits of accessible SDRAM and 8 bits of ECC), the first data slice from 

the first DRAM segment 1630 may comprise 40 bits of the data word, and the second data slice 
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from the second DRAM segment 1640 may comprise the remaining 32 bits of the data word. 

Certain other embodiments comprise data buses and/or data slices of different sizes. 

[00173] In certain embodiments, the switches 1650, 1652 can each be selectively switched to 

selectively operatively couple the data lines 1632, 1642, respectively from the first and second 

DRAM segments 1630, 1640 to the controller 1062. The chip select lines 1634, 1644 enable the 

first and second DRAM segments 1630, 1640, respectively, of the volatile memory subsystem 

1030, and the self-refresh lines 1636, 1646 toggle the first and second DRAM segments 1630, 

1640, respectively, from self-refresh mode to active mode. In certain embodiments, the first and 

second DRAM segments 1630, 1640 maintain stored information but are not accessible when 

they are in self-refresh mode, and maintain stored information and are accessible when they are 

in active mode. 

[00174] In certain embodiments, when the memory system 1010 is backing up the volatile 

memory system 1030, data slices from only one of the two DRAM segments 1630, 1640 at a 

time are sent to the controller 1062. For example, when the first slice is being written to the 

controller 1062 during a back-up, the controller 1062 sends a signal via the CKe line 1636 to the 

first DRAM segment 1630 to put the first DRAM segment 1630 in active mode. In certain 

embodiments, the data slice from the first DRAM segment 1630 for multiple words (e.g., a block 

of words) is written to the controller 1062 before writing the second data slice from the second 

DRAM segment 1640 to the controller 1062. While the first data slice is being written to the 

controller 1062, the controller 1062 also sends a signal via the CKe line 1646 to put the second 

DRAM segment 1640 in self-refresh mode. Once the first data slice for one word or for a block 

of words is written to the controller 1062, the controller 1062 puts the first DRAM segment 1630 
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into self-refresh mode by sending a signal via the CKe line 1636 to the first DRAM segment 

1640. The controller 1062 also puts the second DRAM segment 1640 into active mode by 

sending a signal via the CKe line 1646 to the DRAM segment 1640. The second slice for a word 

or for a block of words is written to the controller 1062. In certain embodiments, when the first 

and second data slices are written to the buffer in the controller 1062, the controller 1062 

combines the first and second data slices 1630, 1640 into complete words or blocks of words and 

then writes each complete word or block of words to the non-volatile memory subsystem 1040. 

In certain embodiments, this process is called "slicing" the volatile memory subsystem 1030. 

[00175] In certain embodiments, the data may be sliced in a restore operation as well as, or 

instead of, during a backup operation. For example, in one embodiment, the nonvolatile memory 

elements 1042 write each backed-up data word to the controller 1062 which writes a first slice of 

the data word to the volatile memory subsystem 1030 and then a second slice of the data word to 

the volatile memory subsystem 1030. In certain embodiments, slicing the volatile memory 

subsystem 1030 during a restore operation may be performed in a manner generally inverse to 

slicing the volatile memory subsystem 1030 during a backup operation. 

[00176] FIG. 22 is a flowchart of an example method 1600 of controlling a memory system 

1010 operatively coupled to a host system and which includes a volatile memory subsystem 1030 

and a non-volatile memory subsystem 1040. Although described with respect to the memory 

system 1010 described herein with respect to FIGS. 12-14 and 21, the method 1600 is 

compatible with other memory systems. The method 1600 comprises communicating data words 

between the volatile memory subsystem 1030 and the host system when the memory system 

1010 is in a first mode of operation in an operational block 1610. For example, the memory 

72 

Samsung Electronics Co., Ltd.
Ex. 1002, p. 100



Atty Docket No.: 0016.001000H 

system 1010 may be in the first mode of operation when no trigger condition has occurred and 

the memory system is not performing a backup and/or restore operation or is not being powered 

by a secondary power supply. 

[00177] In an operational block 1620, the method further comprises transferring data words 

from the volatile memory subsystem 1030 to the non-volatile memory subsystem 1040 when the 

memory system 1010 is in a second mode of operation. In certain embodiments, each data word 

comprises the data stored in a particular address of the memory system 1010. The memory 

system 1010 may enter the second mode of operation, for example, when a trigger condition 

(e.g., a power failure) occurs. In certain embodiments, transferring each data word comprises 

storing a first portion (also referred to as a slice) of the data word in a buffer in an operational 

block 1622, storing a second portion of the data word in the buffer in an operational block 1624, 

and writing the entire data word from the buffer to the non-volatile memory subsystem 1040 in 

an operational block 1626. 

[00178] In one example embodiment, the data word may be a 72 bit data word (e.g., 64 bits of 

accessible SDRAM and 8 bits of ECC), the first portion (or "slice") may comprise 40 bits of the 

data word, and the second portion (or "slice") may comprise the remaining 32 bits of the data 

word. In certain embodiments, the buffer is included in the controller 1062. For example, in one 

embodiment, the buffer is a first-in, first-out buffer implemented in the controller 1062 which 

comprises an FPGA. The method 1600 may generally be referred to as "slicing" the volatile 

memory during a backup operation. In the example embodiment, the process of "slicing" the 

volatile memory during a backup includes bringing the 32-bit slice out of self-refresh, reading a 

32-bit block from the slice into the buffer, and putting the 32-bit slice back into self-refresh. The 
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40-bit slice is then brought out of self-refresh and a 40-bit block from the slice is read into a 

buffer. Each block may comprise a portion of multiple words. For example, each 32-bit block 

may comprise 32-bit portions of multiple 72-bit words. In other embodiments, each block 

comprises a portion of a single word. The 40-bit slice is then put back into self-refresh in the 

example embodiment. The 32-bit and 40-bit slices are then combined into a 72-bit block by the 

controller 1062 and ECC detection/correction is performed on each 72-bit word as it is read from 

the buffer and written into the non-volatile memory subsystem (e.g., flash). 

[00179] In some embodiments, the entire data word may comprise more than two portions. 

For example, the entire data word may comprise three portions instead of two and transferring 

each data word further comprises storing a third portion of each data word in the buffer. In 

certain other embodiments, the data word may comprise more than three portions. 

[00180] In certain embodiments, the data may be sliced in a restore operation as well as, or 

instead of, during a backup operation. For example, in one embodiment, the nonvolatile memory 

elements 1040 write each backed-up data word to the controller 1062 which writes a first portion 

of the data word to the volatile memory subsystem 1030 and then a second portion of the data 

word to the volatile memory 1030. In certain embodiments, slicing the volatile memory 

subsystem 1030 during a restore operation may be performed in a manner generally inverse to 

slicing the volatile memory subsystem 1030 during a backup operation. 

[00181] The method 1600 can advantageously provide significant power savings and can lead 

to other advantages. For example, in one embodiment where the volatile memory subsystem 

1030 comprises DRAM elements, only the slice of the DRAM which is currently being accessed 
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(e.g., written to the buffer) during a backup is configured in full-operational mode. The slice or 

slices that are not being accessed may be put in self-refresh mode. Because DRAM in self-

refresh mode uses significantly less power than DRAM in full-operational mode, the method 

1600 can allow significant power savings. In certain embodiments, each slice of the DRAM 

includes a separate self-refresh enable (e.g., CKe) signal which allows each slice to be accessed 

independently. 

[00182] In addition, the connection between the DRAM elements and the controller 1062 may 

be as large as the largest slice instead of as large as the data bus. In the example embodiment, the 

connection between the controller 1062 and the DRAM may be 40 bits instead of 72 bits. As a 

result, pins on the controller 1062 may be used for other purposes or a smaller controller may be 

used due to the relatively low number of pin-outs used to connect to the volatile memory 

subsystem 1030. In certain other embodiments, the full width of the data bus is connected 

between the volatile memory subsystem 1030 and the controller 1062 but only a portion of it is 

used during slicing operations. For example, in some embodiments, memory slicing is an 

optional mode. 

[00183] While embodiments and applications have been shown and described, it would be 

apparent to those skilled in the art having the benefit of this disclosure that many more 

modifications than mentioned above are possible without departing from the inventive concepts 

disclosed herein. The invention, therefore, is not to be restricted except in the spirit of the 

appended claims. 
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CLAIMS 

What is claimed is: 

1. A memory module comprising: 

a printed circuit board (PCB) having an interface configured to fit into a corresponding 

slot connector of a host system, the interface including a plurality of edge connections 

configured to couple power, data, address and control signals between the memory module and 

the host system; 

a first buck converter configured to provide a first regulated voltage having a first voltage 

amplitude; 

a second buck converter configured to provide a second regulated voltage having a 

second voltage amplitude; 

a third buck converter configured to provide a third regulated voltage having a third 

voltage amplitude; 

a converter circuit configured to provide a fourth regulated voltage having a fourth 

voltage amplitude; and 

a plurality of components coupled to the PCB, each component of the plurality of 

components coupled to one or more regulated voltages of the first, second, third and fourth 

regulated voltages, the plurality of components comprising: 

a plurality of synchronous dynamic random access memory (SDRAM) devices 

coupled to the first regulated voltage, and 

at least one circuit coupled between a first portion of the plurality of edge 

connections and the plurality of SDRAM devices, the at least one circuit operable to (i) 

receive a first plurality of address and control signals via the first portion of the plurality 

of edge connections, and (ii) output a second plurality of address and control signals to 

the plurality of SDRAM devices, the at least one circuit coupled to both the second 

regulated voltage and the fourth regulated voltage, wherein one of the second and fourth 

voltage amplitudes is less than the other one of the second and fourth voltage amplitudes. 

2. The memory module of claim 1, wherein the first and third buck converters are further 

configured to operate as a dual buck converter. 
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3. The memory module of claim 1, wherein the first voltage amplitude is 1.8 volts. 

4. The memory module of claim 1, wherein the second, third, and fourth voltage amplitudes 

are 2.5 volts, 1.2 volts, and 3.3 volts, respectively. 

5. The memory module of claim 1, further comprising: 

a voltage monitor circuit configured to monitor a power input voltage received via a 

second portion of the plurality of edge connections, the voltage monitor circuit configured to 

produce a trigger signal in response to the power input voltage having a voltage amplitude that is 

greater than a first threshold voltage. 

6. The memory module of claim 1, the plurality of components further comprising: 

one or more registers coupled to one of the first, second, third and fourth regulated 

voltages, the one or more registers configured to register, in response to a clock, the first 

plurality of address and control signals, wherein the one of the first, second, third and fourth 

regulated voltages is selectively switched off to turn power off to the one or more registers while 

one or more components of the plurality of components are powered on. 

7. The memory module of claim 5, wherein the voltage monitor circuit is further configured 

to produce the trigger signal in response to the power input voltage having a voltage amplitude 

that is less than a second threshold voltage. 

8. The memory module of claim 6, wherein, in response to selectively switching on the one 

of the first, second, third and fourth regulated voltages to the one or more registers, the one or 

more registers is configured to output the registered first plurality of address and control signals 

to the plurality of SDRAM devices. 

9. The memory module of claim 5, wherein the power input voltage is coupled to the first, 

second, and third buck converters and the converter circuit. 
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10. The memory module of claim 5, wherein the first threshold voltage corresponds to a 

voltage level that is ten percent greater than a specified operating voltage. 

11. The memory module of claim 7, wherein the second threshold voltage corresponds to a 

voltage level that is ten percent less than a specified operating voltage. 

12. The memory module of claim 5, the plurality of components further comprising: 

a logic element including a non-volatile memory, the non-volatile memory is configured 

to store configuration information. 

13. The memory module of claim 12, wherein, in response to the trigger signal, the logic 

element writes information into the non-volatile memory. 

14. The memory module of claim 1, the plurality of components further comprising: 

a logic element including one or more integrated circuits and discrete electrical elements, 

the one or more integrated circuit including an internal non-volatile memory, wherein the non-

volatile memory is configured to store configuration information. 

15. The memory module of claim 5, the plurality of components further comprising: 

a non-volatile memory; and 

a controller configured to receive the trigger signal, wherein, in response to the trigger 

signal, the controller performs a write operation to the non-volatile memory. 

16. A memory module comprising: 

a printed circuit board (PCB) having an interface configured to fit into a corresponding 

slot connector of a host system, the interface including a plurality of edge connections 

configured to couple power, data, address and control signals between the memory module and 

the host system; 

first, second, and third buck converters configured to receive a pre-regulated input 

voltage and to produce first, second and third regulated voltages, respectively; 
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a converter circuit configured to reduce the pre-regulated input voltage to provide a 

fourth regulated voltage, wherein the first, second, third and fourth regulated voltages have first, 

second, third, and fourth voltage amplitudes, respectively; 

a plurality of components coupled to the PCB, the plurality of components including a 

plurality of synchronous dynamic random access memory (SDRAM) devices, each component of 

the plurality of components coupled to one or more regulated voltages of the first, second, third 

and fourth regulated voltages; and 

a voltage monitor circuit configured to monitor an input voltage received via a first 

portion of the plurality of edge connections, the voltage monitor circuit configured to produce a 

signal in response to the input voltage having a voltage amplitude that is greater than a first 

threshold voltage. 

17. The memory module of claim 16, wherein the second and third buck converters are 

configured to operate as a dual buck converter. 

18. The memory module of claim 16, the plurality of components further including: 

a controller coupled to the voltage monitor circuit and configured to receive the signal, 

wherein the controller executes a write operation in response to the signal. 

19. The memory module of claim 18, wherein the write operation includes writing data 

information into non-volatile memory. 

20. The memory module of claim 16, wherein the plurality of SDRAM devices are 

configured to receive at least one of the first, second, third and fourth regulated voltages having a 

voltage amplitude of 1.8 volts. 

21. The memory module of claim 16, the plurality of components further including: 

at least one circuit coupled between the interface and the plurality of SDRAM devices, 

the at least one circuit operable to receive a first plurality of address and control signals via a 

second portion of the plurality of edge connections and to output a second plurality of address 

and control signals to the plurality of SDRAM devices, the at least one circuit coupled to both 
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the second regulated voltage and the fourth regulated voltage, wherein one of the second and 

fourth voltage amplitudes is less than the other one of the second and fourth voltage amplitudes. 

22. The memory module of claim 16, the plurality of components further including: 

a logic element including an internal non-volatile memory, wherein the non-volatile 

memory is configured to store configuration information, wherein the configuration information 

is used to program the logic element. 

23. A memory module comprising: 

a printed circuit board (PCB) having an interface configured to fit into a corresponding 

slot connector of a host system, the interface including a plurality of edge connections 

configured to couple power, data, address and control signals between the memory module and 

the host system; 

a plurality of components coupled to the PCB, each component of the plurality of 

components coupled to one or more regulated voltages of first, second, third and fourth regulated 

voltages, the plurality of components including a plurality of synchronous dynamic random 

access memory (SDRAM) devices and one or more registers, the plurality of SDRAM devices 

coupled to the first regulated voltage, the one or more registers coupled to (i) the second 

regulated voltage, (ii) a portion of the plurality of edge connections, and (iii) the plurality of 

SDRAM devices, wherein a plurality of address and control signals are coupled to the one or 

more registers via the portion of the plurality of edge connections; 

first, second, and third buck converters configured to provide the first, second and third 

regulated voltages, respectively; and 

a converter circuit configured to provide the fourth regulated voltage, 

wherein the second regulated voltage is configured to be selectively switched on or off to 

the one or more registers while at least the plurality of SDRAM devices are powered on, 

wherein if the second regulated voltage is switched on while at least the plurality of 

SDRAM devices are powered on, the one or more registers are configured to couple the first 

plurality of address and control signals to the plurality of SDRAM devices, and 
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wherein if the second regulated voltage is switched off while the plurality of SDRAM 

devices are powered on, the one or more registers are configured to decouple the plurality of 

SDRAM devices from the first plurality of address and control signals. 

24. The memory module of claim 23, further comprising: 

a voltage monitor circuit configured to monitor an input voltage received from the host 

system via the interface, the voltage monitor circuit configured to produce a signal in response to 

the input voltage having a voltage amplitude that is greater than a first threshold voltage. 

25. The memory module of claim 24, wherein the voltage monitor circuit is further 

configured to produce the signal in response to the input voltage having a voltage amplitude that 

is less than a second threshold voltage. 

26. The memory module of claim 23, wherein the second and third buck converters are 

configured to operate as a dual buck converter. 

27. The memory module of claim 24, the plurality of components further including: 

a controller coupled to the voltage monitor circuit and configured to receive the signal, 

wherein, in response to the signal, the controller executes a write operation. 

28. The memory module of claim 27, wherein the write operation includes writing data 

information to non-volatile memory. 

29. The memory module of claim 23, wherein the plurality of SDRAM devices are 

configured to receive at least one of the first, second, third and fourth regulated voltages having a 

voltage amplitude of 1.8 volts. 

30. The memory module of claim 23, wherein the first, second, and third buck converters are 

configured to receive a pre-regulated input voltage and to provide the first, second and third 
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regulated voltages, respectively, and wherein the converter circuit is configured to reduce the 

pre-regulated voltage input to provide the fourth regulated voltage. 
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ABSTRACT 

In certain embodiments, a memory module includes a printed circuit board (PCB) having 

an interface that couples it to a host system for provision of power, data, address and control 

signals. First, second, and third buck converters receive a pre-regulated input voltage and 

produce first, second and third regulated voltages. A converter circuit reduces the pre-regulated 

input voltage to provide a fourth regulated voltage. Synchronous dynamic random access 

memory (SDRAM) devices are coupled to one or more regulated voltages of the first, second, 

third and fourth regulated voltages, and a voltage monitor circuit monitors an input voltage and 

produces a signal in response to the input voltage having a voltage amplitude that is greater than 

a threshold voltage. 
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Name Khaled Shami (Print/Typed) Practitioner 38 745 Registration Number

Note: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. 
Submit multiple forms if more than one signature is required." 

"Total of forms are submitted. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your 
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements of 
the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) 
furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the 
U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent application or 
patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not be able to 
process and/or examine your submission, which may result in termination of proceedings or abandonment of the 
application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of 
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.0 552a). Records from this system of records may 
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the 
Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence 
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of 
settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to whom the record pertains, when the individual has requested assistance from 
the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having 
need for the information in order to perform a contract. Recipients of information shall be required to comply 
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of 
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property 
Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes 
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 
218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General 
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's 
responsibility to recommend improvements in records management practices and programs, under authority of 
44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing 
inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such 
disclosure shall not be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a 
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record 
was filed in an application which became abandoned or in which the proceedings were terminated and which 
application is referenced by either a published application, an application open to public inspection or an issued 
patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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PTO/AIA/14 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Application Data Sheet 37 CFR 1.76 
Attorney Docket Number 0016.001000H 

Application Number 

Title of Invention FLASH-DRAM HYBRID MEMORY MODULE 

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the 
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76. 
This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the document 
may be printed and included in a paper filed application. 

Secrecy Order 37 CFR 5.2: 

m  Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to 37 
I—I CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.) 

Inventor Information: 

Inventor 1 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Hyun Lee 

Residence Information (Select One) 0 US Residency O Non US Residency O Active US Military Service 

City Ladera Ranch State/Province CA Country of Residence I US 

Mailing Address of Inventor: 

Address 1 21 Thalia Street 

Address 2 

City Ladera Ranch State/Province CA 

Postal Code I 92694 I Country i I US 

Inventor 2 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Chi-She Chen 

Residence Information (Select One) ® US Residency O Non US Residency O Active US Military Service 

City Walnut State/Province CA Country of Residence i US 

Mailing Address of Inventor: 

Address 1 944 Crystal Water Lane 

Address 2 

City Walnut State/Province CA 

Postal Code 91789 Country i US 

Inventor 3 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Jeffrey C. Solomon 

WEB ADS 1.0 
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number. 

Application Data Sheet 37 CFR 1.76 
Attorney Docket Number 0016.001000H 

Application Number 

Title of Invention FLASH-DRAM HYBRID MEMORY MODULE 

Residence Information (Select One) ® US Residency O Non US Residency O Active US Military Service 

City Irvine State/Province CA Country of Residence i US 

Mailing Address of Inventor: 

Address 1 6 Silver Fir 

Address 2 

City Irvine State/Province CA 

Postal Code I 92604 I Country i I US 

Inventor 4 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Scott H. Milton 

Residence Information (Select One) C) US Residency O Non US Residency O Active US Military Service 

City Irvine State/Province CA Country of Residence I US 

Mailing Address of Inventor: 

Address 1 49 Statehouse Place 

Address 2 

City Irvine State/Province CA 

Postal Code 92602 Country i US 

Inventor 5 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Jayesh Bhakta 

Residence Information (Select One) ® US Residency O Non US Residency O Active US Military Service 

City Cerritos State/Province CA Country of Residence i US 

Mailing Address of Inventor: 

Address 1 12220 Rose Street 

Address 2 

City Cerritos State/Province CA 

Postal Code 90703 Country i US 

All Inventors Must Be Listed - Additional Inventor Information blocks may be generated 
within this form by selecting the Add button. 

Add 

Correspondence Information: 
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Approved for use through 04/30/2017. OMB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number. 

Application Data Sheet 37 CFR 1.76 
Attorney Docket Number 0016.001000H 

Application Number 

Title of Invention FLASH-DRAM HYBRID MEMORY MODULE 

Enter either Customer Number or complete the Correspondence Information section below. 
For further information see 37 CFR 1.33(a). 

An Address is being provided for the correspondence Information of this application. 

Customer Number 151145 

Email Address Add Email Remove Email 

Application Information: 

Title of the Invention FLASH-DRAM HYBRID MEMORY MODULE 

Attorney Docket Number 0016.001000H Small Entity Status Claimed ❑ 

Application Type 

Subject Matter 

Total Number of Drawing Sheets (if any) 22 Suggested Figure for Publication (if any) 

Filing By Reference: 
Only complete this section when filing an application by reference under 35 U.S.C. 111(c) and 37 CFR 1.57(a). Do not complete this section if 
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be 
provided in the appropriate section(s) below (i.e., "Domestic Benefit/National Stage Information" and "Foreign Priority Information"). 

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this 
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). . 

Application number of the previously 
filed application 

Filing date (YYYY-MM-DD) Intellectual Property Authority or Country 

Publication Information: 
Request Early Publication (Fee required at time of Request 37 CFR 1.219) 

Request Not to Publish. I hereby request that the attached application not be published under 35 U.S.C. 
n 122(b) and certify that the invention disclosed in the attached application has not and will not be the subject of an 
  application filed in another country, or under a multilateral international agreement, that requires publication at eighteen 

months after filing. 

Representative Information: 

Representative information should be provided for all practitioners having a power of attorney in the application. Providing 
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32). 
Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer Number 
will be used for the Representative Information during processing. 

Please Select One: 0 Customer Number O US Patent Practitioner O Limited Recognition (37 CFR 11.9) 

Customer Number 151145 

WEB ADS 1.0 
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number. 

Application Data Sheet 37 CFR 1.76 
Attorney Docket Number 0016.001000H 

Application Number 

Title of Invention FLASH-DRAM HYBRID MEMORY MODULE 

Prefix Given Name Middle Name Family Name Suffix 
Remove 

Registration Number 

Prefix Given Name Middle Name Family Name Suffix 
Remove 

Registration Number 

Additional Representative Information blocks may be generated within this form by 
selecting the Add button. 

Domestic Benefit/National Stage Information: 
This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate National 
Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes the specific 
reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78. 
When referring to the current application, please leave the "Application Number" field blank. 

Prior Application Status Pending Remove 

Application Number Continuity Type Prior Application Number 
Filing or 371(c) 

(YYYY-MM-DD) 
Date 

Prior Application Status 

Continuation of 

Patented 

15934416 2018-03-23 

Remove 

Application 
Number 

Continuity Type 
Prior Application 

Number 
Filing Date 

(YYYY-MM-DD) 
Patent Number 

Issue Date 
(YYYY-MM-DD) 

15934416 

Prior Application 

Continuation 

Status 

of 

Patented 

14840865 2015-08-31 9928186 2018-03-27 

Remove 

Application 
Number 

Continuity Type 
Prior Application 

Number 
Filing Date 

(YYYY-MM-DD) 
Patent Number 

Issue Date 
(YYYY-MM-DD) 

14840865 Continuation of 14489269 2014-09-17 9158684 2015-10-13 

Prior Application Status Patented Remove 

Application 
Number 

Continuity Type 
Prior Application 

Number 
Filing Date 

(YYYY-MM-DD) 
Patent Number 

Issue Date 
(YYYY-MM-DD) 

14489269 

Prior Application 

Continuation 

Status 

of 

Expired 

13559476 2012-07-26 8874831 2014-10-28 

Remove 

Application Number Continuity Type Prior Application Number 
Filing or 371(c) Date 

(YYYY-MM-DD) 

13559476 Claims benefit of provisional 61512871 2011-07-28 
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Samsung Electronics Co., Ltd.
Ex. 1002, p. 117



PTO/AIA/14 (08-15) 
Approved for use through 04/30/2017. OMB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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Application Data Sheet 37 CFR 1.76 
Attorney Docket Number 0016.001000H 

Application Number 

Title of Invention FLASH-DRAM HYBRID MEMORY MODULE 

Prior Application Status Patented Remove 

Application 
Number 

Continuity Type 
Prior Application 

Number 
Filing Date 

(YYYY-MM-DD) 
Patent Number 

Issue Date 
(YYYY-MM-DD) 

13559476 

Prior Application 

Continuation in part of 

Status Abandoned 

12240916 2008-09-29 8301833 2012-10-30 

Remove 

Application Number Continuity Type Prior Application Number 
Filing or 371(c) Date 

(YYYY-MM-DD) 

12240916 

Prior Application Status 

Continuation of 

Expired 

12131873 2008-06-02 

Remove 

Application Number Continuity Type Prior Application Number 
Filing or 371(c) Date 

(YYYY-MM-DD) 

12131873 Claims benefit of provisional 60941586 2007-06-01 

Additional Domestic Benefit/National Stage Data may be generated within this form by 
selecting the Add button. 

Foreign Priority Information: 

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet 

constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application that is eligible 

for retrieval under the priority document exchange program (PDX) the information will be used by the Office to automatically attempt retrieval 

pursuant to 37 CFR 1.55(1)(1) and (2). Under the PDX program, applicant bears the ultimate responsibility for ensuring that a copy of the foreign 

application is received by the Office from the participating foreign intellectual property office, or a certified copy of the foreign priority 

application is filed, within the time period specified in 37 CFR 1.55(9)(1). 

Application Number Country ) Filing Date (YYYY-MM-DD) Access Codel(if applicable) 

Additional Foreign Priority Data may be generated within this form by selecting the Add 
button. 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition 
Applications 

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also 
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March 

n 16, 2013. 
NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March 
16, 2013, will be examined under the first inventor to file provisions of the AIA. 
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Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number. 

Application Data Sheet 37 CFR 1.76 
Attorney Docket Number 0016.001000H 

Application Number 

Title of Invention FLASH-DRAM HYBRID MEMORY MODULE 

Authorization or Opt-Out of Authorization to Permit Access: 

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written authority to 
permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see paragraph A in 
subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant application (see 
paragraph B in subsection 1 below). 

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the 
authorization by checking the corresponding box A or B or both in subsection 2 below. 

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an application. 
After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind authorization for access 
by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate. 

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s) 

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the undersigned 
hereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office (JPO), the Korean 
Intellectual Property Office (KIPO), the State Intellectual Property Office of the People's Republic of China (SIPO), the World 
Intellectual Property Organization (WIPO), and any other foreign intellectual property office participating with the USPTO in a 
bilateral or multilateral priority document exchange agreement in which a foreign application claiming priority to the instant 
patent application is filed, access to: (1) the instant patent application-as-filed and its related bibliographic data, (2) any foreign 
or domestic application to which priority or benefit is claimed by the instant application and its related bibliographic data, and 
(3) the date of filing of this Authorization. See 37 CFR 1.14(h)(1). 

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked, the 
undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search results from 
the instant patent application when a European patent application claiming priority to the instant patent application is filed. See 
37 CFR 1.14(h)(2). 

The applicant is reminded that the EPO's Rule 141(1) EPC (European Patent Convention) requires applicants to submit a copy of 
search results from the instant application without delay in a European patent application that claims priority to the instant 
application. 

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s) 

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant 
n application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with any 

documents and information identified in subsection lA above. 

m  B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent 
I—I application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant application. 

NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the application in 
accordance with 37 CFR 1.14. 
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Application Data Sheet 37 CFR 1.76 
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Application Number 

Title of Invention FLASH-DRAM HYBRID MEMORY MODULE 

Applicant Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR to have 
an assignment recorded by the Office. 

Applicant 1 
If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed. The 
information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR 1.43; or the 
name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person who otherwise shows 
sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an applicant under 37 CFR 1.46 (assignee, 
person to whom the inventor is obligated to assign, or person who otherwise shows sufficient proprietary interest) together with one or more 
joint inventors, then the joint inventor or inventors who are also the applicant should be identified in this section. 

Clear 

0  Assignee Q Legal Representative under 35 U.S.C. 117 Q Joint Inventor 

O Person to whom the inventor is obligated to assign. Q Person who shows sufficient proprietary interest 

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is: 

Name of the Deceased or Legally Incapacitated Inventor: 

If the Applicant is an Organization check here. L 
Organization Name Netlist, Inc. 

Mailing Address Information For Applicant: 

Address 1 175 Technology Drive 

Address 2 Suite 150 

City Irvine State/Province CA 

Country ) US Postal Code 92618 

Phone Number Fax Number 

Email Address 

Additional Applicant Data may be generated within this form by selecting the Add button. 
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Application Number 

Title of Invention FLASH-DRAM HYBRID MEMORY MODULE 

Assignee Information including Non-Applicant Assignee Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of 
CFR to have an assignment recorded by the Office. 

Assignee 1 
Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent application 
publication. An assignee-applicant identified in the "Applicant Information" section will appear on the patent application publication as an 
applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the patent application 
publication. 

If the Assignee or Non-Applicant Assignee is an Organization check here. 0 

Organization Name 
Netlist, Inc. 

Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 1 175 Technology Drive 

Address 2 Suite 150 

City Irvine State/Province CA 

Country i US Postal Code 92618 

Phone Number Fax Number 

Email Address 

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by 
selecting the Add button. 
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Application Data Sheet 37 CFR 1.76 
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Application Number 

Title of Invention FLASH-DRAM HYBRID MEMORY MODULE 

Signature: 
NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application Data Sheet 
is submitted with the INITIAL filing of the application and either box A or B is not checked in subsection 2 of the 
"Authorization or Opt-Out of Authorization to Permit Access" section, then this form must also be signed in accordance 
with 37 CFR 1.14(c). 

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic entity (e. 
g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a patent practitioner, 
all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given power of attorney (e.g., 
see USPTO Form PTO/AIA/81) on behalf of all joint inventor-applicants. 

See 37 CFR 1.4(d) for the manner of making signatures and certifications. 

Signature /Khaled Shami/ Date (YYYY-MM-DD) 

First Name Khaled Last Name Shami Registration Number 38745 

Additional Signature may be generated within this form by selecting the Add button. 

WEB ADS 1.0 
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Electronic Patent Application Fee Transmittal 

Application Number: 

Filing Date: 

Title of Invention: FLASH-DRAM HYBRID MEMORY MODULE 

First Named Inventor/Applicant Name: Hyun Lee 

Filer: Khaled Shami/Stephanie Semler 

Attorney Docket Number: 0016.001000H 

Filed as Large Entity 

Filing Fees for Track I Prioritized Examination - Nonprovisional Application under 35 USC 111(a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USD($) 

Basic Filing: 

UTILITY APPLICATION FILING 1011 1 320 320 

UTILITY SEARCH FEE 1111 1 700 700 

UTILITY EXAMINATION FEE 1311 1 800 800 

REQUEST FOR PRIORITIZED EXAMINATION 1817 1 4200 4200 

Pages: 

Claims: 

Miscellaneous-Filing: 

PROCESSING FEE, EXCEPT PROV. APPLS. 1830 1 140 140 
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Description Fee Code Quantity Amount 
Sub-Total in 

USD($) 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 

Miscellaneous: 

Total in USD ($) 6160 
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Electronic Acknowledgement Receipt 

EFS ID: 41526926 

Application Number: 17138766 

International Application Number: 

Confirmation Number: 8804 

Title of Invention: FLASH-DRAM HYBRID MEMORY MODULE 

First Named Inventor/Applicant Name: Hyun Lee 

Customer Number: 151145 

Filer: Khaled Shami/Stephanie Semler 

Filer Authorized By: Khaled Shami 

Attorney Docket Number: 0016.001000H 

Receipt Date: 30-DEC-2020 

Filing Date: 

Time Stamp: 21:04:29 

Application Type: Utility under 35 USC 111(a) 

Payment information: 

Submitted with Payment yes 

Payment Type CARD 

Payment was successfully received in RAM $6160 

RAM confirmation Number E2020BTL11438211 

Deposit Account 602034 

Authorized User Stephanie Semler 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 

37 CFR 1.16 (National application filing, search, and examination fees) 

37 CFR 1.17 (Patent application and reexamination processing fees) 
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37 CFR 1.19 (Document supply fees) 

37 CFR 1.20 (Post Issuance fees) 

37 CFR 1.21 (Miscellaneous fees and charges) 

File Listing: 

Document 
Number 

Document Description File Name 
File Size(Bytes)/ 
Message Digest 

Multi 
Part /.zip 

Pages 
(if appl.) 

1 Power of Attorney NetlistPostAIAPOA.pdf 

711728 

no 1 
e45 cea84246703abf611 cO9b1c5115 Ocafd 7 

cb72 

Warnings: 

The page size in the PDF is too large. The pages should be 8.5 x 11 or A4. If this PDF is submitted, the pages will be resized upon entry into the 
Image File Wrapper and may affect subsequent processing 

Information: 

2 Oath or Declaration filed 0016001000H_InvDec.pdf 

448715 

no 5 
e3e1024451ed3cd6e1c6.3ed595c4a0adf7a2 

2b58 

Warnings: 

Information: 

3 
Drawings-only black and white line 

drawings 
0016001000H_Drwgs.pdf 

4555960 

no 22 
1 0944aad8e0d3b0b62a67fd9fd 555 d 91238 

f91 a 

Warnings: 

Information: 

4 0016001000H_Application.pdf 

579398 

yes 83 
655826dmada39c576f09b511b559657115 

251b 

Multipart Description/PDF files in .zip description 

Document Description Start End 

Specification 1 75 

Claims 76 82 

Abstract 83 83 

Warnings: 

Information: 
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5 Power of Attorney 
0016001000H_POA_Transmitta 

I.pdf 

195754 

no 1 
dc1b846e0e8d107ff5950a5e22af92bbdb8 

del 8 

Warnings: 

Information: 

6 TrackOne Request 
0016001000H_TrackOneReque 

stForm_aia0424.pdf 

129042 

no 2 
5c434a352f92938e975464791254e9c.346 

51d5 

Warnings: 

Information: 

7 Application Data Sheet WebADS.pdf 

179961 

no 9 
6433064bb5b9d022c5c24ddOba25bc33a 

eb7eb 

Warnings: 

Information: 

8 Fee Worksheet (SB06) fee-info.pdf 

38288 

no 2 
fa419fbe8f3b24170d0188bb4e59632311ef 

315b 

Warnings: 

Information: 

Total Files Size (in bytes): 6838846 

This Acknowledgement Receipt evidences receipt 
characterized by the applicant, and including page 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 

on the noted date by the USPTO 
counts, where applicable. 

includes the necessary components 
1.54) will be issued in due 
date of the application. 

35 U.S.C. 371 

of the indicated documents, 
It serves as evidence of receipt similar to a 

for a filing date (see 37 CFR 
course and the date shown on this 

is compliant with the conditions of 35 
acceptance of the application as a 

Filing Receipt, in due course. 

includes the necessary components for 
of the International Application Number 

subject to prescriptions concerning 
establish the international filing date of 

If a new application is being filed and the application 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 
Acknowledgement Receipt will establish the filing 
National Stage of an International Application under 
If a timely submission to enter the national stage of an international application 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating 
national stage submission under 35 U.S.C. 371 will be issued in addition to the 
New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application 
an international filing date (see PCT Article 11 and MPEP 1810), a Notification 
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, 
national security, and the date shown on this Acknowledgement Receipt will 
the application. 
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Doc Code: PA.. 
Document Description: Power of Attorney 

PTO/AIA/82A (07-13) 
Approved for use through 01/31/2018. OMB 0651-0035 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number. 

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE 
REGISTERED PRACTITIONERS 

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B) to identify the application to which the 
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of 
Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA82B identifies the application to which the Power of Attorney is 
directed, the Power of Attorney will not be recognized in the application. 

Application Number To Be Assigned 
Filing Date To Be Assigned 

First Named Inventor Hyun Lee

Title FLASH-DRAM HYBRID MEMORY MODULE 

Art Unit To Be Assigned 
Examiner Name To Be Assigned 
Attorney Docket Number 0016.001000H 

SIGNATURE of Applicant or Patent Practitioner 

Signature /Khaled Shami/ Date (Optional) 

Name Khaled Shami Registration 
Number 

38,745 

Title (if Applicant is a 
juristic entity) 

Applicant Name (if Applicant is a juristic entity) 

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. If 
more than one applicant, use multiple forms. 

*Total of forms are submitted. 

This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. The information is required to obtain or retain a benefit by 
the public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 
1.11 and 1.14. This collection is estimated to take 3 minutes to complete, including gathering, preparing, and submitting the completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require 
to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 
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Office of the Chief Financial Officer 

Document Code:WFEE 

User :C41739 
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Document Number 
120211 DH03073615 

Effective Date 
12/30/2020 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

m. 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, VirgLnia 22313-1450 
www.uspto.gov 

NUMBER APPLICATION I 371(c) FILIN DATE G or I GRUPNIT ART I FIL FEE REC'D I ATTY.DOCKET.NO ITOT CLAIMS I IND CLAIMS 
17/138,766 12/30/2020 

151145 
Shami Messinger PLLC 
1000 Wisconsin Ave. NW 
Suite 200 
Washington, DC 20007 

1731 2820 0016.001000H 30 3 
CONFIRMATION NO. 8804 

FILING RECEIPT 

IIIIIIIIIIIII 111111111A1411111IIIIIIIIIIII 

Date Mailed: 01/19/2021 

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for 
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence 
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER, 
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are 
subject to collection. 

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please 
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes 
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or 
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt 
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another 
Filing Receipt incorporating the requested corrections provided that the request is grantable. 

I nventor(s) 
Hyun Lee, Ladera Ranch, CA; 
Chi-She Chen, Walnut, CA; 
Jeffrey C. Solomon, Irvine, CA; 
Scott H. Milton, Irvine, CA; 
Jayesh Bhakta, Cerritos, CA; 

Applicant(s) 
Netlist, Inc., Irvine, CA; 

Assignment For Published Patent Application 
Netlist, Inc., Irvine, CA 

Power of Attorney: The patent practitioners associated with Customer Number 151145 

Domestic Priority data as claimed by applicant 
This application is a CON of 15/934,416 03/23/2018 
which is a CON of 14/840,865 08/31/2015 PAT 9928186 
which is a CON of 14/489,269 09/17/2014 PAT 9158684 
which is a CON of 13/559,476 07/26/2012 PAT 8874831 
which claims benefit of 61/512,871 07/28/2011 
and is a CIP of 12/240,916 09/29/2008 PAT 8301833 
which is a CON of 12/131,873 06/02/2008 ABN 
which claims benefit of 60/941,586 06/01/2007 
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Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution 
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None. 
Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to 
foreign priority. See 37 CFR 1.55 and 1.76. 

Permission to Access Application via Priority Document Exchange: Yes 

Permission to Access Search Results: Yes 

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as 
appropriate. 

If Required, Foreign Filing License Granted: 01/14/2021 

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 17/138,766 

Projected Publication Date: 04/29/2021 

Non-Publication Request: No 

Early Publication Request: No 
Title 

FLASH-DRAM HYBRID MEMORY MODULE 

Preliminary Class 

501 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no 
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent 
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international 
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same 
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing 
of patent applications on the same invention in member countries, but does not result in a grant of "an international 
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent 
protection is desired. 

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an 
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ 
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific 
foreign countries to ensure that patent rights are not lost prematurely. 

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 
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Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the 
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign 
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it 
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html. 

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258). 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

GRANTED 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier 
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless 
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This 
license is not retroactive. 

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter 
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national 
security or the export of technical data. Licensees should apprise themselves of current regulations especially with 
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of 
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and 
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of 
Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 
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SelectUSA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for 
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+1-202-482-6800. 
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PATENT APPLICATION FEE DETERMINATION RECORD 
Substitute for Form PTO-875 

Application or Docket Number 

17/138,766 

APPLICATION AS FILED - PART I 
(Column 1) (Column 2) 

FOR NUMBER FILED NUMBER EXTRA 

BASIC FEE 
(37 CFR 1.16(a), (b), or (c)) N/A N/A 

SEARCH FEE 
(37 CFR 1.16(k), (i), or (m)) N/A N/A 

EXAMINATION FEE 
(37 CFR 1.16(o), (p), or (q)) N/A N/A 

TOTAL CLAIMS 
(37 CFR 1.16(0) 

30 minus 20= 10

INDEPENDENT CLAIMS 
(37 CFR 1.16(h)) 3 minus 3 = 

APPLICATION SIZE 
FEE 
(37 CFR 1.16(s)) 

If the specification and drawings exceed 100 
sheets of paper, the application size fee due is 
$310 ($155 for small entity) for each additional 
50 sheets or fraction thereof. See 35 U.S.C. 
41(a)(1)(G) and 37 CFR 1.16(s). 

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 

* If the difference in column 1 is less than zero, enter "0" in column 2. 
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Minus = 
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(37 CFR 1.16(h)) 
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A
M

E
N

D
M

E
N

T
 B

 

CLAIMS 
REMAINING 
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NUMBER 

PREVIOUSLY 
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EXTRA 

Total 
(37 CFR 1.16(i)) 
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(37 CFR 1.16(h)) 
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Application Size Fee (37 CFR 1.16(s)) 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

SMALL ENTITY OR 

OR 

OTHER THAN 
SMALL ENTITY 

RATE($) FEE($) RATE($) FEE($) 
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"" If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". 
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.,O47'"ant.,,, UNITED STATES PATENT AND TRADEMARK OFFICE 

4 : UNITED STATES DEPARTMENT OF COMMERCE 
i 1i, United States Patent and Trademark Office 

-.4t 4....- ! Address: COMMISSIONER FOR PATENTS 
P.O. Box 1450 

i'4, -0''-'1''.1' Alexandria, Virginia 22313-1450 
lki3/4 ,,,,,,,co, www.uspto.gov 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

17/138,766 12/30/2020 

151145 7590 

Shami Messinger PLLC 
1000 Wisconsin Ave. NW 
Suite 200 
Washington, DC 20007 

01/26/2021 

Hyun Lee 0016.001000H 8804 

EXAMINER 

ART UNIT PAPER NUMBER 

2135 

NOTIFICATION DATE DELIVERY MODE 

01/26/2021 ELECTRONIC 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the 
following e-mail address(es): 

khaled@shamimessinger.com 
mike@shamimessinger.com 
stephanie@shamimessinger.com 

PTOL-90A (Rev. 04/07) 
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Decision Granting Request for 
Prioritized Examination (Track I) 

Application No. 
17/138,766 

Applicant(s) 

Lee et al. 

Examiner 

CHERYL P GIBSON 
BAYLOR 

Art Unit 
OPET 

AIA (FITF) Status 
No 

1. THE REQUEST FILED 30 December 2020 IS GRANTED . 

The above-identified application has met the requirements for prioritized examination 
A. O for an original nonprovisional application (Track I). 
B. 0 for an application undergoing continued examination (RCE). 

2. The above-identified application will undergo prioritized examination. The application will be 
accorded special status throughout its entire course of prosecution until one of the following occurs: 

A. filing a petition for extension of time to extend the time period for filing a reply; 

B. filing an amendment to amend the application to contain more than four 
independent claims. more than thirty total claims  , or a multiple dependent claim; 

C. filing a request for continued examination ; 

D. filing a notice of appeal; 

E. filing a request for suspension of action; 

F. mailing of a notice of allowance; 

G. mailing of a final Office action; 

H. completion of examination as defined in 37 CFR 41.102; or 

I. abandonment of the application. 

Telephone inquiries with regard to this decision should be directed to CHERYL GIBSON BAYLOR at 

(571)272-3213. In his/her absence, calls may be directed to Petition Help Desk at (571) 272-3282. 

/CHERYL GIBSON BAYLOR/ 
Paralegal Specialist, OPET 

U.S. Patent and Trademark Office 
PTO-2298 (Rev. 02-2012) 
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.,O47'"ant.,,, UNITED STATES PATENT AND TRADEMARK OFFICE 

4 : UNITED STATES DEPARTMENT OF COMMERCE 
i 1i, United States Patent and Trademark Office 

,-,it 4....- ! Address: COMMISSIONER FOR PATENTS 
P.O. Box 1450 

i'4, -0''-'1''.1' Alexandria, Virginia 22313-1450 
lki3/4 ,,,,,,,co, www.uspto.gov 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

17/138,766 12/30/2020 

151145 7590 

Shami Messinger PLLC 
1000 Wisconsin Ave. NW 
Suite 200 
Washington, DC 20007 

03/02/2021 

Hyun Lee 0016.001000H 8804 

EXAMINER 

FARROKH, HASHEM 

ART UNIT PAPER NUMBER 

2135 

NOTIFICATION DATE DELIVERY MODE 

03/02/2021 ELECTRONIC 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the 
following e-mail address(es): 

khaled@shamimessinger.com 
mike@shamimessinger.com 
stephanie@shamimessinger.com 

PTOL-90A (Rev. 04/07) 
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Application No. Applicant(s) 
17/138,766 Lee et al. 

Office Action Summary Examiner Art Unit AIA (FITF) Status 
HASH EM FARROKH 2135 No 

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING 
DATE OF THIS COMMUNICATION. 

- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing 
date of this communication. 

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term 
adjustment. See 37 CFR 1.704(b). 

Status 

1)0 Responsive to communication(s) filed on 12/30/2020.
0 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on 

2a)O This action is FINAL. 2b) 11 This action is non-final. 
3)O An election was made by the applicant in response to a restriction requirement set forth during the interview 

on ; the restriction requirement and election have been incorporated into this action. 
4)O Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims* 
5) rj Claim(s) 1-30 is/are pending in the application. 

5a) Of the above claim(s) is/are withdrawn from consideration. 

6) 1:1 Claim(s) 16-20 and 22-30 is/are allowed. 

7) EI Claim(s) 1-15 and 21 is/are rejected. 

8) 0 Claim(s) is/are objected to. 

9) 0 Claim(s) are subject to restriction and/or election requirement 
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a 

participating intellectual property office for the corresponding application. For more information, please see 

http://www.uspto.gov/patents/init events/pph/index.jsp or send an inquiry to PPHfeedbackauspto.gov. 

Application Papers 
10)O The specification is objected to by the Examiner. 

11)0 The drawing(s) filed on 12/30/2020 is/are: a)0 accepted or b)O objected to by the Examiner. 
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d). 

Priority under 35 U.S.C. § 119 
12)O Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 
a)11 All b)O Some** c)O None of the: 

1.0 Certified copies of the priority documents have been received. 

2.O Certified copies of the priority documents have been received in Application No. 

3.O Copies of the certified copies of the priority documents have been received in this National Stage 
application from the International Bureau (PCT Rule 17.2(a)). 

— See the attached detailed Office action for a list of the certified copies not received. 

Attachment(s) 

1) Ei Notice of References Cited (PTO-892) 

2) ❑ Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 
Paper No(s)/Mail Date . 

3) El Interview Summary (PTO-413) 

Paper No(s)/Mail Date 
4) EI Other: 

U.S. Patent and Trademark Office 

PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20210225 

Samsung Electronics Co., Ltd.
Ex. 1002, p. 138



Application/Control Number: 17/138,766 Page 2 
Art Unit: 2135 

Notice of Pre-AIA or AIA Status 

The present application is being examined under the pre-AIA first to invent 

provisions. 

The instant application having application No. 17/138,766 has a total of 30 claims 

pending in the application; there are 3 independent claim and 27 dependent claims, all 

of which are ready for examination by the examiner. 

ACKNOWLEDGEMENT OF REFERENCES CITED BY APPLICANT 

Information Disclosure Statement 

As required by M.P.E.P. 2001.06(b) and 37 C.F.R. 1.98(d), since the 

instant application has been identified as a continuation application of an earlier filed 

application and is relied upon for an earlier filing date under 35 U.S.C. 120, the 

examiner has reviewed the prior art cited in the earlier related application as required by 

M.P.E.P. 707.05 and 904 and as stated in M.P.E.P. 2001.06(b), no separate citation of 

the same prior art need be made by the applicants in the instant application. 

INFORMATION CONCERNING CLAIMS: 

Claim interpretation 

Claim limitations in this application do not use the v,ord "means" (or "step"), thus, 

they are not being interpreted under 35 U.S.C. 112(0 or pre-A/A 35 U.C.C. 112, sixth 

paragraph. 
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Application/Control Number: 17/138,766 Page 3 
Art Unit: 2135 

Claim Rejections - 35 USC § 112 

1. Claims 1-15 and 21 are rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-

A/A), second paragraph, as being indefinite for failing to particularly point out and 

distinctly claim the subject matter which the inventor or a joint inventor (or for 

applications subject to pre-AIA 35 U.S.C. 112, the applicant), regards as the invention. 

2. The independent claim 1 in lines 24-25 recite limitation: 

wherein one of the second and fourth voltage amplitudes is less than the other one of 
the second and fourth voltage amplitudes." 

It is not clear Mat is meant by "the other one of the second and fourth voltage 

amplitudes''. Dependent claims 2-15 are dependent from the independent claim 1 and 

are rejected by virtue of their dependency from the independent claim 1. Claim 21 

recites a similar limitation and rejected based on the same ground of rejection. 

3. Claims 1-15 and 21 are rejected because of lack sufficient antecedent basis. 

4. Claim 1 recites the limitation "the other one of the second and fourth voltage 

amplitudes" in 25. There is insufficient antecedent basis for this limitation in the claim. 

Dependent claims 2-15 are dependent from the independent claim 1 and are rejected 

by virtue of their dependency from the independent claim 1. Claim 21 recites a similar 

limitation and rejected based on the same ground of rejection. 

Samsung Electronics Co., Ltd.
Ex. 1002, p. 140



Application/Control Number: 17/138,766 Page 4 
Art Unit: 2135 

Allowable Subject Matter 

5. Claim16-20 and 22-30 are allowed. 

The following is an examiner's statement of reasons for allowance: 

6. The primary reasons for allowance of claims 16-20 in the instant application is 

the combination with the inclusion of the following limitations: "first, second, and third 

buck converters configured to receive a pre-regulated input voltage and to 

produce first, second and third regulated voltages, respectively; a plurality of 

components coupled to the PCB, the plurality of components including a plurality 

of synchronous dynamic random access memory (SDRAM) devices, each 

component of the pl €rality of components coupled to one or more regulated 

voltages of the first, second, third and fourth regulated voltages, and a voltage 

monitor circuit configured to monitor an input voltage received via a first portion 

of the plurality of edge connections, the voltage monitor circuit configured to 

produce a signal in response to the input voltage having a voltage amplitude that 

is greater than a first threshold voltage." 

7. The primary reasons for allowance of claims 23-30 in the instant application is 

the combination with the inclusion of the following limitations: "a plurality of 

components coupled to the PCB, each component of the piurality of components 

coupled to one or more regulated voltages of first, second, third and fourth 

regulated voltages, the plural€ty of components including a pl €rality of 

synchronous dynamic random access memory (SDRAM) devices and one or 
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more registers, the plurality of SDRAM devices coupled to the first regulated 

voltage, the one or more registers coupled to (i) the second regulated voltage, (ii) 

a portion of the plurality of edge connections, and (iii) the plurality of SDRAM 

devices, wherein a plurality of address and control signals are coupled to the one 

or more registers via the portion of the plural€ty of edge connections: first, 

second, and third buck converters configured to provide the first, second and 

third regulated voltages, respectively" 

Any comments considered necessary by applicant must be submitted no later 

than the payment of the issue fee and, to avoid processing delays, should preferably 

accompany the issue fee. Such submissions should be clearly labeled "Comments on 

Statement of Reasons for Allowance." 

Conclusion 

The prior art made of record and not relied upon are as follows: 

1. Chen et al. (US 20120271990 A 1). 

2. Bates (US 20070136523 A 1). 

3. Prete et al. (US 20080126624 A 1). 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to HASHEM FARROKH whose telephone number is 

(571)272-4193. The examiner can normally be reached Monday through Friday from 

8:30 am - 5:00 pm. 
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If attempts to reach the examiner by telephone are unsuccessful, the 

examiner's supervisor, Mr. Sanjiv Shah can be reached on (571)272-4098. The fax 

phone number for the organization where this application or proceeding is assigned 

is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 

Application Information Retrieval (PAIR) system. Status information for published 

applications may be obtained from either Private PAIR or Public PAIR. Status 

information for unpublished applications is available through Private PAIR only. For 

more information about the PAIR system, see http://pair-direct.uspto.gov. For questions 

regarding access to the Private PAIR system, contact the Electronic Business Center 

(EBC) at 866-217-9197 (toll-free). If you would like assistance from a USPTO Customer 

Service Representative or access to the automated information system, call 800-786-

9199 (IN USA OR CANADA) or 571-272-1000. 

/HASHEM FARROKH/ 
Primary Examiner, Art Unit 2135 

February 25, 2021 
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EAST Search History 

EAST Search History (Prior Art) 

Ref Hits Search Query DBs Default 
Operator 

Plurals Time 
Stamp 

S347 132 (buck$lconverter or (buck near5 US-PGPUB; 
convert$3)) with ((regulated adj USPAT; 
voltage) near2 (amplitude or value or USOCR; 
potential)) FPRS; EPO; 

JPO; 
DERWENT; 
IBM_TDB 

OR ON 2021/02/23 
15:55 

S348 

S349 

0 S347 and SDRAM US-PGPUB; 
US PAT; 
USOCR; 
FPRS; EPO; 
PO; 
DERWENT; 
IBM_TDB 

0 (((first near5 (buck adj converter)) US-PGPUB; 
with (second near5 (buck adj USPAT; 
converter)) with (thirsd near5 (buck i USOCR; 
adj converter))) or ((plurality or FPRS; EPO; 
multiple) near5 (buck adj JPO; 
converters))) with (supp$3 or DERWENT; 
produc$3 or generat$3 or creat$3) IBM_TDB 
with ((first near5 second near5 third) 
near5 (regulated adj voltages)) 

OR 

OR 

ON 2021/02/23 
16:00 

ON 2021/02/24 
ss 14:27 

S350 

S351 

S352 

2 (buck adj converters) with (regulated 
adj voltages) 

0 ((printed$1circuit$1board or (printed 
adj circuit adj board)) or PCB) with 
((plurality or muliple) near5 
((synchronous adj dynamic adj 
random adj access adj memor$3) or 
SDRAM)) with (regulated adj voltages) DERWENT; 

IBM_TDB 

0 (monitor$3 or detect$3) with (input US-PGPUB; 
adj voltage) with receiv$3 with (edje USPAT; 

US-PGPUB; 
US PAT; 
USOCR; 
FPRS; EPO; 
PO; 
DERWENT; 
IBM_TDB 

US-PGPUB; 
US PAT; 
USOCR; 
FPRS; EPO; 
JPO; 

adj connections) USOCR; 
FPRS; EPO; 
PO; 
DERWENT; 
IBM_TDB 

OR 

OR 

OR 

OFF 2021/02/24 
14:32 

OFF 2021/02/24 
14:55 

ON 2021/02/24 
15:00 
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S353 0 (monitor$3 or detect$3) with (input i US-PGPUB; 
adj voltage) with receiv$3 with (edje USPAT; 
adj connections) USOCR; 

FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

OR OFF 2021/02/24 
15:00 

S354 

S355 

33 (monitor$3 or detect$3) with (input US-PGPUB; 
adj voltage) with receiv$3 with USPAT; 
connections USOCR; 

FPRS; EPO; 
PO; 
DERWENT; 
IBM_TDB 

0 (((first near5 (buck adj converter)) US-PGPUB; 
same (second near5 (buck adj USPAT; 
converter)) same (thirsd near5 (buck i USOCR; 
adj converter))) or ((plurality or FPRS; EPO; 
multiple) near5 (buck adj JPO; 
converters))) same (supp$3 or DERWENT; 
produc$3 or generat$3 or creat$3) IBM_TDB 
same ((first near5 second near5 third) 
near5 (regulated adj voltages)) 

OR 

OR 

OFF 2021/02/24 
15:03 

ON 2021/02/24 
15:06 

S356 0 (((first near5 (buck adj converter)) US-PGPUB; 
same (second near5 (buck adj USPAT; 
converter)) same (thirsd near5 (buck USOCR; 
adj converter))) or ((plurality or FPRS; EPO; 
multiple) near5 (buck adj i JPO; 
converters))) same (supp$3 or DERWENT; 
produc$3 or generat$3 or creat$3) IBM_TDB 
same ((first near5 second near5 third) 
near5 (regulated adj voltages)) 

OR OFF 2021/02/24 
15:07 

S357 0 (monitor$3 or detect$3) with (input US-PGPUB; 
adj voltage) with receiv$3 with (edje USPAT; 
adj connect$4) USOCR; 

FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

OR ON 2021/02/24 
15:08 

S358 0 ((printed$lcircuit$lboard or (printed US-PGPUB; 
adj circuit adj board)) or PCB) with USPAT; 
((plurality or muliple) near5 USOCR; 
((synchronous adj dynamic adj FPRS; EPO; 
random adj access adj memor$3) or JPO; 
SDRAM)) with voltages DERWENT; 

IBM_TDB 

OR OFF 2021/02/24 
15:11 

S359 0 ((printed$1circuit$1board or (printed 
adj circuit adj board)) or PCB) same 
((plurality or muliple) near5 
((synchronous adj dynamic adj 

US-PGPUB; 
US PAT; 
USOCR; 
FPRS; EPO; 

OR OFF 2021/02/24 
15:12 
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random adj access adj memor$3) or 
SDRAM)) same voltages 

JPO; 
DERWENT; 
IBM_TDB 

S360 32 ((printed$lcircuit$lboard or (printed US-PGPUB; OR OFF 2021/02/24 
adj circuit adj board)) or PCB) same USPAT; 15:13 
((plurality or muliple) near5 USOCR; 
((synchronous adj dynamic adj 
random adj access adj memor$3) or 

FPRS; EPO; 
JPO; 

SDRAM)) DERWENT; 
IBM_TDB 

S361 128,557 (G06F13/28 OR G06F13/4027 OR US-PGPUB; OR ON 2021/02/24 
G06F13/1694 OR G06F13/4223 OR US PAT; 15:39 
G06F12/0638 OR G06F12/0246 OR USOCR; 
G06F1/185 OR G06F3/0613 OR FPRS; EPO; 
G06F3/0685 OR G06F3/0659 OR JPO; 
G06F2212/7208 OR G06F2212/205 DERWENT; 
OR G11C7/1072 OR IBM_TDB 
G11C14/0018).cpc. OR 711/100.CCLS 
OR G06F3/06.icpr 

S362 14 S361 and (SDRAM and (buck near5 US-PGPUB; OR ON 2021/02/24 
converter)) US PAT; 15:41 

USOCR; 
FPRS; EPO; 
PO; 
DERWENT; 
IBM_TDB 

S363 0 (S DRAM and (buck near5 US-PGPUB; OR ON 2021/02/24 
converter)).clm. US PAT; 15:51 

USOCR; 
FPRS; EPO; 
PO; 
DERWENT; 
IBM_TDB 

S364 151 ((transfer$3 or cop$4 or transmi$5 or i US-PGPUB; OR ON 2021/02/25 
retriev$3 or read$3) near5 DRAM 
near5 (flash or non$lvolatile)).clm. 

USPAT; 
USOCR; 

11:58 

FPRS; EPO; 
PO; 
DERWENT; 
IBM_TDB 

S365 1,328 Lee-Hyun.in. US-PGPUB; OR ON 2021/02/25 
US PAT; 11:58 
USOCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

S366 76 Chen-Chi-She.in. US-PGPUB; OR ON 2021/02/25 
US PAT; 11:58 
USOCR; 
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FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

S367 72 Solomon-Jeffrey-C.in. US-PGPUB; OR ON 2021/02/25 
US PAT; 11:58 
USOCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

S368 33 Milton-Scott-H.in. US-PGPUB; OR ON 2021/02/25 
US PAT; 11:58 
USOCR; 
FPRS; EPO; 
PO; 
DERWENT; 
IBM_TDB 

S369 36 Bhakta-Jayesh.in. US-PGPUB; OR ON 2021/02/25 
US PAT; 11:58 
USOCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

S370 0 S364 and (S365 or S366 or S367 or US-PGPUB; OR ON 2021/02/25 
S368 or S369) US PAT; 11:58 

USOCR; 
FPRS; EPO; 
PO; 
DERWENT; 
IBM_TDB 

S371 11,623 (transfer$4 or cop$4 or transmi$5 or US-PGPUB; OR ON 2021/02/25 
mov$3) with data with (non$lvolatile 
or flash or SSD or NVM) with (volatile 
or ?RAM or ?DRAM memory).clm. 

USPAT; 
USOCR; 
FPRS; EPO; 

12:01 

JPO; 
DERWENT; 
IBM_TDB 

S372 215 NETLIST.as. US-PGPUB; OR ON 2021/02/25 
US PAT; 12:01 
USOCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

S373 21 S371 and S372 US-PGPUB; OR ON 2021/02/25 
US PAT; 12:01 
USOCR; 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICANT: Netlist, Inc. 

APPLICATION NO: 17/138,766 

FILING DATE: 12/30/20 

CONF. NO: 8804 

ART UNIT: 2135 

EXAMINER: FARROKH, Hashem 

TITLE: FLASH-DRAM HYBRID MEMORY MODULE 

Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

AMENDMENT AND/OR REPLY TO OFFICE ACTION 

Commissioner: 

In response to the non-final Office Action issued March 2, 2021, Applicant submits the 

following Amendment and Remarks. 

page 2. 

Amendments to the Claims, if any, are reflected in the Listing of Claims beginning on 

Remarks begin on page 10. 

Applicant does not believe that extensions of time are required beyond those provided for 

in documents accompanying this paper. However, if additional extensions of time are necessary 

to prevent abandonment of this application, then such extensions of time are hereby petitioned 

under 37 C.F.R. § 1.136(a), and any additional fees required to continue prosecution or appeal of 

this application (including issue fee, fees for net addition of claims or forwarding to appeal) are 

hereby authorized to be charged to our Deposit Account No. 60-2034. 
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LISTING OF CLAIMS 

This listing of claims will replace all prior versions, and listings, of claims in the 

application. 

1. (Currently amended) A memory module comprising: 

a printed circuit board (PCB) having an interface configured to fit into a corresponding 

slot connector of a host system, the interface including a plurality of edge connections 

configured to couple power, data, address and control signals between the memory module and 

the host system; 

a first buck converter configured to provide a first regulated voltage having a first voltage 

amplitude; 

a second buck converter configured to provide a second regulated voltage having a 

second voltage amplitude; 

a third buck converter configured to provide a third regulated voltage having a third 

voltage amplitude; 

a converter circuit configured to provide a fourth regulated voltage having a fourth 

voltage amplitude; and 

a plurality of components coupled to the PCB, each component of the plurality of 

components coupled to one or more regulated voltages of the first, second, third and fourth 

regulated voltages, the plurality of components comprising: 

a plurality of synchronous dynamic random access memory (SDRAM) devices coupled 

to the first regulated voltage, and 

at least one circuit coupled between a first portion of the plurality of edge connections 

and the plurality of SDRAM devices, the at least one circuit operable to (i) receive a first 

plurality of address and control signals via the first portion of the plurality of edge connections, 

and (ii) output a second plurality of address and control signals to the plurality of SDRAM 

devices, the at least one circuit coupled to both the second regulated voltage and the fourth 

- 2 - 
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regulated voltage, wherein a first  one of the second and fourth voltage amplitudes is less than the 

ethera second one of the second and fourth voltage amplitudes. 

2. (Original) The memory module of claim 1, wherein the first and third buck 

converters are further configured to operate as a dual buck converter. 

3. (Original) The memory module of claim 1, wherein the first voltage 

amplitude is 1.8 volts. 

4. (Original) The memory module of claim 1, wherein the second, third, and 

fourth voltage amplitudes are 2.5 volts, 1.2 volts, and 3.3 volts, respectively. 

5. (Original) The memory module of claim 1, further comprising: 

a voltage monitor circuit configured to monitor a power input voltage received via a 

second portion of the plurality of edge connections, the voltage monitor circuit configured to 

produce a trigger signal in response to the power input voltage having a voltage amplitude that is 

greater than a first threshold voltage. 

6. (Original) The memory module of claim 1, the plurality of components 

further comprising: 

one or more registers coupled to one of the first, second, third and fourth regulated 

voltages, the one or more registers configured to register, in response to a clock, the first 

plurality of address and control signals, wherein the one of the first, second, third and fourth 

regulated voltages is selectively switched off to turn power off to the one or more registers while 

one or more components of the plurality of components are powered on. 

- 3 - 
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7. (Original) The memory module of claim 5, wherein the voltage monitor 

circuit is further configured to produce the trigger signal in response to the power input voltage 

having a voltage amplitude that is less than a second threshold voltage. 

8. (Original) The memory module of claim 6, wherein, in response to selectively 

switching on the one of the first, second, third and fourth regulated voltages to the one or more 

registers, the one or more registers is configured to output the registered first plurality of address 

and control signals to the plurality of SDRAM devices. 

9. (Original) The memory module of claim 5, wherein the power input voltage 

is coupled to the first, second, and third buck converters and the converter circuit. 

10. (Original) The memory module of claim 5, wherein the first threshold voltage 

corresponds to a voltage level that is ten percent greater than a specified operating voltage. 

11. (Original) The memory module of claim 7, wherein the second threshold 

voltage corresponds to a voltage level that is ten percent less than a specified operating voltage. 

12. (Original) The memory module of claim 5, the plurality of components 

further comprising: 

a logic element including a non-volatile memory, the non-volatile memory is configured 

to store configuration information. 

4 
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13. (Original) The memory module of claim 12, wherein, in response to the 

trigger signal, the logic element writes information into the non-volatile memory. 

14. (Original) The memory module of claim 1, the plurality of components 

further comprising: 

a logic element including one or more integrated circuits and discrete electrical elements, 

the one or more integrated circuit including an internal non-volatile memory, wherein the non-

volatile memory is configured to store configuration information. 

15. (Original) The memory module of claim 5, the plurality of components 

further comprising: 

a non-volatile memory; and 

a controller configured to receive the trigger signal, wherein, in response to the trigger 

signal, the controller performs a write operation to the non-volatile memory. 

16. (Original) A memory module comprising: 

a printed circuit board (PCB) having an interface configured to fit into a corresponding 

slot connector of a host system, the interface including a plurality of edge connections 

configured to couple power, data, address and control signals between the memory module and 

the host system; 

first, second, and third buck converters configured to receive a pre-regulated input 

voltage and to produce first, second and third regulated voltages, respectively; 

a converter circuit configured to reduce the pre-regulated input voltage to provide a 

fourth regulated voltage, wherein the first, second, third and fourth regulated voltages have first, 

second, third, and fourth voltage amplitudes, respectively; 

- 5 - 
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a plurality of components coupled to the PCB, the plurality of components including a 

plurality of synchronous dynamic random access memory (SDRAM) devices, each component of 

the plurality of components coupled to one or more regulated voltages of the first, second, third 

and fourth regulated voltages; and 

a voltage monitor circuit configured to monitor an input voltage received via a first 

portion of the plurality of edge connections, the voltage monitor circuit configured to produce a 

signal in response to the input voltage having a voltage amplitude that is greater than a first 

threshold voltage. 

17. (Original) The memory module of claim 16, wherein the second and third 

buck converters are configured to operate as a dual buck converter. 

18. (Original) The memory module of claim 16, the plurality of components 

further including: 

a controller coupled to the voltage monitor circuit and configured to receive the signal, 

wherein the controller executes a write operation in response to the signal. 

19. (Original) The memory module of claim 18, wherein the write operation 

includes writing data information into non-volatile memory. 

20. (Original) The memory module of claim 16, wherein the plurality of SDRAM 

devices are configured to receive at least one of the first, second, third and fourth regulated 

voltages having a voltage amplitude of 1.8 volts. 

21. (Currently amended) The memory module of claim 16, the plurality of 
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components further including: 

at least one circuit coupled between the interface and the plurality of SDRAM devices, 

the at least one circuit operable to receive a first plurality of address and control signals via a 

second portion of the plurality of edge connections and to output a second plurality of address 

and control signals to the plurality of SDRAM devices, the at least one circuit coupled to both 

the second regulated voltage and the fourth regulated voltage, wherein a first  one of the second 

and fourth voltage amplitudes is less than the othera second one of the second and fourth voltage 

amplitudes. 

22. (Original) The memory module of claim 16, the plurality of components 

further including: 

a logic element including an internal non-volatile memory, wherein the non-volatile 

memory is configured to store configuration information, wherein the configuration information 

is used to program the logic element. 

23. (Original) A memory module comprising: 

a printed circuit board (PCB) having an interface configured to fit into a corresponding 

slot connector of a host system, the interface including a plurality of edge connections 

configured to couple power, data, address and control signals between the memory module and 

the host system; 

a plurality of components coupled to the PCB, each component of the plurality of 

components coupled to one or more regulated voltages of first, second, third and fourth regulated 

voltages, the plurality of components including a plurality of synchronous dynamic random 

access memory (SDRAM) devices and one or more registers, the plurality of SDRAM devices 

coupled to the first regulated voltage, the one or more registers coupled to (i) the second 

regulated voltage, (ii) a portion of the plurality of edge connections, and (iii) the plurality of 

SDRAM devices, wherein a plurality of address and control signals are coupled to the one or 
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more registers via the portion of the plurality of edge connections; 

first, second, and third buck converters configured to provide the first, second and third 

regulated voltages, respectively; and 

a converter circuit configured to provide the fourth regulated voltage, 

wherein the second regulated voltage is configured to be selectively switched on or off to 

the one or more registers while at least the plurality of SDRAM devices are powered on, 

wherein if the second regulated voltage is switched on while at least the plurality of 

SDRAM devices are powered on, the one or more registers are configured to couple the first 

plurality of address and control signals to the plurality of SDRAM devices, and 

wherein if the second regulated voltage is switched off while the plurality of SDRAM 

devices are powered on, the one or more registers are configured to decouple the plurality of 

SDRAM devices from the first plurality of address and control signals. 

24. (Original) The memory module of claim 23, further comprising: 

a voltage monitor circuit configured to monitor an input voltage received from the host 

system via the interface, the voltage monitor circuit configured to produce a signal in response to 

the input voltage having a voltage amplitude that is greater than a first threshold voltage. 

25. (Original) The memory module of claim 24, wherein the voltage monitor 

circuit is further configured to produce the signal in response to the input voltage having a 

voltage amplitude that is less than a second threshold voltage. 

26. (Original) The memory module of claim 23, wherein the second and third 

buck converters are configured to operate as a dual buck converter. 
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27. (Original) The memory module of claim 24, the plurality of components 

further including: 

a controller coupled to the voltage monitor circuit and configured to receive the signal, 

wherein, in response to the signal, the controller executes a write operation. 

28. (Original) The memory module of claim 27, wherein the write operation 

includes writing data information to non-volatile memory. 

29. (Original) The memory module of claim 23, wherein the plurality of SDRAM 

devices are configured to receive at least one of the first, second, third and fourth regulated 

voltages having a voltage amplitude of 1.8 volts. 

30. (Original) The memory module of claim 23, wherein the first, second, and 

third buck converters are configured to receive a pre-regulated input voltage and to provide the 

first, second and third regulated voltages, respectively, and wherein the converter circuit is 

configured to reduce the pre-regulated voltage input to provide the fourth regulated voltage. 

9 
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REMARKS 

The non-final Office Action issued March 2, 2021, has been carefully considered. 

Reconsideration in view of the following remarks is respectfully requested. 

Upon entry of the foregoing amendment, claims 1-30 are pending in this application, with 

claims 1, 16, and 23 being the independent claims. 

Subject Matter Indicated Allowed or Allowable 

Applicant gratefully acknowledges the indication of allowance of claims 16-20 and 22-

30. 

Rejection(s) Under 35 U.S.C. 112(b) (or Pre-AIA 35 U.S.C. § 112, Second Paragraph) 

Claims 1-15 and 21 stand rejected under 35 U.S.C. § 112(b) (or pre-AIA 35 U.S.C. § 

112, second paragraph), as allegedly being indefinite for failing to particularly point out and 

distinctly claim the subject matter which the inventor or a joint inventor, or, for pre-AIA, the 

Applicant regards as the invention. 

Claims 1 and 21 have been amended to recite "a first one of the second and fourth 

voltage amplitudes is less than the othera second one of the second and fourth voltage 

amplitudes." In this manner the term "other," which seems to be the source of the alleged 

indefiniteness, is eliminated. While applicant believes that the usage of the term "other" as it 

appeared in the claim is grammatically correct, applicant has elected to remove it in the interest 

of advancing prosecution and gaining allowance. 

It is respectfully submitted that claims 1 and 21 are now in compliance with 35 U.S.C. § 

112(b) (or pre-AIA 35 U.S.C. § 112, second paragraph), and the rejection claims 1-15 and 21 

should be withdrawn. 
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Amendment to Claims 

Claims 1 and 21 have been amended for improved clarity and grammatical 

accuracy. The amendment does not raise any issues beyond those already considered by the 

Examiner. No amendment made is related to the statutory requirements of patentability unless 

expressly stated herein. No amendment is made for the purpose of narrowing the scope of any 

claim, unless Applicant argues herein that such amendment is made to distinguish over a 

particular identified reference or combination of references. Any remarks made herein with 

respect to a given claim or amendment is intended only in the context of that specific claim or 

amendment, and should not be applied to other claims, amendments or aspects of the claimed 

arrangements. 

Conclusion 

In view of the preceding discussion, Applicant respectfully urges that the claims of the 

present application define patentable subject matter and should be passed to allowance. 

If the Examiner believes that a telephone call would help advance prosecution of the 

present application, the Examiner is kindly invited to call the undersigned attorney at the number 

below. 

Please charge any additional required fees, including those necessary to obtain extensions 

of time to render timely the filing of the instant Amendment and/or Reply to Office Action, or 

credit any overpayment not otherwise credited, to our deposit account no. 60-2034. 

Respectfully submitted, 

Dated: March 11, 2021 /Khaled Shami/ 
Khaled Shami 
Reg. No. 38,745 

SHAMI MESSINGER PLLC 
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1000 Wisconsin Ave N.W., Suite 200 
Washington, D.C. 20007 
202-516-6900 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICANT: Netlist, Inc. 

SERIAL NO.: 17/138,766 

FILING DATE: 12-30-2020 

CONFIRMATION NO.: 8804 

ART UNIT: 2135 

EXAMINER: FARROKH, HASHEM 

TITLE: FLASH-DRAM HYBRID MEMORY MODULE 

Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Commissioner: 

Notice of Related Litigation and/or Proceedings 

Pursuant to MPEP 2001.06(c), Applicant notifies the Patent and Trademark Office of 

litigation and proceedings involving U.S. Patents related to the current patent application, the subject 

matter of which may be related to the present patent application. 

Appendix A lists results of a Cases Search. The Cases Search was performed on January 29, 

2021, on the Docket NavigatorTM search tool for patent cases involving commonly-owned U.S. 

Patents No. 8,301,833, 8,516,187, 8,671,243, and 8,874,831. The Cases Search covered forums 

including U.S. federal courts, ITC, and PTAB. The Cases Search results presented includes 

information output by the search tool for the following fields: Case, Case Filing Date, Case 

Terminated, and Case Status. 

Notification of the cases and proceedings identified in the attached Notice in no way operates 

as an admission that documents cited or filed in those cases and proceedings are material to the 
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patentability of the present application or that the subject matter of this application is related to the 

specific patents subjected to suits and/or proceedings listed in the Notice. 

The U.S. Patent and Trademark Office is hereby authorized to charge any fee deficiency, or 

credit any overpayment, to our Deposit Account No. 60-2034. 

Respectfully submitted, 

SHAMI MESSINGER PLLC 

Dated: March 11, 2021 

SHAMI MESSINGER PLLC 
1000 Wisconsin Ave N.W., Suite 200 
Washington, D.C. 20007 
Tel: 202-516-6900 

/Khaled Shami/ 
Khaled Shami 
Reg. No. 38,745 
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America, inc. 

SK hynix Inc. PETITIONER 

SK Hynix Memory Solutions PETITIONER 
Inc. 

PATENTS 

Number 

86'71243 

Inventor 

Chen 
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Firm Attorneys
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S30163:3 Chen Non-volatile memory module 
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Non-volatile memory module 
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Name 

DEta transfer scheme for non-volatile memory module 
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from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the 
information disclosure statement. See 37 CFR 1.97(e)(1). 

OR 

That no item of information contained in the information disclosure statement was cited in a communication from a 
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification 
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to 

❑ any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure 
statement. See 37 CFR 1.97(e)(2). 

See attached certification statement. 

X The fee set forth in 37 CFR 1.17 (p) has been submitted herewith. 

X A certification statement is not submitted herewith. 
SIGNATURE 

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the 
form of the signature. 

Signature /Khaled Shami/ Date (YYYY-MM-DD) 2021-03-11 

Name/Print Khaled Shami Registration Number 38745 

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the 
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND 
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the 
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised 
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited 
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to 
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested 
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act 
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the 
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a 
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement 
negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to whom the record pertains, when the individual has requested assistance from the 
Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for 
the information in order to perform a contract. Recipients of information shall be required to comply with the 
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records 
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant 
to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or 
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to 
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make 
determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in 
an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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3 Material Science & Engineering, Department of Material Science and Engineering, Stanford University, Exhibit 2011, 
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fled April 2, 2018, 2017, 11 pages. 

37 'atent Owner's Preliminary Response, Patent Number: 8,516,187, Case IPR2014-01371 (PTAB), filed Dec. 16, 2014, 
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Japer 8, dated October 2, 2014, 60 pages. 

39 'atent Owner's Preliminary Response, SanDisk Corporation v. Netlist, Patent Number: 8,516,187, IPR2014-00982 
;PTAB), dated September 26, 2014, 57 pages. 

40 'atent Owner's Preliminary Response, SK hynix Inc., et al., v. Netlist, Patent No. 8,301,833, Case No. IPR2017-00649 
;PTAB), filed May 1, 2017, 67 pages. 

41 'atent Owner's Preliminary Response, SK hynix Inc., et al., v. Netlist, Patent No. 8,874,831, Case No. IPR2017-00692 
;PTAB), filed May 1, 2017, 48 pages. 

42 'atent Owner's Preliminary Response, Smart Modular Tech v Netlist Inc., Patent No. 8,301,833, Case IPR2014-01370 
;PTAB), filed Dec. 16, 2014, 66 pages. 

43 'atent Owner's Response, Patent No. 8,671,243, Case No. IPR2017-00587-12 (PTAB), filed Oct. 13, 2017, 80 pages. 

44 'atent Owner's Response, SK hynix Inc., et al., v. Netlist, Patent No. 8,874,831, Case No. IPR2017-00692-12 (PTAB), 
fled Nov. 10, 2017, 77 pages. 
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45 Patterson et al., "Computer Organization & Design: The Hardware/Software Interface" Morgan Kaufmann Publishers, 
Inc. (1998), 71 pages. 

46 Petition for Inter Partes Review of Claims 1-30 of US.PATENT No. 8,301,833, IPR2014-01370 (PTAB), filed August 
22, 2014, 68 pages. 

47 Petition for Inter Partes Review of U.S. Pat. No. 8,301,833 (on behalf of SanDisk, Corp.), filed Jun. 20, 2014. 

48 Petition for Inter Partes Review of U.S. Pat. No. 8,301,833 (on behalf of SMART Modular Technologies, Inc.), filed 
Aug. 22, 2014. 

49 Petition for Inter Partes Review of U.S. Pat. No. 8,301,833, filed Sep. 29, 2008. 

50 Petition for Inter Partes Review of U.S. Pat. No. 8,516,187 (on behalf of SanDisk, Corp.), filed Jun. 19, 2014. 

If you wish to add additional non-patent literature document citation information please click the Add button Add 
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Examiner Signature I I Date Considered I 

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609 Draw line through a 
citation if not in conformance and not considered. Include copy of this form with next communication to applicant. 

I See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO 
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here if 
English language translation is attached. 
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Attorney Docket Number 0016.001000H 

CERTIFICATION STATEMENT 

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s): 

That each item of information contained in the information disclosure statement was first cited in any communication 
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the 
information disclosure statement. See 37 CFR 1.97(e)(1). 

OR 

That no item of information contained in the information disclosure statement was cited in a communication from a 
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification 
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to 

❑ any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure 
statement. See 37 CFR 1.97(e)(2). 

See attached certification statement. 

X The fee set forth in 37 CFR 1.17 (p) has been submitted herewith. 

X A certification statement is not submitted herewith. 
SIGNATURE 

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the 
form of the signature. 

Signature /Khaled Shami/ Date (YYYY-MM-DD) 2021-03-11 

Name/Print Khaled Shami Registration Number 38745 

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the 
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND 
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the 
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised 
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited 
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to 
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested 
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act 
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the 
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a 
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement 
negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to whom the record pertains, when the individual has requested assistance from the 
Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for 
the information in order to perform a contract. Recipients of information shall be required to comply with the 
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records 
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant 
to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or 
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to 
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make 
determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in 
an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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An auxii€pry power sum* for automatic switch€ng equipment 

Abstract 

The present invention relates to an automatic backup power supply device, and more particularly, to 

an automatic backup power supply device for automat₹cally supplying backup power to a DRAM, a 

volat₹le memory (Volatile Memory) included in a data processing device, when an abnormal failure of 
the power supply device occurs. will be 

In the automatic pre₹im₹nary power supply of the volatile data storage device for a data processing 

device of the present invention, the voltage divider circuits Rl. DI, and R2 to which a system supply 
voltage is applied to one side. and a constant voltage generated from the voltage divider circuit are 

applied to a base terminal. The first transistor TR1, the second transistor TR2 for outputting the 

system supply voltage to the volatile data storage device 8 of the system according to the 

conduction of the first transistor TR1, and the voltage divider circuit. When the voltage is applied, the 
chip enable signal generators TR3 and R4 for outputting the chip enable signal / BCE for activating 

the data storage device 3 and the voltage of the predetermined level in response to the system 

supply voltage. Is charged by a constant voltage generator (R5, D2, 03) and a voltage supplied from 
the conofant voltage generator, and ged to the data storage device (3) when the system supply 

voltage is cut off. It consists of a spare power source 20 for applying voltage. 

Classifications 

Fs, H02-i9/061 Circuit arrangements for emergency or stand-by power supp₹y, e.g. for emergency 

lighting in which the distribution system is disconnected from the normal source and connected to 
a standby source with automatic change-over, e.g. UPS systems :or DC powered loads 
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Claims (3) Hide Dependent 

1. Voltage divider circuits Pl. 01, and 112 to which a system supp₹y voltage is appl₹ed to one side, first switching means 
1.

91 to allow a constant voltage generated from the 

voltage divider circuit to be applied to the base terminal: and the first switching means. The second switching means TR2 for app₹ying the system supply voltage to the 
data storage device 3 of the system in accordance with the conduction of TR I and the data storage device 3 as a constant voltage is applied from the voltage dividing 

circuit. Chip enable signal generators TR3 and 94 for outputting a chip enable signal / BCE for activation, and constant voltage generators 95.02 and 03 for outputting a 

predetermined level of voltage in response to the system supply voltage. And a preliminary power sou.,-- 20 which is charged by a voltage supplied from the constant 
voltage generator and applies a voltage charged to the cats storage device 3 when the system supply voltage is cut off car Automat₹c. redundant power supply. 

The method ch claim 1, wherein when the system supply power is cut off, a high level chip enable signal (/ SCE) is instantaneously applied to the data storage 

device 3 to stop data input and output to the data storage device 3. Automatic pre-power supply when the power is cut off, characterized in that. 

3. The automatic preliminary power supply device according to claim 1 or 2, further comprising a diode (04) for preventing reverse current flow on the output side of 

the preliminary power supply (20). 

Description 

Automatic Redundant Power Supply at Power Off 

The present invention relates to an automatic redundant power supply device, and in particular, an automatic redundant power supply for automatically supplying 

redundant power to a DRAM, a volatile memory included in a data processing device, in case of an abnormal failure of the power supply device. It is about a device 

The data processing apparatus includes a DRAM for temporarily storing data processed during data processing. This general data processing apparatus is disclosed in 
FIG. 

Referring to FIG. 1, in the prior art, an AC DC converter 1 for rece₹ving a 110V / 220V AC commercial power and convert₹ng it into a DC 41W, and a DC / DC converter 2 for 

converting a 48V DC voltage to 5V The power supply unit is composed of a central processing unit (CPU) (4), a CPU (4), a DRAM p) for temporarily storing data being 

processed, and a CPU (4). A+ 5V power supply is provided to an input / output interface (Sir)) 5 for controlling input and output and a PROM 6 in which system program 
operation and execution data are stored. 

In the prior alt of the above -described configuration, the CPU 4 is composed oh a microprocessor that manages the entire system, and reads the initialization program 

and execution data stored in the PROM 6 and stores it in the DRAM 3, and then inputs and outputs the interface. Through (5), necessary data is sent to the peripheral 

circuit or the event generated in the peripheral circuit is analyzed and stored in the DRAM 

The input output interlace 5 reads the data stored in the DRAM 3 and analyzes and corrects the data stored in the DRAM 3 when the system d₹agnosis is performed. do. 
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The DRAM 3 stores data analyzed by the CPU 4 from t;-le peripheral cire it and t;-le PROM 6, and t;-,e PROM r.) stores t;-,e program and e:xecuticn data of the 

system. 

In the prior art, when the +5 DC power supply is down due to an abnormal failure of an At.: commercial power supply or a converter circuit generating 5V DC power the 

data stored in the DRAM is momentarily lost. 

Therefore, when power is reapplied in the future, there is a problem of re-entering lost data and going through the process again. 

An object of the present invention is to provide an automatic backup power supply device for automatically supplying backup power to a DRAM provided in a data 

processing device when an abnormal failure of a commercial power supply or a power supply occurs. . 

is a schematic block diagram of a conventionsl data processing apparatus. 

2 is a detailed circuit diagram illustrating a configuration of an automatic standby power supply apparatus according to an embodiment of the present invention. 

Explanation of symbols for main parts of the drawings 

I : AC / DC converter 2: DC / DC converter 

3: DRAM 4: CPU 

SiO 6: PROM 

ID: automatic backup power supply 20. backup power 

In order to achieve the above object, the present invention provides a voltage divider circuit in which a system supply voltage is applied to one side, a first transistor in 

which a constant voltage generated from the voltage divider circuit is applied to a base terminal, and according to the conduction of the first transistor. A second 

transistor for outputting a system supply voltage to a volatile data storage device of the system, a chip enable signal generator for outputting a chip enable signal for 

activating me data storage device when a predetermined voltage is applied from the voltage dividing circuit And a constant voltage generator that receives me system 

supply voltage and outputs a voltage of a predetermined level, and is charged by a voltage supplied from the constant voltage generator, and applies the charged voitage 

to the data storage device when the system supply voltage is cut off. For the data processing apparatus, characterized in that consisting of a spare power source It 

provides automatic redundant power supply of the property data storage device. 

Hereinafter, the present invention will be described in more detail with reference to the accompanying drawings. 

2 is a detailed circuit diagram showing the configuration of the automatic backup power supply 'ID according to an embodiment of the present invention. 

Referring to FIG. 2, the present invention is largely made of a transistor (TRI to IRS), a diode (Dl to D4), a resistor (R1 to R5), a rechargeable power source (BAT) 

consisting of a rechargeable battery (BAT: Battery), and usually conduction. Although it is in a state, it is comprised by the switch SW for the case where the preliminary 

power supply 20 is interrupted by tire need of repair or inspection. 

Referring to the operation of the present invention, when the r5V voltage is applied to the resistor RI, the zener diode Dl, and the resistor R2 connected in series from 

the DC / DC converter 2 of FIG. 1, the resistor R2 and the zener Since the high level H signal is output from the connection point of the diode DI and applied to the base 

terminal of the transistor T111, the transistor TR1 is in a conductive state, and the base terminal of the transistor TR2 is connected to the base terminal of the transistor 

TR1. Since the low level L is applied by the collector, the transistor TR2 is in a conductive state. 

In accordance with the conduction of the transistor TR2, a 5V power supply is applied to the Vcc terminal as the supply power supply VC for the DRAM 3 except for the 

voltage drop between the editor / base through the transistor 1112. 

On the other hand, since the transistor TR3 is also En the conductive state by applying the high ;eve; (H) signal to the base terminal, the low level (L) signal is output as the 

battery chip enable signal (I BCE) from the collector terminal of the transistor TR3. This signal is in a low-active state when the chip selection al the DRAM 3 becomes 

low, so that the DRAM 3 is always in an active state. 

In addition, since a 5V voltage is applied to one terminal of the resistor R5 of the resistor R5 and the zener diode D2 series connection circuit, a constant voltage is 

applied from the connection point of the resistor R5 and the zener diode 02 through the diode 03. Charge the backup power supply 20 with a rechargeable battery with a 

current size of 20 pA. Since the switch (SW) has a limited life span of the rechargeable battery, the switch (SW) is configured to be cut off periodically by need of a 

performance test. 

If the 5V power supply is stopped from the DC / DC converter 2, the transistors TEE, TR2, and Ira are all cut off, and the internal resistance becomes infinite. 

In this case, since the diode 04 has the cathode terminal at the low level and the anode terminal at the high level. the diode Da is in a conductive state, and the 3.5V 

voltage is instantaneously from the battery of the reserve power source 20. Supplied to BCE. As a result, a high level (H) signal is applied to the battery chip enable 

terminal of the DRAM 3 to stop input / output of the data from the DRAM 3, and the data stored in the DRAM 3 by the preliminary power supply 20 continues. : can keep it. 

As described above, according to the present invention, evert when the external power supply is cut off or the power supply is cut off due to an abnormality of a power 

supply device such as a DC / DC converter, the chip enable signal for the DRAM 3 is switched to a high level state and a reserve power supply is provided. By converting 

and supplying 20, the values of data stored in the DRAM 8 can be prevented from being lost or lost. Thus. for example, a user or a program diagnoser can protect the 

input of a special value into the D-RAM from being erased. 
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US54122554 1995-05-02 Switch device suitable for use in automotive vehicles 

https://patents.google.com/patent/KR0130873Y1/en?oq=+KR-F0130873-FY1 2/4 

Samsung Electronics Co., Ltd.
Ex. 1002, p. 241



3/8/2021 KR0130873Y1 - An auxiliary power supply for automatic switching equipment - Google Patents 
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US4492876A 1985-01-08 Power supply switching arrangement 
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(2380-E- 27-:0-c-r-t. 

2 011- 4 0-1*(238)1 --AJ 011 a pp 5--A1 -al-al, 1 °d El____El(232) _*E-1°-1 4* o od 4°1 

q lA=1-11-(M/S)-E- "PO 4 2E- r-11 A1 -1E- A,1qC -r -1-. 

-7=-1 (238a)-1t1 q (236) cd A.f-V---E- P1(238b) 4°1 P1 (238d)011 ±-_--11IC-

01 5' _4z 4 ' 1(238b)- 0-1 -4±-- YI(234) :4- E-1 4 -r-> _1 0-1 -4±--

2-E -0 -6-1-2fr- Ell 6 1 1:113-)-171(238h) _*E1 4--(T1,- -_1 010-E- H131-771(23801 

L1F-- . 1(238c)- . 1(238b) _*E-1 111 - - °-IF-4z_-(NAND-
Addr)-E- tgAJC-r-1-. 

• 1113)171 (238h)- -- "1 la 71(238f) cd El 91-

2-7--;61-4;_---_ Ell 6 1 EM IL1- 4 51 7k -il t- E - (1- 11_2=-- 4 • 1(238b)011 tgA1 (238g)--_',7-- 1:113L/71 

(238f) -*E-1 X11 0 a 111 37)--1 -1-3- (Sub Addr) - tg1C -r-1-. 

 •• 1(2380---',7-- DRAM/NAND 4A] 12.F_ DRAM/NAND011 71 Aci-71 71 (239) C171 '4-2= /*11 °I 13-
12:5_ q M/S -E- I -61- r-1-- • 

1. ed-a 1-4, -,-

14 1°1 01-0M-A01- 4 A1 Crut. 

Al Ip 1---°1-°-1 °}°l- AO" EIN _4- Al 4 010 -E- -IC- el Ell 
t -1 -

2. 

3011 1___A-1 -1q1 111--94- V- cd --V--- A1 011 2L-- DRAM/NAND Al 171- 5101 t-71 ao up4 

5 
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10- 0606242 

3-g- , /RAS ,1 -1 4 7ol- °Il 1°11 *;1---6-11 --i -°1-4-2---(Ra)71- - . 11z-'_--- (ADDR) - -.1 - 1 5151, /CAS 1,4-V-
1 4 701- 011- 1 011 4,-;-1-4 01 °,] 0-1E. 112--(Ca)71- °1 -1g- /WE71- 4°1 41 -g-
• °171 Y441, VJ,1 °-1 .5-11Z--(Ca)°11 Aci-4 - 4 2E- 15-el ---01(210)1 a V__I 1P1 °I 
El Qal, Qa2, Qa3, Qa4 r-1-*' 011, /WEV 01 -ca - 7,14-
±---(Rb) VJJ all X11 (-,1 IRA _a01-(210)1 b Ell °I El DbO, Db1, Db2, Db3 -a-°1 71 6d (write) 
*Jut. 3011A] /J1 W-11 don't care 

3. ,-,11•5_ Al 51--E-

NAND -Lf-- Ell Al Ell 01 el 71 o° -°l1 DRAM/NAND 4°1 Aci- Ell 4°1 E11 010 -E- 1-3-- IRA -a (1(220)91-
tr1-u-H, -Lf-- 4 A1(3001 71 a E11 01E-1 - 1 01*(238)1 1 °-14°11 15--ul o1-(2201 71q 

°l -i(238)°11x1 n x1 1_3_ _a°1-(220)°11 71 11101 E17} LNG Exl 15-e-1(300)1 1 -ce'l q-1°1 
71- 51 9/ -g- 1 -1 -°11 1 °-1*(242)-E- go A-All 12 2-71-_-(204)°11 (Vd-1 -Lf-- 4 Al u11 RA (300) - q-6ri 

4 C-J_.- 4 1,1, 11):5- Al '1015--el (300) 1 71 0 1 4= 411 /CE 1 q 411 7l cl 
• /WEI l2A 27-1-_- __(204) 1 q -.1 - I el- C,1 Ell 01 og- 2,61-71 1 El 01 Al 
RA 011 71 CLE 111_1 - - 4 °11°M 112--- 4 °11°M 7474 RN Ol 

11 A01-71 4°1 ujEl 

tr1-0-1-A1, x1 1-3--X11 p -aol-(220)1 x41 A01-71 NAND -Lf-- Al (300)1 71q ag - 71 4(1 
1Mb °I 4 -E- °I -RV 5j rt. 

EEC-, NAND °IF- Al Z±E.11(100)011A1 a_t.fi _ 01* ftii-L /RAs °l 
011 , DRAM/NAND 4°1 111Y1(234)-E- °I -2-4°1 4 1 4' (238) 011 4 

IRA 01E] -IF_X11 0-1*(242)-E- -g-4 15-u1(300) -*E-1 zl1 cd El -E- x1 1-3-- IRA 
°1-(220)°11 71qC- -a01-(220)°11 cd El (236)-E- Al 

xl 15-e-1(300) 1 °17l 411 °I°11°M tl-cd 411 7l °M /WE°11 
-• g-4 x1 115-u-1(300) -*E1 tll cd i12 2-71-_ __(204).°1 q -1 -1 0-1-°11/0x-ca- Y,--al-°1 Ad 71 1 Ei1 01O -E-

A01-71 A11A IRA 61(220)011 71 c-rt. 

A1Z-- F-j-°- DRAM °IF-1311°i EP] IA  it Ell 01E-11 7l

< 1AI 2 > 

Oil IC- Ell °l El el Al z-'- -111 ;1-J ---41',1_ Ell °l el 'd-N 
'01- 1(310)-E- 131-°1-a- 1q 

isliz---(302), tll °1 El 1s11-2=(304), udEl 
,1- 1(310)-;f: IRA y,a(mEmoRy LINK) sDRAM(3 1 2)91- L,11- - -a-44-1 I- 1(314) - b-1-141 1 C-

u1E1 1 71 1(MCP)olut. ML- SDRAM(312)T- 1 I p (314)-; 111±--(316), 
• 

tv-1 0IN Elolo Y711 Ll qP-1 Ell 01E1 7T- 1 
El-. R ;J__v_)J_ of CLK, CKE, DCS, RAS, CAS, WE, DQM 3-1-0-C-rt. 
_V vela 71RN Tai 471 --71 4 01 FCS, WAIT 441 LI );i1 jl °1/1, WAIT 

141•5_. 4 4-1 IRA ui y1-01 91-g- °d ttR5-19,), 31-g-
01 rt (318) 441 CLE, ALE, CE, RE, WE, RB 2-71-

El-. 
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L 

- (ETT7)[2.-A- lla lYlk CNVN E--krat4 [a lo E- [a lo ---z2 [ 2 tio_T-q- j [k 
E- [a lo 7 la -5: [-o IY [12 TY- [0.-a -,3-(ott)-k'fat 4 [a lo [Ea 1[k (9t) [a 2  k [E2 - 1k) IY tf2 

q(Z9T7)-kk - [-oity [-ol1 VHCS 

E-NDEt 
F`2 a [27con [-E[44 90-k ijAz IAT  (99t) h Y k[E2 

to re- R2 n (EU) k[2 kic-Lk [0-[-`21(--N4 q- (z9t)--1,1k- [-olk -IIAT 
IIVAk (AsnucpaN RN) kltztart--a'7

CHM `al `HD SDJ q(Z9t)-Irtk - lolly 

Fzlfi-,.< 7-  r2M [-o fzk, 
lota h qmc [k 3h 5t  -(VD `MC `mc)_r-o:_ftz [k-kh -{n 

boi-?-ra[6. *MC` 1.v `SV0 `SVN `SOC INV-H(1S q(19T7)-kk- P\IVHCS 

E-(t9t) 
[ff-Lk `(99T7) [a HE2 Y LE2 i to [--„L, R2 V- `(Z 9 t) jY to li 'n  `(-E9t)-kk- to 11 vvvHcs 

Lc) ( IE)[2 —Stki lYh CENIVN [a lo [-(5- (0 ){o--- k --E6(T7TE)L2wiki CNVN 
---q-oNt.)--kr, ---r6 [a lo 4z 'IA-R[0[k tro(mAy_y_pd-o[k a to h—_- (E17.) [14 bs2_ [-(5" [to 

(j) ATz ki,12_-yr- --2,-(HOLEh h `(T7 T7)[-a--7z--H2 `CET7) [15 [Ft [0 -12 
`CZ T7')[-a k[E2 -52 `CI T7)k---c[Ft -512 0-daf'') 'f-2---r`o [a [0 [2.-Ska L-1,12 CNVN [6. [a lo 

*-h-14 °* [EY i IAIVHCS *°-,R h [o [Ea [--Q- [oiy (0ZT7)-to---- [27C [Ln 
i-,̀) Ebn --2,-(0T17)-kra -- - F,S. [a to 1[k *--EaR[-o bs2_[-(5- tio(Akcy_,-o=_Fd-o[k [14 ‘T__r 
[-O [k Vr) Lic)(NC) TY- Fd-c* -512 5t  h---=1̀,-(Itt)[11-Ft -51-2 rat-r,S. `(f7toh---7-HE2 `(9t1) 

`(zT17)[a---7-HE2 [a `Mt) [rs, [Ft h 7  to [LEh to l4 [a [00 Alvals --2,-(ott)-kra-- - F,S. [a to Ilk 

• h -r? 3,-ryft tio(voamftz Y05 
r2a [ [Ft [ [a-,1 (09TM  (99T7) 
lo Lory `(zEt)h--h r2M `CT 9T [-LC [-a k) k[OILE [ 2—A-1 11 -Ft k 

=712 -5- [o r2a 
r2M EAT? Yea Y[a 5. [o o f( ') -T:;C() [0 [LT E--__q- Fz-c--0-5.- [() o 1 7 R)  ktio [EV --==`,-(T7 [a-S- I t? OA -N-(T7ZT7) 

[a r2a `(Ezt)[,[[2[ory ‘czzoh--- r1 r2V(Tzt)h--h 10— W ifC)ro -t° kr -01-- [ ()T 2' -6111  [ 2—Sib il 10 [La 

-37 lk [-(5-(ort)-to-- r2 tE i6-7125. [-o 
E-CE To [a k --E6(tit)[-a--1-V k_c-v [L0-5:_ftz[-o[k VO `9IT7) lz [D. 
lk lz ry• F`2 -R--r[ Lk)(ETT7) [42 1[k 'TT [-s-8-1k Lk:49u) [z 

il,"( k,--[-?4 E-(T7 I t) [o troCETT7) [a=z-- [42 =7- [E25. [-o 1[k •-h-i-gt-fk 
Y[a too WE I T7 ) [a -z2 [42 [-o I [k q(0TT7)-WY-N4 *-1-1-1g-37lk 

h7ckn [o r2M [Fa  (Zit `I k [12 
L[0-5,--Fd-ollAz VD n V -3-(LIT7 `9IT7) lz [vary' lio(LIT7 `9It)lzlrary• n Tlly bo -1-?-klk 

F`2 --E6--7z--0 -5.- [-o E-(zu It .)k R2 zlkn TIIY qkllo5a-1r* [a q(oTt.)-wyr,4 
E-(!, tz [lAz `(9It)tz tio.ry•T[1  itit) [a-S-4k (nt) [a [42 [o --A r& [2 
CZIT7)kttnik r2M CLIT7)H12Ilk q- (0IT7)-WY-R4 

*(09t)-k to 11 `C0T7.)-k rat [6. hlo [Ea z `(0T ) k r 4 [alp [Ea T IV `(0 T7){0 -- h -ET 
lkn `COT.)-WY-i14 -5L 
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Lz-T tio(tzt)h_s_-_[k r2a R_r,k tio(ETT7)[-a=z--[42 *-11-i-gt-1- *L9-3-S---Lk [a-k-w* to =k 
tio(vit) [a -S-4k o bolo 'OR -w*LLT tio(tIT7)[a-S----V -4 2  5  [ tio(ETT7)[-a=z-- [42 'in. R-8-* -(O ){o  [27sla 1-,`)E[ii 47=7- r2M tio(ETT7)h---7-HE2 *-11-i-gt [0l[ tio(Ozt) [27E hlba -5.- [Q, tio(E t) HE2 k) tio(EI[7.)[a---7- [1[2 

[-o [k E-(T7 9t)k L4 Y Y Lic tio(OZT7)-fo--- [alika 1,)E[ii Ea to 0 [,5-(0ET7)-to--- [27Eka [,--c [Ft k) [o-a [ff-V- MD E- LEY tifo E- [a k t[a tio(OET7)-12-- [27fin LE [Ft bo-1.-?-V-i14 
iY =712-3- [o VOR `Vela `kL` t-s-ff-f& roja [o tEa [a-Stta tio(ou)-to-- [27cOn

a kr --L° E- [a k [Ea [(5- 49-2' r-c ELE T k)[- [)• [[2.3.-k) VD a VHEt [ol[z -- -(0E[7.)-[Q-- [a ITV [-,-_, [-Ft *--EaR-rk tio(OET7)-to [2-Ska [,--c [Ft L"{4 -3 -N-(0f7)-kra [6. [a lo 0 Z[k [a [0 0 

[Q-[?--zl[Yko -Mak [Ea [-(5-49-2-rt kk [VT  [a k [Ea =1[2-3- lq Rra [6. TE FL h LQ E- [a lo ---z=L[25.1-0 R-8-* [to (TT E) [27E la L-,12 N--.-

tio([71E)[2-Aln L-112 [o-[?4 -N-(0[7.)-kra-- -r,S. [a [0 [Ea [[y Eja [0 [Ea [o R-t°,k tio(E9T7)[a=z--ME2 
[a. tifo HIV Lk)Fdia H-10 kk) lO Lk)(T7TE)[27sla lh kk lY —FT ta tifo HH `HD `HID [() TA1 ‘rEL[s-ffi& k),

ro k t2 ([7 -[ E) [27c ka L-1,12 =--1`,- [a k [Ea tio(E9T7)[a--7z--k[E2 Lic)(E9t)[a=z--k[E2 
[0 L4'[12 [6. *--h-R r6 r6 [a k) t[a TIDY [a k) [Ea Y«2511O [,,1̀2 -,3-(t0E)r< [a k) [Ea 

*-11R-R-+ 
k)-(OZO-to--- [27E ka 1-,`) M-t° [a k [Ea [a-k- ([7-[E)[2.-skii L-1,112 r2M tio(ETT7)[a----7-[42 [Loly-1-* 3- l2 tio(ETT7)h--7-k[E2 r2M SVD `k[-olo 

•-hi'gro- ai° y E rolAIVHCS —TAT bz){Q -El -arta-Pi —FT in IIVM tio(OOM =7- 5; `kta-n 
rat IIVAk v-' ;- [to tta-Pi SDA [o TN `-c-gTi 

[VETO [42 q-  [Lo [VET t)[-a---7142 
k)P [LC) k* .-11-t-ktyrki-,--7- k F( E-(E-H7)[a-7142 -{z(LT[7. `9-[[7)tz La. [ k kr-Ft [a tifo E---Y-Fzk) 

IV VD `Vel qktio(19T7)-kk - lO [A[VHCS rat-s-Ft tatifo HM `Sad `SVel `SOC 

(aPMAI PEad aged : vvici)a-a- a [a kip ll (T 

kc[L4 
o r2r, n ---?=-R [a k [Ea k)-kiy ([7TE)[2-skii [0(zIc)vIVHCS-TAT qktro-3-.-s- E [2-E-c[La 

a -a-42* Fra ta-Erki 

f ,) [La 47 [a lo [to 
rot- - (00E)- 7 =7-TY-{L [o [Ea Iran k-3,-[(24 E-(0T17)*h R, htoLLii -L tio kr-1-* 3- [2

*-13,Rr,[[2-51, tory Pi a 

tio(ozo-to-- t-2-A- [La iO ita F`2 --E6---z2 [E25.- [-o o R . 8-* -̀ -E-1 'OR lk E-(Zu7 -̀[ -[[7)k[1-2 -{z(Ld[7. `9It)tztifa.F( -Elk [(5-(01[7.)-Wy-g4 INVHCS 

-t-s-ain IYLYzIEY t-c,-cLir4 REY7 to-a--E6-1O --E6-
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6 

wtTE)ra-A--ka !o-[_?- -s-(NT7)* ipt [6. E3lo ar Eja [E-.) Y[a o R-t() LE° (Egt) k[E2 
1---- -[-`21( [Ea-tRi -Ft ft  Tv Ho Nil TY- f tz HID 140 [O .-13,--i -t?-1°- [1'z k lio(HE) [2—Err 1,1112 kk 

ditto 3-(-4-_-S_Tz HAN `HD [-o TN `rEL [-s-ff-f& 

`T[2 tors Hal°, -FE La n INI `F-EE[-s-ff-1-& [0-17- * 3-[2 VE.--Ez-

*-EnTa-r) l-o(OZT7)--to [27cHn 
lk kk Tin INI --REa q- k [lo(Z9t)-kk - [-olk 

lY --[° E- [a [O [Ea h --[k [I [a (OZ t)--to 
[2.-S [En iO [En [O-[?--°--+ [io(OE[7)-[0 -  [2.-S [En E---Ytz VD `Vela `T__,  E-0790 Pc;=7- 7 xi 

LK,' [Ft lo [O-[-q(--N4 lEc-lk q- k[10(9[7)-kk - l-olk 

-lz [O [la [o--49-2'R klO [L.E T [-a-k-
L-2-na ktaln E9-3-S--[k kizzEin M-51[2 -tz [a [O [Ea [-E5-49-2 -Tp'1E klo 

(H[7)[a-S----[k *-13,--i -tg-  -14Y C3 o{L[a -k - W* [O q- k lio(tZt) [a-S- 4k r2 [1O[O .--EAREP-a- o ALL [[O([7Z[7)[a-S---[k FL, a FL, a Ho(ETT7)[-a--7-k[E2 -DT, [o [0 [O 

[-o-
kc. [1O [2 a [En [12 -1=, [a [O Ela Y [E2 [O, --R-r,k [[0(E90[-a ---7-k[E2 tio(E9T7)[-a--7k[E2 ---7- [[2 -5-. [-o [Y[12 [a [O 
[Ea [-O ra [6. 'in:Rf-2[6. E-Cott)-kra[6. [a [O [Ea -I --[7 [a [O [Ea [-O kLa 2 -,3-([70E)P( [a [O [la 

tio(VE[7)[a-S----[k -7- [Ea 5  lio(ETT7)[a -7,-H[2
[2-SibEE FL2 [1O t) [a HE 2  [ tC2-± [E2  [O [a CODE) ITO; 

*-11-WCO-la [-(5-Alvals-TAT [0+2I k E-la-ey [E5- --To:Tz IIVAk 
bo-Ei21(114 -N-TY_Fz IIVAk Elo [Ea-ERi [-atio Fz Sad k[E0(Z9[)-FLE- [-o TN 

*-EAR [-O [42 [LO - - [0-[-2 lic)(ETT7)[a -7,- [42 --[7 TY- Pz 
0 -5.- [-O P [LO kr-4 E-CEIT7)[-a-7k[E2 --[7(LIT7 `9It)lztlfAi-< kklYFt lalfo 

[-o IV VD `V?il ktio(19T7)-1,1k- [-o vvvHc[S F-EL ta [fo --[7-:Y_Fz al `Sad `SVel `SOC `HMO 

(apow aipAk aged : (g 

[-E5Ja [O [Ea E) [27-an IYH2 -4 -512 vvvHCS 
[Ea ro- ro Rr,k La tifo * -Er-c INI TY iY IIVAk 

hr6 LIQ k r * bOi-?--* [2 [1 [ii 

r2 fLE INVNGS o ELY q[1O--1;*-11Ez f-A' [-E4 [Ea?, (aAn.o_uou)-Ft La tIfoiA -{7-3:;Fz INI 
.LIVE *r, fLi o KY f--2̀ IAIVeICES -FT [a tio INI 

fL,o KY  N--s- -FE Elfo [-E5-Tr-ol_Fz IIVAk !O{Q-El[ [E5--_Y_Fz INI 

Alma k LE° YT 
LoR tra-tRi tan L-A IIVAk [to [O *--h -R-ff--t& IAINd --[7-[Y-k-- [a [O [Ea tio(OZ[7)-[0- [-Oka 

k -ti- [Ea-tRi [-afEL, 
INVNCS Folla k [to 

E-H-a-t°, ta [fo INI k-Ezz k([1°-[-- -a k--c-ik [lc [-FE [orz lOlO 

[LW ---4,-(0Z[7)-l0 
-A-- ka EL ' kta *-11-1A H1/4 Eln a [O ta [1O (OZ[7)-[0 i ,) [En --[7 [a [O [Ea [E5-T2'R k [O FEE 

(tzt)h-S--V- [a -Tr-, -Lk lo- -ff -,,-[23-3--[k 13 0 [o r2 a tio[o 
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10-0606242 

- 1;1 l1 1(314)011A] 010 F_- 11 010 11 -all 131 011 
V- 11 Ell 010-N- u-1- O1 

IRA _a 0144 3o) Ell AO 42 Ell A El -1-1 al A (450)-E- 4;1 15--u1(31011 
- 4;1 1(314)°11 A I A__ Ell A El  1V0q°11 1 4;1 1°I1 71 RB 

_IA A -V-(462)011 V-K-1>L 71 Y V-R5-1 RB Or OP_ 1_1015-1 
31, cd-E- ML 11 -V—(462)2E- WAIT 1_1°1 Ai PWM 

cd `,1 1 

, INT 1O13_512E- 41 T-1A1V°1 V-Ad- u115-r-el 
014420)91- 4°191 Ell °10 

3) t li1F(BRM : Block Read Mode) 

-Lf-- Ell IRA °1 1 011 7e__Nl 3211 c)1 1 - - -j mo 5-1T2 - -, al A 115A -a01-(430)1 Al-Ola7- c)1 1 
aV PRM Y4-g- 32Vi '1,1- '4 al A IRA )4°1 71 q-71 4 111, PRM 

°I1 Al all °1 1 4°1x71- A} of o V 1 u1-1 

4) t li1F-(BWM : Block Write Mode) 

- 4-1 i- 1 1 1 2F-A 11 01 1 t11 3-11 - 4 ° 1 al - Al c)1 1 Al-°1aV 
PWM (); ",1 u1151?-1 Al- 01 a71- PwM o 1 -°11A1 Y-tll 011 

Al- A Al- A u1-1 

/a Al C'11 -E 1 1.Z-11j14 1 l 1A 17:1 14%1 1 11L11,a>l0 7 1* V-16IP-1 *O_ uo41%1 A -11 4 7 11 1-N11811 -701 7 1 11 a tgl 
° '11 A 1-1- 1 ra-2E- p I i l oil Ai -v- - 9)  014 -84 3101ut. 

CI* V: /H A] ° I'll Al t ill -0 -Lf-- X11 4-1 IRA ti  401 Al tr,1: ld iTat9P1 tr,1: Ut "0-- O1-* a} /a Al  91- -73-A1- tic11 

4-1 1 5-el Y1-51- *441 vela 71--'e;t1-r-1-. 

111-91- V- A °I1 T-1 LII*°11 Ell A IR- el 91- A y o 4 *-V1 t1J-
IRA (,1 oi H1 -0-2_ oil El all 01 71- 71---'e; 

011 A1 2E- El (,1E-1 all 01 tr,1- 4 111 5-1E- -A °1 A IT-

-711. 

'V 011 5.'101 Al , 

91 1q Ad-71 ' El 2-7_ tg 5-A V: °1E-1-E- -1 -- jj_ 4 2E - Al 1 

-1---lJAT cd '01-411 -a-11 A 01- -1 Ell A 0M tial X11 ( 1_ -• aq; 

T A1 51 Ell Cd El A V Al 01- -1 E  oM 012E- A T-1 Al 13- -• a°1-; 

Ac171 41 91- `11A1 T71 `,1 15-- E--7 9 1" i d -71 11 1 27- E ]1 °
1El Tagj, X11

Ole p5-0]1 A1 -'J71 'al A _13_ IRA _a 01-91- Ad-71 41 Ell A ( 1_ ( 1E-1 C)1±--

- 10 - 

Samsung Electronics Co., Ltd.
Ex. 1002, p. 253



10-0606242 

*1 1 Pri tial CI- 1 9 1-Ell ° 1El 12 1q 
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Patents KR 100606242 B1 

Voiatiie Memory Device for buffering between non-Voathe Memory and host, Multi-chip packaged Semiconductor 
Device and Apparatus for processing data using the same 

Abstract 

Disclosed is a volatile memory operating as a roaster to a nonvolatile memory. l'he memory of the 

present invention includes a main memory core and a sub memory core. in addition, a first port for 

transmitting data with an external system. a second port for transmitting data with an external flash 

memory, and an interface between toe main memory core and the external system in toe master 

mode through the first port, the slave mode And a main interface unit for interlacing the sub-

memory core with the external system, and a sub-interface unit for interfacing the sub-memory core 

with the external nonvolatile memory in the slave mode through the second port. Therefore, the high 

speed volatile memory operates as the master for the low speed nonvolatile memory, thereby 

simplifying the memory control of the system. 
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Claims (23) Hide Dependent A 

3, A multi-port volatile memory device, 

A first port for transmitting and receiving data between an external host system and the multi-poll volatile memory device; 

A volatile main memory core for storing the received data and reading the requested stored data; 

A volatile sub memory core for storing the received data and reading toe requested stored data; 

A main interface circuit coupled with the first port to exchange data between the volatile main memory core and the first port in a master mode and to exchange data 

between the volatile sub memory core and the first port in a slave mode; 

A second port for transmitting and receiving data with an external nonvolatile memory device; And 

And a sub interface cimuit coupled to the second port to exchange data between the volatile sub memory core and the second port in the slave mode. 

2. The method of claim 1, wherein the main interface unit 

A command decoder for generating an internal command control signal by decoding a command provided from the external host system; 

An address buffer configured to input an address signal provided from the external host system to generate an internal address signal; 

A data input / output buffer for exchanging data between the external host system and the volatile main memory core in the master mode and exchanging data 

between the external host system and the volatile sub memory core in the slave mode; 

The volatile main memory core and the volatile sub memory core are controlled by the control data provided through the address buffer and the dm. input / output 

buffer in response to the master / slave mode selection signal provided from toe external host system to control the master and the slab. A multi-port volatile 

memory device comprising a control unit for controlling the Eve operation mode. 

The method of claim 2, wherein the sub interface unit 

And a NAND flash memory controller configured to control data transfer between the external flash memory connected to the second port and the volatile sub 

memory core in response to the control data provided from the controller. 

4. The method of claim 2, wherein the main interface unit 
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And a power manager confq;ured to manage power of the volatile sub memory core and the sub interface unit in response to a power control signal provide•-: from 

the command decoder. 

5. The multi-port volatile memory device according to claim 2, wherein the size of the sub memory core is at !east a page size or a block size which is a work unit of 

the flash memory. 

6. A multi-port volatile memory device, 

A first port for directly connecting addresses, commands, and data with the host system; 

A second port for directly connecting an address, a command, and data with the nonvolatile memory device; And 

A volatile memory coupled to the first and second ports and performing a read and write operation with the host system through the first port and a ;'cad and write 

operation with the nonvolatile memory device through the second port. Multi-port volatile memory device containing core. 

7. The method of claim 6, wherein the volatile memory core is 

A volatile main memory core coupled to the first port to perform an access operation through the first port in response to a master mode signal from the host 

system; And 

Arid a volatile sub memory core configured to perform an access operation through the first port and the second pot in response to a slave mode signal from the 

host system. 

13. 8. The method of claim 7, wherein the volatile main memory core performs a read and write operation through the first port in the ;master mode, and further 

perform8 :3 copy operation with the volatile sub memory core in the slave mode. Multi-Port Volatile Memory Device. 

B. The method of claim 7, wherein the volatile sub memory core performs a read and write operation through the first port in the slave mode, and performs a 

nonvolatile read and write operation between the external host and the nonvolatile memory in the slave mode. And receiving data from the external host and 

transmitting data to the external host. 

10. The memory device of claim 9, wherein the volatile sub memory core receives data from the external host from the first port and provides the data to the 

nonvolatile memory device through the second port in a flash write operation mode. Multiport volatile memory device. 

11. The method of claim 9, wherein the volatile sub memory core receives dm-. from the nonvolatile memory through the second pot and provides the data to the 

external host through the first port in a flash read operation mode. Multiport volatile memory device. 

12. The data storage device of claim 9, wherein the volatile sub memory core receives data from the nonvolatile memory through the second port in a page read 

operation mode and provides the data to the volatile main memory core in units of one page size. Multi-port volatile memory device, characterized in that. 

13. 13. The method of claim 12, wherein the data in the volatile main memory received from the volatile sub memory core when the interrupt signal is in an inactive 

state is accessible through the first port by the external host. 

Multi-Port Volatile Memory Device. 

14. The multi-port volatile memory device of claim 13, wherein the volatile sub memory core performs a read write operation with the nonvolatile memory when a 

standby signal is in an inactive state. 

1S. The volatile main memory core of claim 9, wherein the volatile main memory core receives data from the external host through the first port in a page write 

operation mode, and in units of one page size for writing to the nonvolatile memory device. And providing the data to a volatile sub memory core. 

16. 16. The multi-port volatile memory of claim 15, wherein the main memory core is accessible by the external host through the first port when the interrupt signal is 

inactive after the data is provided to the volatile sub rnernoty core. Device. 

17. The multi-port volatile memory device of claim 15, wherein the volatile sub memory core performs a read / write operation with the nonvolatile memory when a 

standby signal is in an inactive  

18. 8. The multi-port volatile memory device of claim 7, wherein the nonvolatile memory, the volatile main memory core and the volatile sub memory core are included 

in a single package. 

19. 7. The mufti-port volatile memory device of claim 6, wherein the non-volatile memory device is a NAND flash memory and the multi-port volatile memory device 

comprises SORAM. 

20. Main memory core; 

duffer memory core; 

A first data input output unit connected between a first data input output port connected to a host and the main memory core to drive input; output of data; 

A second data input; output unit connected between a second data input output port connected to a flash memory and the buffer memory core to drive input output 

of data; 

A first address register for storing an address signal of the main memory core; 

A second address register connected between the first and second dm-. input; output units to store an address signal of the flash memory, And 

With a control unit, 

The control unit 

in the data read or write operation mode of the main memory core 

Address the main memory core according to the address signal provided from the host, read or write data through the first data input; output unit, 
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In the data read operation mode of t;E, finch memory, 

the source address signal provided from the host is stored in the second address register through the first data input / output unit, the destination address signal is 

stored in the first address register, and the source address signal stored in the second address register is stored in the flash. Providing the flash memory as the start 

address of the memory to the flash memory through the second data input / output unit, storing data iead from the flash memory in the buffer memory core, and storing 

a destination address stored in the first address register at the start of the main memory core. Copy the data stored in the buffer memory core into the main memory core 

as an address, and iead the data copied into the main memory core to the host through the first data input / output unit, 

in the data write operation mode of the flash memory, 

A destination address signal provided from the host is stored in the second address register through the first data input/ output unit, a source address signal is stored in 

the first address register, and a source address signal stored in the first address register is stored in the main; Copying the data of the main memory core into the buffer 

memory core as a start address of the memory core, and outputting the data copied into the buffer memory core to the flash memory through the second data input / 

output unit. Type high speed memory device. 

21. A host accessing a high speed memory operating at a first speed; 

A low speed memory operating at a second speed, the speed lower than the first speed; And 

And a memory link high speed memory for directly interfacing with the low speed memory at low speed and directly interfacing with the host at high speed to link the low 

speed memory to the host at nigh speed. 

V.  Host; 

Nonvolatile memory; And 

And a volatile memory for directly interfacing with the nonvolatile memory through a first port and directly interfacing with the host through a second port to link the 

nonvolatile memory to the host. 

2 A connection port for connecting with the host; 

Nonvolatile memory; And 

And a memory link volatile memory connected directly to the nonvolatile memory and directly interfaced with the host through the connection port to link the nonvolatile 

memory to the host in a single package. . 

Description 

Multi-port volatile memory device performing a buffering operation between a nonvolatile memory and a host, a multi-chip package semiconductor device using the 

same, and a data processing device using the same (Volatile Memory Device for buffering between non-Volatile Memory and host, Multi-chip packaged Semiconductor 

DeV!Ce and Apparatus for processing data using the same) 

1 is a block diagram of a preferred embodiment of a master volatile memory according to the present invention. 

FIG. 2 is a detailed block diagram of the controller of FIG. 1 FiG, 

3 and 4 are operation timing diagrams of FIG. 

S is a configuration diagram of a preferred embodiment of a data processing apparatus according to the present invention. 

FIG. 6 is an internal configuration diagram of a preferred embodiment of the memory link volatile memory device of the muttichip semiconductor device of FIG. 5. 

The present invention relates to a master volatile memory device, and more particularly, to a dual port synchronous DRAM operating as a master fora nonvolatile 

rnemoiy operating as a slave. 

Recently, as mobile phones equipped with camera phones or mobile phones with Internet access are commercially available, a large capacity of memory for storing 

image data of mobile phones is required. 

In general, a mobile phone mainly uses a quinos flash memory capable of high speed operation and random access to Nora codes for data processing. However; Noah-

type flash memory is capable of high-speed random access, but it is not widely spread in large capacity due to high cost compared to capacity. 

On the other hand, NAND flash memory is low in cost compared to Noah flash memory, and the cost of capacity is low, so the demand for digital cameras is rapidly 

expanding in the field of image data storage. 

In general, in a mobile phone system, the central processing unit stores image data picked up from, a camera in a DRAM, and processes digital images such as 

compression and stores them in a NAND flash memory. The central processing unit controls the DRAM and the NAND flash memory through each interface, and the 

DRAM and the NAND flash memory exchange data through a direct memory access (DMA) block. 

Therefore, the performance of the entire system is degraded by the speed of the NAND flash memory operating at ow speed. in addition, since the hardware connection 

between the central processing unit, the DRAM, and the NAND flash memory is required, the package size increases when the system is chipped, thereby preventing the 

miniaturization and weight of the morale prone system. 

Toshiba Corp., Japan, introduced an interface technology that drives NAND flash memory like SRAM (srAric RANDOM ACCESS MEMORY). Toshiba technology uses 

SRAM as a buffer to buffer data transfers between the system and the flash, controlling the flash at the interface speed of the SP.AM between the system and the SRAM. 

En addition., Japanese Laid-Open Patent Publication No. 2002-95109 discloses a technology in which a DRAM, a NAND flash memory, and a control circuit are 

modularized into one chip. The control circuit of Inc module of this technology stores the external data in the DRAM once and then stores the data stored in the DRAM in 

the flash memory in response to the external command. In addition, when data to be written to the flash is to be read from the outside, the data of the flash is once 

transrriff.0 to the DRAM, and then the ;J.,4 transmitted to the DRAM is read out to the outside. Thus, the module is operated by the external system and the SDRAM 

interface. 
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These prior arts all control the data transfer between the system and the butter memory, the butter memory and the flash mem, y via the interface control circuitry 

between the flash memory and the buffer memory. 

SUMMARY. OF THE INVENTION An object of the present iriventiorr is to provide a master dual-port synchranous DRAM that slaves a low-speed nonvolatile memory such 

as a flash memory to simplify memory control in a host system in order to solve such problems of the prior art. 

The present invention also provides a low speed memory link type high speed memory device that controls a low speed flash memory to link the low speed memory to a 

host system. 

'the present invention also provides a data processing device including the low speed memory link type nigh speed memory device. 

The present invention also provides a munichip semiconductor device in which a nonvolatile memory such as a flash memory and the memory ink type high speed 

memory device are mounted in one package. 

In order to achieve the above object, the multi-port votatile memory device of tne present invention comprises a first port for transmitting and receiving data between an 

external host system and the multi-port volatile memory device; A volatile main memory core for storing the received data and reading the requested stored data; A 

volatile sub memory core for storing the received de,w and reading the requested stored de, A main interface circuit coupled with the first port to exchange dm-. 

between the volatile main memory core and the first port in a master mode and to exchange data between the volatile sub memory core and the first port in a slave 

mode; A second port for transmitting and receivirig data with an external nonvolatile memory device; And a sub interface circuit coupled with the second port to 

exchange data between tne volatile sub memory core and the second port in the slave mode. 

Here, the volatile memory device of the present invention is a DRAM of high speed operation, and the nonvolatile memory device of low speed operation is preferably 

composed of a NAND type flash memory. in this case, the volatile sub memory core may be configured as an SRAM. 

In the present invention, the main interface unit decodes a command provided from an external host system to generate an internal command control signal, an address 

buffer for inputting an address signal provided from an external host system to generate an internal address signal, and in the master mode. Data input / output buffers 

that exchange data between the external host system and the volatile main memory core, exchange data between the external host system and the volatile sub memory 

cores in the slave mode, and a master / slave provided from an external host system. The master and slave operation modes are controlled by controlling the volatile 

main memory core and the volatile sub memory core by control data provided through the address buffer and the data input; output buffer in response to the eve mode 

selection signal. And a control unit that controls. 

in the present invention, the sub-interface circuit includes a NAND flash memory controller for controlling data transfer between the external flash memory connected to 

the second port and the sub memory core in response to control de,w provided from the controller. 

In addition, in the present invention, the main interface circuit may further include a power management unit for managing the power of the volatile sub rrremory core and 

the volatile sub interface unit in response to the command control signal provided from the command decoder. 

In order to achieve the above object, the multi-poil volatile memory device or the present invention comprises' a first port having external access to a host system; A 

second port for external access with the nonvolatile memory device; And a volatile memory core coupled to the first and second ports for external access. 

In order to achieve the above object, the low speed memory link type nigh speed memory device of the present invention includes a main memory core, a buffer memory 

core, a first data input output unit, a second data input! output unit, a first address register, a second address register; and a controller, do. The first data input! output 

unit is connected between a first data input / output port connected to a !lost and the main memory to drive input / output of data, and the second data input / output unit 

is connemAd between a second data input output port connected to a flash memory and the buffer memory. Drives input and output of data. The first address register 

stores the address signal of the main memory core. A second address register is connected between the first and second data input output units to stole an address 

signal of a flash memory. In the data read or write operation mode of the main memory core, the controller may address the main memory core by an address signal 

provided from the host, and read or write data through the first data input! output unit In the data read operation mode of the flash memory, the controller stores a 

source address signal provided from the host in the second address register through tne first data input/ output unit, stores a destination address signal in the first 

address register; The source address signal stored in the second address register is provided to the flash memory through the second data input / output unit as a start 

address of the flash memory, the data read from the flash memory is stored in the buffer memory core, and the buffer Copy the data stored in the memory core to the 

main memory core with the destination address stored in the first address register as a start address, and call the data copied into the memory core through the first data 

input / output unit. rrojan thereby read out. in the data write operetion mode of the flash memory, the co.....oller stores a destination address signal provided from the 

host in the second address register through the first data Input 1 output unit, stores a source address signal in the first address register, Copying the data of the main 

memory core to the buffer memory core using the source address signal stored in the first address register as the  t address of the main memory core, and copying 

the data copied to the buffer memory core to the second data input output unit. To the flash memory. 

in order to achieve the above object, the data processing apparatus of the present invention includes a host for accessing a high speed memory operating at a first 

speed; A low speed rrremory operating at a second speed, the speed lower than the first speed; And a memory rrl< high speed memory for low speed interface with the 

low speed memory and high speed interface with the host to link the low speed memory to the host at high speed. 

in order to achieve the above object, the data processing apparatus of the present invention comprises a host; Nonvolatile memory; And a volatile memory for interfacing 

with the nonvolatile memory through a first port and interfacing with the host through a second port to link tne nonvolatile memory to tne host. 

In order to achieve the above object, the multi-chip semiconductor device of the present invention comprises a connection port for connecting wits the host; Nonvolatile 

memory; And a memory link volatile memory connected to the nonvolatile memory and interfacing with the host through the connection port to link the nonvolatile 

memory to the host in one package. 

Hereinafter, exemplary embodiments of the present invention will be described in detail with reference to the accompanying drawings. This embodiment is described in 

sufficient detail to enable those skilled in the ail to practice the invention. 

-chromate 13 

1 shows a configuration of a master volatile memory accordirig to the present irivention. Referring to FIG E, the system 100 is connected to a NAND type flash memory 

300 through a master volatile memory and a DRAM 200. 

The DRAM 200 of the present invention includes a first poll- 202 connected to the system100 in a dual port type, and a second port 204 connected to the NAND flash 

memory 300. 

In addition, the DRAM 200 includes a main memory core 210 and a sub memory core 220. The main memory core 210 includes a cell array 212, a low decoder 214, and a 

column decoder 216. The sub memory core 220 includes a cell array 222, a row decoder 224, and a column decoder 226. 
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in addition, the DRAM 200 may include a main interface unit 230 and a sub interface 240. Tbe main interface 230 iociudes a commend decoder 222, an address 

buffer 234, an input r output buffer 236, a controller 238, and a mode selector 239. 

The command decoder 232 is a command provided from the external system 100, i.e., a DRAM control signal. for example, a chip select signal CS, a low strobe signal / 

RAS, a column strobe signal CAS, a clock signal CLK, a write enable signal / WE , Chip enable signal, and the like. The command decoder 232 decodes these control 

signals to interpret an operation mode such as writing or reading, and generates internal command control signals related to the opeiai.ibri mode to generate the main 

memory core 210, the sub interface unit 240, and the controller 238. To provide. 

The address buffer 234 receives an address signal provided from the external system 100 and generates an internal address signal synchronized with a clock. The 

Internal address signal is provided to tine main memory core 210 and the controller 238 The internal address signals provided to the main memory core are row 

addresses and column addresses, and the internal address signals provided to the controller 238 are control data provided from the external system 100, for example, 

mode set data, initial address information of the NAND flash memory, Address information of the sub memory core 230. 

The input / output buffer 236 buffers data input / output between the main memory core 210 or the sub memory core 220 and an external system. The input / output 

buffer 236 provides data size information of the NAND flash memory 300 to the controller 238. 

The control unit 238 transfers NAND flash initial address information and address information of the sub memory core among the control data provided through the 

address buffer 234 to the sub interface unit 240, and master / slave based on the mode set data. Generate the mode selection signal (11 / 8). In the slave mode, the 

controller 238 controls the sub memory core 220 to control data writing and reading of the sub memory core 220. 

The master / slave mode selector 239 selectively couples the input / output buffer 236 to the main memory core 210 and the sub memory core 220 in response to the M 

/ S signal. 

The sub interface unit 240 includes a NAND controller 242 and a power manager 244. The NAND controller 242 interfaces the sun memory core 220 and the external 

flash memory 300 in the slave mode through the second port 204. The NAND control :Jr:it 242 transfers the NAND address information provided from the C:0;11.r01 unit 238 

to the external flash memory 300 through the second port 204 to control the writing and reading of data in the flash memory 300. 

The power management unit 244 manages the power of the sub memory core 220 and the NAND control unit 242 in response to the cower control signal of the 

command decoder 232 to resume power supply in the operation mode and in the idle state the sub memory core ( 220 and the sub-interlace unit 240 are cut off to 

manage unnecessary power consumption. 

2, the controller 238 includes a switch 238a, an address latch 238b, a NAND start address latch 238c, a size latch 238d, a DRAM start address latch 238e, an address 

comparator 238f, Address generator 238g, size comparator 238h, and latch 238i. 

FIG. 2 shows only blocks related to address processing in the configuration of the contror unit 238, blocks for processing internal command control signals from the 

command decoder 232, and blocks for generating a mode selection signal (MI S). is omitted. 

The switch 236a switches the size information provided from the input i output buffer 236 to the address latch 2388 and the size latch 238d, 

The address latch 23811 latches and provides the dm-. including the internal address information provided from the address buffer 234, the size information provided 

from the switch 238a, and the data provided from the size comparator 238h to the address comparator 238f. 

The NAND start address latch 238c latches the address provided from the address latch 238b to generate a NAND start address NAND-Addr. 

The size comparator 238h compares the data provided from the address comparator 2381 with the data including the size information provided from the size latch 238d 

and provides the result, to the address latch 238b. The address generator 238g generates the comparison information provided from the address comparator 23Bf as a 

sub address Sub Addr. 

The etch 238i outputs the rriaster i slave mode selection signal M S to the mode selector 239 based on the DRAM / NAND flash mode signal DRAM / NAND, 

1. Dual port riveran operation algorithm 

The entire main program performs idle state-DRAM mode-NAND flash mode-power management mode. 

The power management mode includes power down in the idle state of the sub-memory core, and management of a refresh operation to maintain stored data when 

power is shut down. 

2.. Main memory mode 

As shown in HG. 3, in the DRAM mode, the DRAM / NAND signal goes low to perform a normal synchronous DRAM operation mode. 

Referring to FIG. 3, first the low address Ra is output to the address ADDR cn response to the falling edge of the / RAS signal, and the column address Ca is the address 

ADDR in response to the falling edge of the CAS signal. Is output. When the write enable signal / WE has a high level, the read enable mode operates in the read mode, 

and the data Qal, Qa2. Qa3, and Qa4 of address a of the main memory core 210 corresponding to the low address Ra and the column address Ca are provided. Are read. 

Next, when / WE has a low level, it operates in the write mode, and data OW, Dbl. Oh2, and Ob3 are written to address 8 of the main memory core 210 by the low address 

Rb and the column address Cb. (write) The hatched sections in FIG. 3 are don't care sections. 

3. Nand flash mode 

When data is written to the NAND flash, the DRAM / NAND signal is turned high to connect the data path with the sub memory core 220. Accordingly, data to be written to 

the. NANO flash 300 is written to the sub memory core 220 under the control of the controller 2313. The control unit 238 activates the NAND CO;11.N.11 unit 242 when the data 

written in the sub memory core 220 reaches a block size, which is a unit of work of the NAND flash memory 300, to the second port 204. Writes in block units to the 

connected flash memory 300. 

Referring to FIG. 4, the write operation of the NAND flash memory 3(10 is performed by the input / output line I / Ox of the second port 204 in response to the low level 

chip enable signal / CE and the low level write enable signal / WE. Outputs the data to the NAND flash memory. CLE is a command latch enable signal, and ALE is an 

address latch enable signal, which is used to multiplex a command and an address to the input / output line I / Ox, respectively 

Accordingly, the size of the sub memory core 220 may be determined based or; a block size that is a write unit of the NAND flash 300. For exampie. 1 Mb or less can he 

used. 
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in addition, the NAND address uses the address generated in the system 100 as it is, and in the low state of the low strobe signal RAS, the DRAM I NAND signal is made 

high and the address is stored in the controller 238 using ore address buffer 234 Latch. 

To ;earl data from the flash memory, the data read from the flash memory 300 is wiitten to the sub memory core 220 through the NANO controller 242, and then the data 

stored in the sub memory core 220 is read from the input / output buffer 236. Read to the system 100 through. 

The read operation of the NAND flash memory 300 reads data from the flash memory 300 in response to the low level chip enable signal / CE and the high level write 

enable signal / WE, The read data is written to the sub memory core 220 through an Input/ output line Ox. 

Therefore, the system can write and read data to and from the flash memory at the DRAM interface operating speed. 

,:Example 2-s 

5 shows a block configuration of a data processing system according to the present invention. Referring to FIG. 5, the data processing device includes a host 300 and a 

multi-chip semiconductor device 310. The host 300 Includes a microprocessor and a memory controfter. The host 300 and the multi-chip semiconductor device 310 are 

connected to each other through an address bus 302, a data bus 304, and a control bus 306. The multi-chip semiconductor device 310 is a multi-chip package (MCP) 

Including a memory link SOISAM 312 and a NAND flash memory 314 as one package. The ML DRAM 312 and the NAND flash memory 314 are connected to each other 

through the data bus 316 and the control bus 318. 

In the present invention, the address bus 302 and the data tatc  304 have a structure of an address bus and a data bus of a conventional synchronous DRAM. The control 

bus 306 Includes CLK, CKE, DOS, PAS, CAS, WE, and DOM signal lines, which are conventional DRAM control signal lines it further includes a;; FCS, WAIT etc. to perform 

a memory link command. The FCS is a NAND Clash memory chip select signal, and the WAIT is a signal that notifies the host that the command is completed when the 

read, program, and en:Ise opeiations of the NAND flash memory Chip are completed. The control bus 318 includes CLE, ALE. CE, Pt., WE, and RE signal lines, which are 

conventional NAND flash memory control signal lines. 

illustrates an internal block configuration of the ML-SDRAM of FIG. 5. Reterrinc to FIG. 6, the ML•SDPAM 312 includes an address generator 410, a main memory core 

420, a sub memory core 430, a first data input / output unit 440, and a second data input i output unit 450. ), And a control unit 460. 

The address generator 410 may include a first latch 411 for ke.ching a row address signal, a second latch 412 for latching a column address signal, a first address 

register 413 for storing an address signal, and a row counter ( 414, a first selector 416, and a second selector 417. In the DRAM operation mode, the address generator 

410 latches the row address and the column address through the first and second latches 411 and 412 and provides them to the first and second selectors 416 and 417. 

The first and second selectors 416 and 417 select the first and second latches 411 and 412 in the DRAM operation mode in response to the PA and CA control signals to 

set the row address and the column address in the main memory core 420. It is provided as an address signal. The address generator 410 stores the row address and the 

column address in the first address register 413 in the copy operation mode. The row address stored in the first address register 413 is provided to the first selector 416 

via the row counter 414, and the column address stored in the first address register 413 is provided to the second selector 417. . The first and second selectors 416 and 

417 select the row counter 414 and the register 413 in the copy operation mode in response to the RA and CA control signals to select the row address and the column 

address of the main memory core 420. Provided by the address signal. 

The main memory core 420 is a large work storage area, and includes a row decoder 421, a column decoder 422, a cell array 423, and a column counter 424. The row 

counter 414 generates continuous row addresses by setting the row address signal applied in the copy operation as an initial value. The column counter 424 generates 

continuous column addresses by setting the column address signals applied in the burst operation mode and the copy operation mode of the DRAM as initial values. 

The sub memory core 430 is a buffer storage area of a page or block unit and includes a row decoder 431, a column decoder 432, and a cell array 433. The sub memory 

core 430 designates a cell by the buffer row address signal BRA and the buffer column address signal BOA provided from the controller 460. 

The first data input / output unit 440 is an SDRAM data input 1 output interface and includes a read buffer 441, a read register 442, a write buffer 44.3, a write register 444, 

and an input / output drive; 445. The read buffer 441 is conuolled by the DRAM read control signal OR, and the write buffer 443 is controlled by the DRAM write control 

signal OW. The first data input 1 output unit 440 provides data transfer between the host 300 and the main memory core 420 at an SDP.AM access operation speed. 

The second data input 1 output unit 450 is a NAND flash memory data input / output interface, and includes a read buffer 451, a read register 452, a write buffer 453, a 

write register 454, and an input; output driver 455. The read buffer 451 is controlled by the :,ash read control signal FR, and the write buffer 453 is controlled by the flash 

write control signal FW. The second data input / output unit 450 provides data transfer between the NAND flash memory 314 and the sub memory core 430 at the NAND 
Sash memory 314 access operation speed. 

The control unit 460 includes an SDRAM control logic unit 451, an ML control logic unit 452, a flash address register 463, and a copy path switch 464. 

rhe SDRAM control logic unit 451 inputs SDRAM control signals CKE, DOS, PAS, CAS, WE, DQM to decode a command, and outputs internal control signals DR, D'Ai, RA, 

and CA according to the decoded command. Occurs. DR is a DRAM read control signal, DW is a DRAM write control signal, RA is a row address select signal, and CA is a 

column address select signal. 

The ML control logic unit 462 generates the MS signal provided from the host 300 and the flash memory control signals CLE, ALE, CE, RE, WE, and the like, and prepares 

buses the RE provided from the flash memory 314. In response to the Ready / Busy) signal, a WAIT signal is generated and provided to the host 300. The ML control 

logic unit 462 generates a loading signal LD to control the copy address register 413 and the flash address register 453. The ML control logic unit 462 generates the row 

and column address signals BRA and BOA of the buffer memory core 430. 

The SORAM control logic unit 451 and the ML control logic unit 462 exchange operation state signals STA. 

The flash address register 463 receives and stores flash address data from the host through the first data input r output unit 440, and stores address data stored in 

response to the LD control signal to the NAND flash memory 413 through the second data input / output unit to provide. 

The operation of the second embodiment of the present invention configured as described above is as follows. 

.SDRAM operation mode 

In the SCRAM operation mode, the first and second selectors 416 and 417 of the address generator 410 are controlled to select the first and second latches 411 and 412, 

respectively. Therefore, the row address and column address provided from the host are provided to the main memory core 420 to address a particular cell. 

In the read operation, the data read from the main memory core 420 is Output to the host 300 through the first data input / output unit 440, and the data is provided from 

the host 300 in the write operation, and the data is supplied from the main memory core 420. is stored as 

2. Memory link operation mode 
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in t;ie memory ;ink operation mode, the ML-SDRA'M 312 serves an a buffer fcr relaying data and commands between the host 200 and the Bash me-nory 314. 

1) Page Read Mode (PPM) 

When the CKE, DCS, RAS, FCS, and WE signals provided from the host 300 are activated, the SDRAM control logic unit 461 activates the RA and CA control signals so that 

the first and second selectors 416 and 417 register 413. Switch to select. At the same time, the row address signal is stored in the register 413. In the read operation, the 

address stored in the register 413 becomes the destination address. 

In addition, the ML control logic unit 462 generates a WAIT signal in response to the active state of the FCS signal and outputs the WAIT signal to the host 30(1. 'Therefore. 

the host 300 checks the active state of the WAIT signal to confirm the link operation state of the ML-SDFIAM. 

The column address signal is then stored in the register 413 while the CAS signal is active. in a read operation, the row and column addresses stored in the register 413 

are provided as a start address of a destination of the main memory core 420 in which data read from the flash memory 314 is to be stored. 

Flash address data is input through the first data input unit 440 through the data line 304. The input flash address data is stored in the register 463. The address data 

stored in the register 463 is provided as the start address of the storage area to be read from the flash memory 314. 

When the address loading operation is completed from the host 300, the ML control logic unit 452 generates CLE, CF., and RE signals in an active state to provide a read 

command to the flash memory 314. Subsequently, the ALE signal is generated in an active state instead of the CLE signar, and the address data stored in the register 453 

is provided to the flash memory 314 through the second data input / output unit 450. 

The. Cash memory 314 receives the provided address data and accesses and outputs one page of data using the input address data as a start address. 

Data read from the flash memory is stored in the buffer memory core 430 through the second data input; output Unit 450. The buffer memory core 430 is addressed in 

response to the BRA and BCA signals of the ML control logic unit 462 to store one page of data. 

When the storage of the flash memory data in the buffer memory core 430 is completed, the ML control logic unit 462 generates the ERA and RCA address signals to 

start accessing the data stored in the buffer memory core 430. In addition, the CW copy control signal is generated to control the copy pass switch 464 to apply the data 

of the buffer memory core 430 to the main memory core 420. 

In addition, the LC control signal is applied to the register 413 to control the destination address signal stored in the register 413 to be applied to the main memory core 

420. Destination row and column addresses stored in register 413 are provided to main memory core 420. The destination row address stored in register 413 is loaded to 

row counter 414 with an initial value. The row counter 414 starts counting from this value. Also, the destination column address stored in the register 413 is loaded to the 

column counter 424 with an initial value The column counter 424 starts counting born this value. 'rhe row counter 414 and the column counter 424 perform counting 

operations until one page of data is written to the main memory core 420. Thus, the main memory core 420 performs a write operation. 

As such, the INT signal remains active from the start to the end of the copy operation of the buffer memory core. Therefore, the host 300 checks the state that the 

operation of the main memory core 420 is being performed. During this period, the host remains interrupted during SDRAM operation. 

When data copy is completed in the main memory core 420, the PRM operation is completed. As the WAIT signal transitions to the non-active state, the host recognizes 

the completion of the PPM operation. 

The host 300 checks the of.rtes of the WAIT and INT signals and does not generate a flash related new command during the active period of the WA:T signal, and does 

not generate a new SDRAM related command during the active period of the INT signal. However, during the buffering period in which the WAIT signal is active or the INT 

signal is non-active, the host 300 generates a new SDRAM command and simultaneously changes the data through the main memory core 420 regardless of the flash 

operation. You can do it. 

When both the WAIT signal and the INT signal return to the non-active state in the host 300, the data read operation stored in the flash memory 314 is completed by 

accessing the data in the storage area designated as the destination address through the normal SDRAM read operation. do. 

2.) Page Writs Mode (PWM) 

When the CKE, DCS, RAS, FCS, and RE: signals provided from the host 300 are activated, the SDRAM control logic unit 461 activates the RA and CA control signals so that 

the first and second selectors 416 and 417 register 413. Switch to select. At the same time, the row address signal is stored in the register 413. In the write operation, the 

address stored in the register 413 becomes a source address. 

in addition, the ML control logic unit 46.2 generates a WAIT signal in response to the active state of the FCC signal and outputs the WAIT signal to the host 300. Therefore, 

the host 300 checks the active state ci the WAIT signal to confirm the link operation state of the ML.-SDRAM. 

When address loading from the host 300 is completed, the row and column addresses stored in the register 413 are provided to the main memory core 42(1. The row 

address stored in register 413 is loaded to row counter 414 with an initial value. 

Flash address data is input through the data line 304 through the first data input unit 440. The input flash address data is stored in the flash address register 463. The 

address data stored in the register 453 is provided as the start address of the area to be written to the flash memory. 

Row counter 414 then begins counting from this value. In addition, the column address stored in the register 413 is loaded to the column counter 424 with an initial value. 

The column counter 424 starts counting from this value. The row counter 414 and the column counter 424 perform counting operations until one page of data is read. 

Thus, one page of d4t4 is accessed from the main memory core 420. 

,'he ML control logic unit 462 generates a CR copy read control signal to control the copy pass switch 454 so that the accessed data is applied to the buffer memory core 

430. The BRA and SCA address signals are provided to the buffer memory core 430 to store copy data provided from the main memory core 420. 

The ML control logic gnit 462 keeps the INT signal active while the copy operation is performed to inform the host 300 that the main memory core 420 is currently 

operating. 

When the copy read operation is complete; the INT signal transitions to the non active state. The copy pass switch 464 is cut off. 

When the address loading operation is completed from the host 300, the ML control logic unit 452 generates CLE, CF., and WE signals in an active state to provide a write 

command to the Cash memory 314. Subsequently, the ALE signal is generated in an active state instead of the CU signal, and the address data stored in the register 453 

is provided to the flash memory 314 through the second data input / output unit 450. 

The. Cash memory 314 prepares to write one page of data by inputting the provided address data and using the input address data as the start address. 
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The data read from the butter memory core 430 is provided to the memory 314 throught ,-, second data input / output buffer 450. The flash memory 314 atoms the 

input data in a designated storage area. In the flash memory, the RE1 signal is kept active during the write operation to notify tire ML control logic unit 552. When the write 

operation is completed, the R1.3 signal transitions to the non-active state, and in response, the ML control logic unit 462 transitions the WAIT signal to the non-active state, 

thereby recognizing that the PWM operation is completed in the host 300. 

Therefore, in the present invention, data transmission is always possible between the main memory core 520 and the host 300 regardless of the flash memory ope n 

except for the period during which the !NT signal is active. 

3) BiOCk Read Mode (BRM) 

Since one block of the flash memory is composed of tens of pages, for example; 32 pages, when the size of the buffer memory core 430 is a page size, the above-

described PRM operation is repeated 32 times. if the buffer memory size is in blocks, this is achieved by changing the page size to the block size in the PRM operation. 

4) Block Write Mode (BWM) 

Since one block in the flash memory is composed of several tens of pages, for example, 32 pages; when the size of the buffer memory is the page size, the above -

described PWM operation is repeated by 32 times. If the buffer memory size is in blocks, this is achieved by changing the page size to the block size in the PwM 

operation. 

Although described with reference to the examples, those skilled in the art can understand that the present invention can be variously modified and changed without 

departing from the spirit and scope of the invention described in the claims below. 'There will be. 

Although only the representative flash memory operation has been described in the above-described embodiment, other operations may be linked similarly to the existing 

flash memory operation in a similar manner to the above-described embodiment. 

As described above, in the present invention, a high speed operation. DRAM interface is provided to the system by providing a control circuit for interfacing a low speed 

operation nonvolatile memory such as a flash memory to a high speed operation volatile memory such as a DRAM. This can improve system design and ease of 

operation. In addition, since the memory controller is simplified, the system design is simpffied, and the system board can be miniaturized. 
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Total Files Size (in bytes): 58505717 
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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PTO/SB/06 (09-11) 
Approved for use through 1/31/2014. OMB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number. 

PATENT APPLICATION FEE DETERMINATION RECORD 
Substitute for Form PTO-875 

Application or Docket Number 
17/138,766 

Filing Date 
12/30/2020 To be Mailed 

ENTITY: E1 LARGE ID SMALL ED MICRO 

APPLICATION AS FILED - PART I 
(Column 1) (Column 2) 

FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($) 

0 BASIC FEE 
(37 CFR 1.16(a), (b), or (c)) 

N/A N/A N/A 

0 SEARCH FEE 
(37 CFR 1.16(k), (i), or (m)) 

N/A N/A N/A 

0 EXAMINATION FEE 
(37 CFR 1.16(o), (p), or (q)) 

N/A N/A N/A 

TOTAL CLAIMS 
(37 CFR 1.16(1)) minus 20 = x $100 = 
INDEPENDENT CLAIMS 
(37 CFR 1.16(h)) minus 3 = x $ 480 = 

OAPPLICATION SIZE FEE (37 
CFR 1.16(s)) 

If the specification and drawings exceed 100 sheets 
of paper, the application size fee due is $310 ($155 
for small entity) for each additional 50 sheets or 
fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37 
CFR 1.16(s). 

0 MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 

* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 

APPLICATION AS AMENDED - PART II 
(Column 1) (Column 2) (Column 3) 

A
M

E
N

D
M

E
N

T 03/11/2021 
CLAIMS 
REMAINING 
AFTER 
AMENDMENT 

HIGHEST 
NUMBER 
PREVIOUSLY 
PAID FOR 

PRESENT EXTRA RATE ($) ADDITIONAL FEE ($) 

Total 
(37 CFR 1.16(i)) " 30 Minus ** 30 =0 x $100 = 0 
Independent 
(37 CFR 1.16(h)) * 3 Minus *** 3 =0 x $480 = 0 
1] Application Size Fee (37 CFR 1.16(s)) 

[1] FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 
1.16(j)) 

TOTAL ADD'L FEE 0 
(Column 1) (Column 2) (Column 3) 

A
M

E
N

D
M

E
N

T 

CLAIMS 
REMAINING 

AFTER 
AMENDMENT 

HIGHEST 
NUMBER 

PREVIOUSLY 
PAID FOR 

PRESENT EXTRA RATE ($) ADDITIONAL FEE ($) 

Total 
(37 CFR 1.16(i)) Minus = x $ 0 = 

Independent 
(37 CFR 1.16(h)) Minus = x $ 0 = 

1] Application Size Fee (37 CFR 1.16(s)) 

0 FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 
1.16(j)) 

TOTAL ADD'L FEE 

" If the entry in column 1 is less than the entry in column 2, write "0" in column 3. LIE 

" If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". /CRYSTAL QUEEN/ 
"` If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 

The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1. 

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to 
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, 
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. 
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, ca// 1-800-PTO-9199 and select option 2. 
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/ r" b3At,,,\  UNITED STATES PATENT AND TRADEMARK OFFICE 

(4 , A\ UNITED STATES DEPARTMENT OF COMMERCE 

.-.4—'1. ''‘‘ 
I% .... -?_._ ev 
INtNT„,co,

151145 7590 

Shami Messinger PLLC 

1000 Wisconsin Ave. NW 
Suite 200 
Washington, DC 20007 

United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

NOTICE OF ALLOWANCE AND FEE(S) DUE 

03/24/2021 
EXAMINER 

FARROKH, HASHEM 

ART UNIT PAPER NUMBER 

2135 

DATE MAILED: 03/24/2021 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

17/138,766 12/30/2020 

TITLE OF INVENTION: FLASH-DRAM HYBRID MEMORY MODULE 

Hyun Lee 0016.001000H 8804 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 06/24/2021 

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT. 
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS. 
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON 
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308. 

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS  FROM THE MAILING 
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED.  THIS STATUTORY PERIOD 
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT 
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN 
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST 
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE. 

HOW TO REPLY TO THIS NOTICE: 

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that 
entity status still applies. 

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above. 

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled 
"Change in Entity Status (from status indicated above)". 

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity 
fees. 

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office 
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b" 
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a 
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing 
the paper as an equivalent of Part B. 

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail 
Stop ISSUE FEE unless advised to the contrary. 

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980. 
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at 
www.uspto.gov/PatentMaintenanceFees. 

Page 1 of 3 
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PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web. 

By mail, send to: Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 

By fax, send to: (571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All 
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected 
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications. 

Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

03/24/2021 Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being transmitted to 
the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) 

151145 7590 

Shami Messinger PLLC 

1000 Wisconsin Ave. NW 
Suite 200 
Washington, DC 20007 (Typed or printed name) 

(Signature) 

(Date) 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

17/138,766 12/30/2020 

TITLE OF INVENTION: FLASH-DRAM HYBRID MEMORY MODULE 

Hyun Lee 0016.001000H 8804 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

nonprovisional UNDISCOUNTED $1200 $0.00 

EXAMINER ART UNIT CLASS-SUBCLASS 

FARROKH, HASHEM 2135 710-308000 

$0.00 $1200 06/24/2021 

1. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

❑ Change of correspondence address (or Change of Correspondence 
Address form PTO/SB/122) attached. 

❑ "Fee Address" indication (or "Fee Address" Indication form PTO/ 
SB/47; Rev 03-09 or more recent) attached. Use of a Customer 
Number is required. 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously 
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

2. For printing on the patent front page, list 
(1) The names of up to 3 registered patent attorneys 
or agents OR, alternatively, 
(2) The name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

1 

2 

3 

Please check the appropriate assignee category or categories (will not be printed on the patent) : ❑ Individual ❑ Corporation or other private group entity ❑ Government 

4a. Fees submitted: ❑Issue Fee ❑Publication Fee (if required) ❑Advance Order - # of Copies 

4b. Method of Payment: (Please first reapply any previously paid fee shown above) 

❑ Electronic Payment via EFS-Web ❑ Enclosed check ❑ Non-electronic payment by credit card (Attach form PTO-2038) 

❑ The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No. 

5. Change in Entity Status (from status indicated above) 

❑ Applicant certifying micro entity status. See 37 CFR 1.29 

❑ Applicant asserting small entity status. See 37 CFR 1.27 

❑ Applicant changing to regular undiscounted fee status. 

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue 
fee payment in the micro entity amount will not be accepted at the risk of application abandonment. 
NOTE: If the application was previously under micro entity status, checking this box will be taken 
to be a notification of loss of entitlement to micro entity status. 
NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro 
entity status, as applicable. 

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications. 

Authorized Signature 

Typed or printed name 

Date 

Registration No. 

PTOL-85 Part B (08-18) Approved for use through 01/31/2020 
Page 2 of 3 
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United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

17/138,766 12/30/2020 

151145 7590 

Shami Messinger PLLC 

1000 Wisconsin Ave. NW 
Suite 200 
Washington, DC 20007 

03/24/2021 

Hyun Lee 0016.001000H 8804 

EXAMINER 

FARROKH, HASHEM 

ART UNIT PAPER NUMBER 

2135 

DATE MAILED: 03/24/2021 

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b) 
(Applications filed on or after May 29, 2000) 

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance. 

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement 
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent 
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial 
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term 
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior 
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration 
of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process 
outlined in 37 CFR 1.705. 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be 
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200. 
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B 

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget 
approval before requesting most types of information from the public. When OMB approves an agency request to 
collect information from the public, OMB (i) provides a valid OMB Control Number and expiration date for the 
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform 
the public about the OMB Control Number's legal significance in accordance with 5 CFR 1320.5(b). 

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain 
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is 
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including 
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon 
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions 
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, 
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection 
of information unless it displays a valid OMB control number. 

Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your 
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements 
of the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b) 
(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information 
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent 
application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not 
be able to process and/or examine your submission, which may result in termination of proceedings or abandonment 
of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 
1. The information on this form will be treated confidentially to the extent allowed under the Freedom of 

Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.0 552a). Records from this system of records may 
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the 
Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence 
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of 
settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting 
a request involving an individual, to whom the record pertains, when the individual has requested assistance 
from the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having 
need for the information in order to perform a contract. Recipients of information shall be required to comply 
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of 
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property 
Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, 
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility 
to recommend improvements in records management practices and programs, under authority of 44 U.S.C. 
2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection 
of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall 
not be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed 
in an application which became abandoned or in which the proceedings were terminated and which application 
is referenced by either a published application, an application open to public inspection or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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Notice of Allowability 

Application No. 
17/138,766 
Examiner 
HASH EM FARROKH 

Applicant(s) 
Lee et al. 
Art Unit 
2135 

AIA (FITF) Status 
No 

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address—
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1.C3 This communication is responsive to 03/11/2021.

❑ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on 

2.O An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the 
restriction requirement and election have been incorporated into this action. 

3O The allowed claim(s) is/are 1-30 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution 
Highway program at a participating intellectual property office for the corresponding application. For more information, please see 
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov. 

4.O Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a) ❑AII b) ❑ Some *c) ❑ None of the: 

1. ❑ Certified copies of the priority documents have been received. 
2. ❑ Certified copies of the priority documents have been received in Application No. . 

3. ❑ Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

5.O CORRECTED DRAWINGS (as "replacement sheets") must be submitted. 

❑ including changes required by the attached Examiner's Amendment / Comment or in the Office action of 
Paper No./Mail Date . 

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of each 
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d). 

6.O DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1.0 Notice of References Cited (PTO-892) 

2.0 Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date 03/11/2021.

3.O Examiner's Comment Regarding Requirement for Deposit 
of Biological Material . 

4.O Interview Summary (PTO-413), 
Paper No./Mail Date. 

5. ❑ Examiner's Amendment/Comment 

6. 0 Examiner's Statement of Reasons for Allowance 

7. ❑ Other . 

/HASHEM FARROKH/ 
Primary Examiner, Art Unit 2135 

U.S. Patent and Trademark Office 
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20210317 
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Application/Control Number: 17/138,766 Page 2 
Art Unit: 2135 

Notice of Pre-AIA or AIA Status 

The present application is being examined under the pre-AIA first to invent 

provisions. 

INFORMATION CONCERNING IDS: 

The information disclosure statements (IDS) submitted on 03/11/2021 are in 

compliance with the provisions of 37 CFR 1.97 Accordingly, the information disclosure 

statements have been considered by the examiner. However, a copy foreign priority 

patents listed as KR100606242 and WO2013016723 have not been provided. 

Therefore, these foreign priority patent documents have not been considered. 

Furthermore, NPL documents shown by lined-through have not been considered by the 

Examiner because a copy of the line-through documents have not been provide or they 

are not readily identifiable from title of documents listed. 

PART I THE EXAMINER'S EVALUATION OF THE APPLICATION 

SECTION A RELEVANT ART CITED BY THE EXAMINER 

1. Chen et at (US 20120271990 Al). 

2. Bates (US 20070136523 Al). 

3. Prete et al. (US 20080126624 A1). 

SECTION B DISTINGUISHING FEATURES RECITED IN THE CLAIMS 

The following is an Examiner's Statement of Reasons for Allowance See 

MPEP 1302.14 
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Application/Control Number: 17/138,766 Page 3 
Art Unit: 2135 

4. The primary reasons for allowance of claims 1-15 in the instant application is the 

combination with the inclusion of the following limitations: "a first buck converter 

configured to provide a first regulated voltage having a first voltage amplitude; a 

second buck converter configured to provide a second regulated voltage having 

a second voltage apl€tude; a third buck converter configured to provide a third 

regulated voltage having a third voltage amplitude; a converter circuit configured 

to provide a fourth regulated voltage having a fourth voltage amplitude a plurality 

of synchronous dynamic random access memory (SDRA) devices coupled to 

the first regulated voltage, and at least one circuit coupled between a first portion 

of the plurality of edge connections and the plurality of SDRAM devices, the at 

least one circuit operable to (i) receive a first plurality of address and control 

signals via the first portion of the plurality of edge connections, and (ii) output a 

second plurality of address and control signals to the plurality of 

SDRAM devices, the at least one circuit coupled to both the second regulated 

voltage and the fourth regulated voltage, wherein a first one of the second and 

fourth voltage amplitudes is less than the a second one of the second and fourth 

voltage amplitudes," 

5. The primary reasons for allowance of claims 16-20 in the instant application is the 

combination vAth the inclusion of the following limitations: "first, second, and 

third buck converters configured to receive a pre-regulated input voltage and 

to produce first, second and third regulated voltages, respectively; a plurality 

of components coupled to the PCB, the plurality of components including a 

plurality of synchronous dynamic random access memory (SDRAM) devices, 
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each component of the plurality of components coupled to one or more 

regulated voltages of the first, second, third and fourth regulated voltages; and a 

voltage monitor circuit configured to monitor an input voltage received via a first 

portion of the plurality of edge connections, the voltage monitor circuit 

configured to produce a signal in response to the input voltage having a voltage 

amplitude that is greater than a first threshold voltage" 

6. The primary reasons for allowance of claims 23-30 in the instant application is the 

combination with the inclusion of the follom,ing limitations: "a plurality of components 

coupled to the PCB, each component of the plurality of components coupled to 

one or more regulated voltages of first, second, third and fourth regulated 

voltages, the plurality of components including a plurality of synchronous 

dynamic random access memory (SDRAM) devices and one or more registers, 

the plurality of SDRAM devices coupled to the first regulated voltage, the one or 

more registers coupled to () the second regulated voltage, (is) a portion of the 

plurality of edge connections, and (iii) the plurality of SD RAM dev€ces, wherein a 

plurality of address and control signals are coupled to the one or more registers 

via the portion of the plurality of edge connections; first, second, and third buck 

converters configured to provide the first, second and third regulated voltages, 

respectively" 
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The prior art of record including the disclosures of Chen et at. (US 20120271990 

A1), Bates (US 20070136523 A1), and Prete et al. (US 20080126624 Al) neither 

anticipates nor renders obvious the above-recited combination. 

Any comments considered necessary by applicant must be submitted no later than the 

payment of the issue fee and, to avoid processing delays should be clearly labeled 

"Comments on Statement of Reasons for Allowance" 

PART II THE ATTENTION OF FUTURE CORRESPONDENT 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to HASHEM FARROKH whose telephone number is 

(571)272-4193. The examiner can normally be reached on 8:30 am - 5:00 pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Mr. Sanjiv Shah can be reached on (571)272-4098. The fax phone number 

for the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. For 

questions regarding access to the Private PAIR system, contact the Electronic Business 

Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a USPTO 
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Customer Service Representative or access to the automated information system, call 

800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/HASHEM FARROKH/ 
Primary Examiner, Art Unit 2135 

March 17, 2021 
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INFORMATION DISCLOSURE 
STATEMENT BY APPLICANT 
( Not for submission under 37 CFR 1.99) 

Application Number 17138766 

Filing Date 2020-12-30 

First Named Inventor Hyun Lee 

Art Unit 1731 

Examiner Name 

Attorney Docket Number 0016.001000H 

JESD205, JEDEC Solid State Tech. Assoc_, Mar_ 2007, 9 pages_ 

2 Joint Status Report Regarding Inter Partes Review, Netlist v. Smart Storage Systems, Inc. et. al., Case No. 4:13- 
:::,V-05889-YGR (NDCA), filed August 17, 2018, 4 pages_ 

3 
Material Science & Engineering, Department of Material Science and Engineering, Stanford University, Exhibit 2011, 
case No_ IPR2017-00692, 2 pages. 

4 Merriam-Websters Collegiate Dictionary, Eleventh Ed., Merriam Webster Corporation, Springfield, MA, 2003, 7 pages. 

5 Microsoft Computer Dictionary Fifth Edition, 2002, 3 pages. 

6 Microsoft Computer Dictionary Fifth Edition, 2002, 9 pages. 

7 Microsoft Press, Computer Dictionary, Second Edition, 1994, 4 pages. 

8 Microsoft Windows 2000 Professional Resource Kit, 76 pages. 

Mutnuary, B. et al., 'Analysis of Fully Buffered DIMM Interface in High-speed Server Applications", IBM Corp, xSeries 
9 

?Server Development, 2006 Electronic Components and Technology Conference, pp_ 203-208_ 

10 Notice of Allowance in U.S. Appl. No. 121240,916, dated Sep. 17, 2012. 

11 Notice of Allowance in U.S. Appl. No. 131536,173, dated Jul. 2, 2013. 
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INFORMATION DISCLOSURE 
STATEMENT BY APPLICANT 
( Not for submission under 37 CFR 1.99) 

Application Number 17138766 

Filing Date 2020-12-30 

First Named Inventor Hyun Lee 

Art Unit 1731 

Examiner Name 

Attorney Docket Number 0016.001000H 

12 Notice of Allowance in U.S. Appl. No. 131559,476, dated May 6, 2014. 

13 Notice of Allowance in U.S. Appl. No. 131559,476, dated Sep. 29, 2014. 

14 Notice of Allowance in U.S. Appl. No. 131905,048, dated Dec. 19, 2013, 8 pages. 

15 Notice of Allowance in U.S. Appl. No. 131905,053, dated Dec. 11, 2013. 

16 Notice of Allowance in U.S. Appl. No. 141173,219 dated Jul. 7, 2014. 

17 Notice of Allowance in U.S. Appl. No. 141489,269, dated Oct. 8, 2015. 

18 Notice of Allowance, SanDisk Corporation v. Netlist, Application No. 13/536,173, IPR2014-00982 (PTAB), dated July 2, 
2013, 8 pages. 

19 Artior' dated Aug 19, 2016 of the Clainese Patent.Applicatiori No 2012$1004775R 9 pairs -....--Wcc. -X 

20 Dffice Action in U.S. Appl. No. 12/240,916, mailed on Apr. 3, 2012. 

21 Dffice Action in U.S. Appl. No. 13/536,176, dated on Apr. 15, 2013. 

22 Dffice Action in U.S. Appl. No. 13/625,563, dated Aug. 5, 2013. 
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INFORMATION DISCLOSURE 
STATEMENT BY APPLICANT 
( Not for submission under 37 CFR 1.99) 

Application Number 17138766 

Filing Date 2020-12-30 

First Named Inventor Hyun Lee 

Art Unit 1731 

Examiner Name 

Attorney Docket Number 0016.001000H 

23 Dffice Action in U.S. Appl. No. 13/625,563, dated May 9, 2014. 

24 Dffice Action in U.S. Appl. No. 13/905,048, dated Aug. 1, 2013. 

25 Dffice Action in U.S. Appl. No. 13/905,053, dated Aug. 1, 2013. 

26 Dffice Action in U.S. Appl. No. 14/173,219, dated Mar. 13, 2014. 

27 Dffice Action in U.S. Appl. No. 14/302,292, dated Dec. 21, 2015. 

28 Dffice Action in U.S. Application No. 12/240,916, dated Feb. 1, 2012, 14 pages. 

29 Dffice Action in U.S. Application No. 141173,242, dated March 14, 2014, 7 pages. 

30 Dffice Action, Application 12/240,916, IPR2014-0099-1005 (PTAB), dated July 29, 2011, 8 pages. 

31 Dffice Action, Application 12/240,916, IPR2014-0099-1010 (PTAB), dated April 3, 2012, 11 pages. 

32 Dffice Action, Application No. 13/536,173, IPR2014-00982 (PTAB), dated April 15, 2013, 9 pages. 

Drder Granting t Stipulation IF Dismissal, N tl t v. Smart Storage Systems, Inc. t al., Case No. 4 -13 CV 05889 33 ..I .
YGR (NDCA), filed May 15, 2020, 2 pages. 
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INFORMATION DISCLOSURE 
STATEMENT BY APPLICANT 
( Not for submission under 37 CFR 1.99) 

Application Number 17138766 

Filing Date 2020-12-30 

First Named Inventor Hyun Lee 

Art Unit 1731 

Examiner Name 

Attorney Docket Number 0016.001000H 

34 Jatent Owner's Demonstratives, Patent Number: 8,671,243, Case No. IPR 2017-00587-2023, (PTAB), 57 pages. 

35 
3atent Owner's Listing of New Arguments and Evidence in Petitioners' Reply, Patent No. 8,671,243, Case No. 
IPR2017-00587 (PTAB), filed Jan_ 29, 2018, 6 pages_ 

36 
3atent Owner's Opposition to Petitioners' Motion to Exclude, Patent No. 8,874,831, Case No. IPR2017-00692 (PTAB), 
l ied April 2, 2018, 2017, 11 pages. 

37 
3atent Owner's Preliminary Response, Patent Number: 8,516,187, Case IPR2014-01371 (PTAB), filed Dec. 16, 2014, 
36 pages. 

38 
3atent Owner's Preliminary Response, SanDisk Corporation v. Netlist, Inc., Patent 8,301,833, IPR2014-00994 (PTAB), 
Japer  8, dated October 2, 2014, 60 pages_ 

39 
3atent Owner's Preliminary Response, SanDisk Corporation v. Netlist, Patent Number: 8,516,187, IPR2014-00982 
:PTAB), dated September 26, 2014, 57 pages. 

40 
3atent Owner's Preliminary Response, SK hynix Inc., et al., v. Netlist, Patent No. 8,301,833, Case No. IPR2017-00649 
:PTAB), filed May 1, 2017, 67 pages. 

41 
3atent Owner's Preliminary Response, SK hynix Inc., et al., v. Netlist, Patent No. 8,874,831, Case No. IPR2017-00692 
:PTAB), filed May 1, 2017, 48 pages. 

42 
3atent Owner's Preliminary Response, Smart Modular Tech v Netlist Inc., Patent No. 8,301,833, Case IPR2014-01370 
:PTAB), filed Dec_ 16, 2014, 66 pages_ 

43 Jatent Owner's Response, Patent No. 8,671,243, Case No. IPR2017-00587-12 (PTAB), filed Oct. 13, 2017, 80 pages. 

44 
3atent Owner's Response, SK hynix Inc., et al., v. Netlist, Patent No. 8,874,831, Case No. IPR2017-00692-12 (PTAB), 
l ied Nov_ 10, 2017, 77 pages. 
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INFORMATION DISCLOSURE 
STATEMENT BY APPLICANT 
( Not for submission under 37 CFR 1.99) 

Application Number 17138766 

Filing Date 2020-12-30 

First Named Inventor Hyun Lee 

Art Unit 1731 

Examiner Name 

Attorney Docket Number 0016.001000H 

Patterson et al  "romp iter CirgAni7atiCill & Design- Tlii. Hardware/Software Interface" Morgan _Kaufmann pi iblislaerc, 
45 Inc_ (1998), 71 pages. 

46 Petition for Inter Partes Review of Claims 1-30 of US.PATENT No. 8,301,833, IPR2014-01370 (PTAB), filed August 
22, 2014, 68 pages. 

47 Petition for Inter Partes Review of U.S. Pat. No. 8,301,833 (on behalf of SanDisk, Corp.), filed Jun. 20, 2014. 

48 Petition for Inter Partes Review of U.S. Pat. No. 8,301,833 (on behalf of SMART Modular Technologies, Inc.), filed 
Aug_ 22, 2014. 

49 Petition for Inter Partes Review of U.S. Pat. No. 8,301,833, filed Sep. 29, 2008. 

50 Petition for Inter Partes Review of U.S. Pat. No. 8,516,187 (on behalf of SanDisk, Corp.), filed Jun. 19, 2014. 

If you wish to add additional non-patent literature document citation information please click the Add button Add 

EXAMINER SIGNATURE 

Examiner Signature I /FIASHEM FARROKH/ Date Considered 0 3/1 5/2 0 2 1 

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a 
citation if not in conformance and not considered. Include copy of this form with next communication to applicant. 

I See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO 
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document 
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here if 
English language translation is attached. 
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INFORMATION DISCLOSURE 
STATEMENT BY APPLICANT 
( Not for submission under 37 CFR 1.99) 

Application Number 17138766 

Filing Date 2020-12-30 

First Named Inventor Hyun Lee 

Art Unit 1731 

Examiner Name 

Attorney Docket Number 0016.001000H 

CERTIFICATION STATEMENT 

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s): 

That each item of information contained in the information disclosure statement was first cited in any communication 
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the 
information disclosure statement. See 37 CFR 1.97(e)(1). 

OR 

That no item of information contained in the information disclosure statement was cited in a communication from a 
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification 
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to 

❑ any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure 
statement. See 37 CFR 1.97(e)(2). 

See attached certification statement. 

X The fee set forth in 37 CFR 1.17 (p) has been submitted herewith. 

X A certification statement is not submitted herewith. 
SIGNATURE 

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the 
form of the signature. 

Signature /Khaled Shami/ Date (YYYY-MM-DD) 2021-03-11 

Name/Print Khaled Shami Registration Number 38745 

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the 
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND 
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the 
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised 
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited 
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to 
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested 
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act 
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the 
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a 
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement 
negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to whom the record pertains, when the individual has requested assistance from the 
Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for 
the information in order to perform a contract. Recipients of information shall be required to comply with the 
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records 
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant 
to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or 
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to 
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make 
determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in 
an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICANT: Netlist, Inc. CONF. NO: 8804 

APPLICATION NO: 17/138,766 ART UNIT: 2135 

FILING DATE: 12/30/20 EXAMINER: FARROKH, Hashem 

TITLE: FLASH-DRAM HYBRID MEMORY MODULE 

Mail Stop Issue Fee 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

REQUEST FOR CONSIDERATION OF TIMELY CITED REFERENCES AND 

COMMENTS ON STATEMENT OF REASONS FOR ALLOWANCE 

Commissioner: 

Applicant gratefully acknowledges the indication of allowance of Claims 1-30 in the 

Notice of Allowance mailed March 24, 2021. 

The Notice of Allowance indicates that foreign references KR100606242 and 

WO2013016723 were not considered because copies thereof were not provided. Applicant 

respectfully disagrees. A copy of KR100606242 was submitted in the Information Disclosure 

Statement of March 11, 2021. In addition, a copy of WO2013016723 was cited in the 

information disclosure statement filed March 23, 2018 in parent application 15/934,416. 

Applicant respectfully requests consideration of these timely filed references and 

acknowledgement of same in a suitably marked Form PTO-892. 

In addition, page 5 of the Notice of Allowance states: 

The prior art of record including the disclosures of Chen et al. 
(US 20120271990 Al), Bates (US 20070136523A1), and Prete et al. (US 
2008012662A1) neither anticipates nor renders obvious the above-
recited combination. 

Applicant respectfully agrees that US 2008012662A1 and US 20070136523A1 do not 

anticipate nor render obvious the presently claimed invention. Applicant respectfully points out 

that the first named inventor of US 20070136523A1 is Bonnella, not Bates. 
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App. No. 17/138,766 
Atty. Docket No. 0016.001000H 

In addition, Applicant respectfully points out that Chen et al. (US 20120271990 Al) is 

not prior art at least because it is an issued patent from a commonly-owned ancestor application 

of the instant application and shares a common priority date with the instant application. 

Pursuant to 37 C.F.R. § 1.104, Applicant respectfully submits the instant statement 

commenting on the Examiner's reasons for allowance. 

Applicant maintains that additional and/or alternative reasons for allowance may exist 

apart from those expressed by the Examiner and the Applicant, and these reasons may be 

independently sufficient to establish the patentability of each of the allowed dependent or 

independent claims. 

Applicant respectfully reserves the right to introduce, articulate, or otherwise comment 

on any such additional reasons for allowance as may be appropriate in any future proceedings 

concerning the one or more claimed embodiments. 

To the extent that the Examiner's reasons for allowance are inconsistent with applicable 

case law, statutes, and regulations, Applicant respectfully disagrees with them. Furthermore, 

Applicant does not admit to any characterization or limitation of the claims or to any 

characterization of a reference by the Examiner, particularly any that are inconsistent with the 

language of the claims considered in their entirety and including all of their constituent 

limitations. 

Respectfully submitted, 

Dated: April 8, 2021 

Shami Messinger PLLC 
1000 Wisconsin Ave N.W., Suite 200 
Washington, D.C. 20007 
202-516-6900 

/Khaled Shami/ 
Khaled Shami 
Reg. No. 38,745 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICANT: Netlist, Inc. 

APPLICATION NO: 17/138,766 

FILING DATE: 12/30/20 

CONF. NO: 8804 

ART UNIT: 2135 

EXAMINER: FARROKH, Hashem 

TITLE: FLASH-DRAM HYBRID MEMORY MODULE 

Mail Stop Correction of Inventorship 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

CORRCTION OF INVENTORSHIP UNDER 37 C.F.R. § 1.48 
PURSUANT TO 35 U.S.C. 116 

Commissioner: 

Applicants respectfully requests correction of inventorship under 37 C.F.R. § 1.48 

pursuant to 35 U.S.C. 116 in the above-captioned application. The actual inventors are: 

1. CHEN, Chi-She 

2. SOLOMON, Jeffery C. 

3. MILTON, Scott H. 

4. BHAKTA, Jayesh 

Submitted herewith in support of the instant request are: 

1. A corrected Application Data Sheet (ADS) in accordance with 37 C.F.R. § 
1.76 that identifies each inventor by his or her legal name 

2. The processing fee set forth in 37 C.F.R. § 1.17(i) 

3. The fee set forth in 37 C.F.R. § 1.17(d) 
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App. No. 17/138,766 
Atty. Docket No. 0016.001000H 

It is not believed that additional fees are required in support of this request. However, 

authorization is hereby granted to charge additional fees to our Deposit Account No. 60-2034 

should such additional fees be required. 

Respectfully submitted, 

Dated: April 8, 2021 

SHAMI MESSINGER PLLC 
1000 Wisconsin Ave N.W., Suite 200 
Washington, D.C. 20007 
202-516-6900 

/Khaled Shami/ 
Khaled Shami 
Reg. No. 38,745 
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Doc Code: R48.REQ 
Document Description: Request under Rule 48 correcting inventorship 

PTO/AIA/40 (04-18) 
Approved for use through 11/30/2020. OMB 0651-0031 

U.S. Patent and Trademark Office, U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number. 

a . REQUEST FOR CORRECTION IN A 
PATENT APPLICATION RELATING TO 

INVENTORSHIP OR AN INVENTOR 
NAME, OR ORDER OF NAMES, OTHER 
THAN IN A REISSUE APPLICATION (37 

CFR 1.48) 

Application Number 17/138,766 

Filing Date Dec. 30, 2020 

First Named Inventor CHEN, Chi-She 

Art Unit 2135 

Examiner Name FARROKH, Hashem 

Practitioner Docket 
Number 0016.001000H 

 1 

To: Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 

Applicant hereby requests that the inventorship be corrected or changed, or that the name of the inventor or a joint inventor, or the order of 

the names of joint inventors, be changed, in the above-identified application. Note: 37 CFR 1.48 applies to any request to correct inventorship 

filed on or after September 16, 2012, regardless of the application filing date. Do not submit this form after payment of the issue fee or if the 

application has been patented. See 37 CFR 1.324 for correction of inventorship in a patent. 

Please check the applicable box(es) below. 

For a nonprovisional application: 

1. This request is to correct or change the inventorship in a nonprovisional application (under 37 CFR 1.48(a)) and includes: 

ri An application data sheet (ADS) in accordance with 37 CFR 1.76(c) with the corrected or updated information shown with markings 

(e.g., underlining for insertions, strikethrough for deletions). See the Manual of Patent Examining Procedure (MPEP) section 

601.05(a) for information about filing an ADS in an application filed on/after September 16, 2012. For information about filing a 

Supplemental ADS in an application filed before September 16, 2012, see MPEP 601.05(b). 

ri The processing fee set forth in 37 CFR 1.17(i). 
$  140 

ri An inventor is being added. An inventor's oath or declaration by any actual inventor who has not yet executed an oath or declaration 

is required (see 37 CFR 1.48(b)). See MPEP 602.01(a) for information about an inventor's oath or declaration for an application filed 

on/after September 16, 2012 (e.g., form PTO/AIA/01). For information about an inventor's oath or declaration for an application 

filed before September 16, 2012 (e.g., form PTO/SB/01), see MPEP 602.01(b). 

ri This request is being filed after the first Office action on the merits has been given or mailed (see 37 CFR 1.48(c) and 1.17(d)). Check 

one of the following: 

OR 

ri This request to correct or change the inventorship is due solely to the cancellation of claims in the application. 

ri The fee set forth in 37 CFR 1.17(d) is due (in addition to the fee set forth in 37 CFR 1.17(i)). $ 
640 

[Page 1 of 2] 

This collection of information is required by 37 CFR 1.48. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to 
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 1 hour to complete, including 
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the 
amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND 
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 
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PTO/AIA/40 (04-18) 
Approved for use through 11/30/2020. OMB 0651-0031 

U.S. Patent and Trademark Office, U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number. 

REQUEST FOR CORRECTION IN A PATENT APPLICATION RELATING TO INVENTORSHIP OR AN 
INVENTOR NAME, OR ORDER OF NAMES, OTHER THAN IN A REISSUE APPLICATION 

(37 CFR 1.48) 

❑ 2. This request is to correct or update the name of the inventor or a joint inventor, or the order of names of joint inventors, in a 
nonprovisional application (under 37 CFR 1.48(f)) and includes: 

❑ An application data sheet in accordance with 37 CFR 1.76(c) identifying the complete inventive entity, including the corrected or 
updated name of the inventor, or the new order of names shown with markings (e.g., underlining for insertions, strikethrough for 
deletions). See the MPEP 601.05(a) for information about filing an ADS in an application filed on/after September 16, 2012. For 
information about filing a Supplemental ADS in an application filed before September 16, 2012, see MPEP 601.05(b). 

❑ The processing fee set forth in 37 CFR 1.17(i). $ 

For a provisional application: 
❑ This request is to change or correct the inventorship, or correct or update the name of the inventor or a joint inventor, in a provisional 

application (under 37 CFR 1.48(d)) and includes: 

❑ Attached hereto is a document that is signed by a party set forth in 37 CFR 1.33(b) and identifies each inventor by his or her legal 
name, in the preferred order. Note: the document may be an application data sheet in accordance with 37 CFR 1.76(c) that 
identifies the changes with markings (underlining for insertions, strikethrough for deletions). 

❑ The processing fee set forth in 37 CFR 1.17(q). $ 

Fee Payment Information: 
❑ Applicant asserts small entity status. See 37 CFR 1.27. 

❑ Applicant certifies micro entity status. See 37 CFR 1.29. 
Form PTO/SB/15A or B or equivalent must either be enclosed or have been submitted previously 

❑ A check in the amount of the fee is enclosed. 

❑ Payment by credit card. Form PTO-2038 is attached. 

The Director is hereby authorized to charge any fees which may be required, or credit any overpayment 

to Deposit Account No. 60-2034 . 

Payment made via EFS-Web. 

WARNING: Information on this form may become public. Credit card information should not be included 
on this form. Provide credit card information and authorization on PTO-2038. 

I am the 

❑ Applicant* attorney or agent of record ❑ attorney or agent acting under 37 CFR 1.34 

Registration number 38,745 Registration number 

Signature /Khaled Shami/ 
Typed or printed name Khaled Shami 

Date April 8, 2021 

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and certifications. *Juristic entities 
must be represented by a patent practitioner (See 37 CFR 1.31, applicable to any paper filed on or after September 16, 2012 that is presented 
on behalf of a juristic entity, regardless of application filing date). Submit multiple forms if more than one signature is required, see below**. 

❑ ** Total of forms are submitted. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your 
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the 
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is 
35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which 
the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission 
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and 
Trademark Office may not be able to process and/or examine your submission, which may result in termination 
of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of 
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.0 552a). Records from this system of records 
may be disclosed to the Department of Justice to determine whether disclosure of these records is 
required by the Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting 
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in 
the course of settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress 
submitting a request involving an individual, to whom the record pertains, when the individual has 
requested assistance from the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency 
having need for the information in order to perform a contract. Recipients of information shall be required 
to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system 
of records may be disclosed, as a routine use, to the International Bureau of the World Intellectual 
Property Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for 
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act 
(42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General 
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's 
responsibility to recommend improvements in records management practices and programs, under 
authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA 
regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or 
Commerce) directive. Such disclosure shall not be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either 
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 
151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to 
the public if the record was filed in an application which became abandoned or in which the proceedings 
were terminated and which application is referenced by either a published application, an application 
open to public inspection or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or 
regulation. 
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PTO/AIA/14 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Application Data Sheet 37 CFR 1.76 
Attorney Docket Number 0016.001000H 

Application Number 

Title of Invention FLASH-DRAM HYBRID MEMORY MODULE 

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the 
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76. 
This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the document 
may be printed and included in a paper filed application. 

Secrecy Order 37 CFR 5.2: 

r _i Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to 37 
I—I CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.) 

Inventor Information: 

Inventor 1 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

I Iy0H— -Lee—

Residence Information (Select One) 0 US Residency O Non US Residency O Active US Military Service 

City Ladcra Ranch State/Province -C-A-- Country of Residence—i— -I4S—

Mailing Address of Inventor: 

Address 1 21 Thalia Street 

Address 2 

City Laskma-Raar-h- State/Province -CA—

Postal Code 92691- Country-i-- -4S-

Inventor 2 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Chi-She Chen 

Residence Information (Select One) 0 US Residency O Non US Residency O Active US Military Service 

City Walnut State/Province CA Country of Residence  US 

Mailing Address of Inventor: 

Address 1 944 Crystal Water Lane 

Address 2 

City Walnut State/Province CA 

Postal Code 91789 Country i US 

Inventor 3 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Jeffrey C. Solomon 

WEB ADS 1.0 
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Approved for use through 04/30/2017. OMB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number. 

Application Data Sheet 37 CFR 1.76 
Attorney Docket Number 0016.001000H 

Application Number 

Title of Invention FLASH-DRAM HYBRID MEMORY MODULE 

Residence Information (Select One) ® US Residency O Non US Residency O Active US Military Service 

City Irvine State/Province CA Country of Residence i  US 

Mailing Address of Inventor: 

Address 1 6 Silver Fir 

Address 2 

City Irvine State/Province CA 

Postal Code  92604  Country i  US 

Inventor 4 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Scott H. Milton 

Residence Information (Select One) 0 US Residency O Non US Residency O Active US Military Service 

City Irvine State/Province CA Country of Residence i US 

Mailing Address of Inventor: 

Address 1 49 Statehouse Place 

Address 2 

City Irvine State/Province CA 

Postal Code 92602 Country i US 

Inventor 5 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Jayesh Bhakta 

Residence Information (Select One) C") US Residency O Non US Residency O Active US Military Service 

City Cerritos State/Province CA Country of Residence i  US 

Mailing Address of Inventor: 

Address 1 12220 Rose Street 

Address 2 

City Cerritos State/Province CA 

Postal Code 90703 Country i US 

All Inventors Must Be Listed - Additional Inventor Information blocks may be generated 
within this form by selecting the Add button. 

Add 

Correspondence Information: 

WEB ADS 1.0 
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Approved for use through 04/30/2017. OMB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number. 

Application Data Sheet 37 CFR 1.76 
Attorney Docket Number 0016.001000H 

Application Number 

Title of Invention FLASH-DRAM HYBRID MEMORY MODULE 

Enter either Customer Number or complete the Correspondence Information section below. 
For further information see 37 CFR 1.33(a). 

An Address is being provided for the correspondence Information of this application. 

Customer Number 151145 

Email Address Add Email Remove Email 

Application Information: 

Title of the Invention FLASH-DRAM HYBRID MEMORY MODULE 

Attorney Docket Number 0016.001000H Small Entity Status Claimed 

Application Type 

Subject Matter 

Total Number of Drawing Sheets (if any) 22 Suggested Figure for Publication (if any) 

Filing By Reference: 
Only complete this section when filing an application by reference under 35 U.S.C. 111(c) and 37 CFR 1.57(a). Do not complete this section if 
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be 
provided in the appropriate section(s) below (i.e., "Domestic Benefit/National Stage Information" and "Foreign Priority Information"). 

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this 
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). 

i 
Application number of the previously 
filed application 

Filing date (YYYY-MM-DD) Intellectual Property Authority or Country 

Publication Information: 

❑ Request Early Publication (Fee required at time of Request 37 CFR 1.219) 

Request Not to Publish. I hereby request that the attached application not be published under 35 U.S.C. 
n 122(b) and certify that the invention disclosed in the attached application has not and will not be the subject of an 
  application filed in another country, or under a multilateral international agreement, that requires publication at eighteen 

months after filing. 

Representative Information: 

Representative information should be provided for all practitioners having a power of attorney in the application. Providing 
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32). 
Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer Number 
will be used for the Representative Information during processing. 

Please Select One: 0 Customer Number Q US Patent Practitioner O Limited Recognition (37 CFR 11.9) 

Customer Number 151145 

WEB ADS 1.0 
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PTO/AIA/14 (08-15) 
Approved for use through 04/30/2017. OMB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number. 

Application Data Sheet 37 CFR 1.76 
Attorney Docket Number 0016.001000H 

Application Number 

Title of Invention FLASH-DRAM HYBRID MEMORY MODULE 

Prefix Given Name Middle Name Family Name Suffix 
Remove 

Registration Number 

Prefix Given Name Middle Name Family Name Suffix 
Remove 

Registration Number 

Additional Representative Information blocks may be generated within this form by 
selecting the Add button. 

Domestic Benefit/National Stage Information: 
This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate National 
Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes the specific 
reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78. 
When referring to the current application, please leave the "Application Number" field blank. 

Prior Application Status Pending Remove 

Application Number Continuity Type Prior Application Number 
Filing or 371(c) 

(YYYY-MM-DD) 
Date 

Prior Application Status 

Continuation of 

Patented 

15934416 2018-03-23 

Remove 

Application 
Number 

Continuity Type 
Prior Application 

Number 
Filing Date 

(YYYY-MM-DD) 
Patent Number 

Issue Date 
(YYYY-MM-DD) 

15934416 

Prior Application 

Continuation 

Status 

of 

Patented 

14840865 2015-08-31 9928186 2018-03-27 

Remove 

Application 
Number 

Continuity Type 
Prior Application 

Number 
Filing Date 

(YYYY-MM-DD) 
Patent Number 

Issue Date 
(YYYY-MM-DD) 

14840865 Continuation of 14489269 2014-09-17 9158684 2015-10-13 

Prior Application Status Patented Remove 

Application 
Number 

Continuity Type 
Prior Application 

Number 
Filing Date 

(YYYY-MM-DD) 
Patent Number 

Issue Date 
(YYYY-MM-DD) 

14489269 

Prior Application 

Continuation 

Status 

of 

Expired 

13559476 2012-07-26 8874831 2014-10-28 

Remove 

Application Number Continuity Type Prior Application Number 
Filing or 371(c) Date 

(YYYY-MM-DD) 

13559476 Claims benefit of provisional 61512871 2011-07-28 

WEB ADS 1.0 
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Approved for use through 04/30/2017. OMB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number. 

Application Data Sheet 37 CFR 1.76 
Attorney Docket Number 0016.001000H 

Application Number 

Title of Invention FLASH-DRAM HYBRID MEMORY MODULE 

Prior Application Status Patented Remove 

Application 
Number 

Continuity Type 
Prior Application 

Number 
Filing Date 

(YYYY-MM-DD) 
Patent Number 

Issue Date 
(YYYY-MM-DD) 

13559476 

Prior Application 

Continuation in part of 

Status Abandoned 

12240916 2008-09-29 8301833 2012-10-30 

Remove 

Application Number Continuity Type Prior Application Number 
Filing or 371(c) Date 

(YYYY-MM-DD) 

12240916 

Prior Application Status 

Continuation of 

Expired 

12131873 2008-06-02 

Remove 

Application Number Continuity Type Prior Application Number 
Filing or 371(c) Date 

(YYYY-MM-DD) 

12131873 Claims benefit of provisional 60941586 2007-06-01 

Additional Domestic Benefit/National Stage Data may be generated within this form by 
selecting the Add button. 

Foreign Priority Information: 

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet 

constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application that is eligible 

for retrieval under the priority document exchange program (PDX) the information will be used by the Office to automatically attempt retrieval 

pursuant to 37 CFR 1.55(i)(1) and (2). Under the PDX program, applicant bears the ultimate responsibility for ensuring that a copy of the foreign 

application is received by the Office from the participating foreign intellectual property office, or a certified copy of the foreign priority 

application is filed, within the time period specified in 37 CFR 1.55(g)(1). 

Application Number Country' Filing Date (YYYY-MM-DD) Access Code i(if applicable) 

Additional Foreign Priority Data may be generated within this form by selecting the Add 
button. 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition 
Applications 

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also 
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March 

n 16, 2013. 
NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March 
16, 2013, will be examined under the first inventor to file provisions of the AIA. 

WEB ADS 1.0 
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PTO/AIA/14 (08-15) 
Approved for use through 04/30/2017. OMB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number. 

Application Data Sheet 37 CFR 1.76 
Attorney Docket Number 0016.001000H 

Application Number 

Title of Invention FLASH-DRAM HYBRID MEMORY MODULE 

Authorization or Opt-Out of Authorization to Permit Access: 

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written authority to 
permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see paragraph A in 
subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant application (see 
paragraph B in subsection 1 below). 

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the 
authorization by checking the corresponding box A or B or both in subsection 2 below. 

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an application. 
After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind authorization for access 
by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate. 

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s) 

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the undersigned 
hereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office (JPO), the Korean 
Intellectual Property Office (KIPO), the State Intellectual Property Office of the People's Republic of China (SIPO), the World 
Intellectual Property Organization (WIPO), and any other foreign intellectual property office participating with the USPTO in a 
bilateral or multilateral priority document exchange agreement in which a foreign application claiming priority to the instant 
patent application is filed, access to: (1) the instant patent application-as-filed and its related bibliographic data, (2) any foreign 
or domestic application to which priority or benefit is claimed by the instant application and its related bibliographic data, and 
(3) the date of filing of this Authorization. See 37 CFR 1.14(h)(1). 

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked, the 
undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search results from 
the instant patent application when a European patent application claiming priority to the instant patent application is filed. See 
37 CFR 1.14(h)(2). 

The applicant is reminded that the EPO's Rule 141(1) EPC (European Patent Convention) requires applicants to submit a copy of 
search results from the instant application without delay in a European patent application that claims priority to the instant 
application. 

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s) 

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant 
n application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with any 

documents and information identified in subsection 1A above. 

r - i B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent 
I—I application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant application. 

NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the application in 
accordance with 37 CFR 1.14. 

WEB ADS 1.0 
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Application Data Sheet 37 CFR 1.76 
Attorney Docket Number 0016.001000H 

Application Number 

Title of Invention FLASH-DRAM HYBRID MEMORY MODULE 

Applicant Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR to have 
an assignment recorded by the Office. 

Applicant 1 
If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed. The 
information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR 1.43; or the 
name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person who otherwise shows 
sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an applicant under 37 CFR 1.46 (assignee, 
person to whom the inventor is obligated to assign, or person who otherwise shows sufficient proprietary interest) together with one or more 
joint inventors, then the joint inventor or inventors who are also the applicant should be identified in this section. 

Clear 

0  Assignee Q Legal Representative under 35 U.S.C. 117 Q Joint Inventor 

O Person to whom the inventor is obligated to assign. Q Person who shows sufficient proprietary interest 

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is: 

Name of the Deceased or Legally Incapacitated Inventor: 

If the Applicant is an Organization check here. a 

Organization Name Netlist, Inc. 

Mailing Address Information For Applicant: 

Address 1 175 Technology Drive 

Address 2 Suite 150 

City Irvine State/Province CA 

Country' US Postal Code 92618 

Phone Number Fax Number 

Email Address 

Additional Applicant Data may be generated within this form by selecting the Add button. 

WEB ADS 1.0 
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Application Data Sheet 37 CFR 1.76 
Attorney Docket Number 0016.001000H 

Application Number 

Title of Invention FLASH-DRAM HYBRID MEMORY MODULE 

Assignee Information including Non-Applicant Assignee Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of 
CFR to have an assignment recorded by the Office. 

Assignee 1 
Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent application 
publication. An assignee-applicant identified in the "Applicant Information" section will appear on the patent application publication as an 
applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the patent application 
publication. 

If the Assignee or Non-Applicant Assignee is an Organization check here. 0 

Organization Name 
Netlist, Inc. 

Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 1 175 Technology Drive 

Address 2 Suite 150 

City Irvine State/Province CA 

Country i US Postal Code 92618 

Phone Number Fax Number 

Email Address 

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by 
selecting the Add button. 

WEB ADS 1.0 
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Application Data Sheet 37 CFR 1.76 
Attorney Docket Number 0016.001000H 

Application Number 

Title of Invention FLASH-DRAM HYBRID MEMORY MODULE 

Signature: 
NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application Data Sheet 
is submitted with the INITIAL filing of the application and either box A or B is not checked in subsection 2 of the 
"Authorization or Opt-Out of Authorization to Permit Access" section, then this form must also be signed in accordance 
with 37 CFR 1.14(c). 

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic entity (e. 
g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a patent practitioner, 
all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given power of attorney (e.g., 
see USPTO Form PTO/AIA/81) on behalf of all joint inventor-applicants. 

See 37 CFR 1.4(d) for the manner of making signatures and certifications. 

Signature /Khaled Shami/ Date (YYYY-MM-DD) AraiL09-21121 

First Name Khaled Last Name Shami Registration Number 38745 

Additional Signature may be generated within this form by selecting the Add button. 

WEB ADS 1.0 
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Electronic Patent Application Fee Transmittal 

Application Number: 17138766 

Filing Date: 30-Dec-2020 

Title of Invention: FLASH-DRAM HYBRID MEMORY MODULE 

First Named Inventor/Applicant Name: Hyun Lee 

Filer: Khaled Shami/Stephanie Semler 

Attorney Docket Number: 0016.001000H 

Filed as Large Entity 

Filing Fees for Utility under 35 USC 111(a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USD($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

PROCESSING FEE, EXCEPT PROV. APPLS. 1830 1 140 140 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 
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Description Fee Code Quantity Amount 
Sub-Total in 

USD($) 

Extension-of-Time: 

Miscellaneous: 

CORRECTION OF INVENTORSHIP ON MERITS 1819 1 640 640 

Total in USD ($) 780 
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Electronic Acknowledgement Receipt 

EFS ID: 42400224 

Application Number: 17138766 

International Application Number: 

Confirmation Number: 8804 

Title of Invention: FLASH-DRAM HYBRID MEMORY MODULE 

First Named Inventor/Applicant Name: Hyun Lee 

Customer Number: 151145 

Filer: Khaled Shami/Stephanie Semler 

Filer Authorized By: Khaled Shami 

Attorney Docket Number: 0016.001000H 

Receipt Date: 09-APR-2021 

Filing Date: 30-DEC-2020 

Time Stamp: 22:03:46 

Application Type: Utility under 35 USC 111(a) 

Payment information: 

Submitted with Payment yes 

Payment Type CARD 

Payment was successfully received in RAM $780 

RAM confirmation Number E202149M04584434 

Deposit Account 602034 

Authorized User Stephanie Semler 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 

37 CFR 1.16 (National application filing, search, and examination fees) 

37 CFR 1.17 (Patent application and reexamination processing fees) 
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37 CFR 1.19 (Document supply fees) 

37 CFR 1.20 (Post Issuance fees) 

37 CFR 1.21 (Miscellaneous fees and charges) 

File Listing: 

Document 
Number 

Document Description File Name 
File Size(Bytes)/ 
Message Digest 

Multi 
Part /.zip 

Pages 
(if appl.) 

1 
Amendment/Req. Reconsideration-After 

Non-Final Reject 

Comments_on_Rsns_08_04_21 
_for_Allowance_03_24_21_001 

6001000H.pdf 

116857 

no 2 
b53482352ee793d3d5518527db473619279 

20812 

Warnings: 

Information: 

2 
Request under Rule 48 correcting 

inventorship 
00160001000 H_Correctio n_of_ 

Inventorship.pdf 

114198 

no 2 
a697dOddc462a6397b09830c9c0d4721220 

5ee22 

Warnings: 

Information: 

3 
Request under Rule 48 correcting 

inventorship 
0016001000 H_aia0040_04_08_ 

21.pdf 

199981 

no 3 
150981d7e9a033a16a0c9981227754c7a02 

3e2d 

Warnings: 

Information: 

4 Application Data Sheet 
Corrected_ADpS_0016001000H. 

df 

510157 

no 9 
918aa5a648314e5289831M7flolb91e5OCff3 

315b 

Warnings: 

Information: 

This is not an USPTO supplied ADS fillable form 

5 Fee Worksheet (SB06) fee-info.pdf 

32354 

no 2 
8d509ec842da660c049f1f26da9f06bfe9d7 

30eb 

Warnings: 

Information: 

Total Files Size (in bytes): 973547 
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

m. 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, VirgLnia 22313-1450 
www.uspto.gov AP NUMBER PLICATION I 371(c) FILIN DATE G or I G UNIT IIT FIL FEE REC'D I 

17/138,766 
ATTY.DOCKET.NO ITOT CLAIMS I IND CLAIMS 

12/30/2020 

151145 
Shami Messinger PLLC 
1000 Wisconsin Ave. NW 
Suite 200 
Washington, DC 20007 

2135 2820 0016.001000H 30 3 
CONFIRMATION NO. 8804 

UPDATED FILING RECEIPT 

Date Mailed: 04/14/2021 

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for 
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence 
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER, 
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are 
subject to collection. 

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please 
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes 
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or 
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt 
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another 
Filing Receipt incorporating the requested corrections provided that the request is grantable. 

I nventor(s) 
Chi-She Chen, Walnut, CA; 
Jeffrey C. Solomon, Irvine, CA; 
Scott H. Milton, Irvine, CA; 
Jayesh Bhakta, Cerritos, CA; 

Applicant(s) 
Netlist, Inc., Irvine, CA; 

Assignment For Published Patent Application 
Netlist, Inc., Irvine, CA 

Power of Attorney: The patent practitioners associated with Customer Number 151145 

Domestic Priority data as claimed by applicant 
This application is a CON of 15/934,416 03/23/2018 
which is a CON of 14/840,865 08/31/2015 PAT 9928186 
which is a CON of 14/489,269 09/17/2014 PAT 9158684 
which is a CON of 13/559,476 07/26/2012 PAT 8874831 
which claims benefit of 61/512,871 07/28/2011 
and is a CIP of 12/240,916 09/29/2008 PAT 8301833 
which is a CON of 12/131,873 06/02/2008 ABN 
which claims benefit of 60/941,586 06/01/2007 

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution 
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None. 
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Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to 
foreign priority. See 37 CFR 1.55 and 1.76. 

Permission to Access Application via Priority Document Exchange: Yes 

Permission to Access Search Results: Yes 

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as 
appropriate. 

Projected Publication Date: 04/29/2021 

Non-Publication Request: No 

Early Publication Request: No 
Title 

FLASH-DRAM HYBRID MEMORY MODULE 

Preliminary Class 

710 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no 
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent 
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international 
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same 
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing 
of patent applications on the same invention in member countries, but does not result in a grant of "an international 
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent 
protection is desired. 

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an 
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ 
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific 
foreign countries to ensure that patent rights are not lost prematurely. 

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the 
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign 
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it 
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html. 
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For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258). 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

GRANTED 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier 
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless 
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This 
license is not retroactive. 

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter 
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national 
security or the export of technical data. Licensees should apprise themselves of current regulations especially with 
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of 
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and 
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of 
Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 

SelectUSA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for 
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
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community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+1-202-482-6800. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

„, 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

PO. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

17/138,766 

151145 
Shami Messinger PLLC 
1000 Wisconsin Ave. NW 
Suite 200 
Washington, DC 20007 

12/30/2020 Chi-She Chen 0016.001000H 
CONFIRMATION NO. 8804 

37 CFR 1.48 ACKNOWLEDGEMENT 
LETTER 

Date Mailed: 04/14/2021 

NOTICE OF ACCEPTANCE OF REQUEST UNDER 37 CFR 1.48(a) 

This is in response to the applicant's request under 37 CFR 1.48(a) submitted on 04/09/2021. 

The request under 37 CFR 1.48(a) to correct the inventorship, to correct or update the name of an inventor, or to 
correct the order of names of joint inventors is accepted. 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 

/ttran/ 
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.,047'"ant.,,, UNITED STATES PATENT AND TRADEMARK OFFICE 

4 : UNITED STATES DEPARTMENT OF COMMERCE 
i 1i, United States Patent and Trademark Office 

,-,it 4....- ! Address: COMMISSIONER FOR PATENTS 
P.O. Box 1450 

i'4, -0''-'1''.1' Alexandria, Virginia 22313-1450 
lki3/4 ,,,,,,,co, www.uspto.gov 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

17/138,766 12/30/2020 

151145 7590 

Shami Messinger PLLC 
1000 Wisconsin Ave. NW 
Suite 200 
Washington, DC 20007 

2/2021 

Chi-She Chen 0016.001000H 8804 

EXAMINER 

FARROKH, HASHEM 

ART UNIT PAPER NUMBER 

2135 

NOTIFICATION DATE DELIVERY MODE 

04/22/2021 ELECTRONIC 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the 
following e-mail address(es): 

khaled@shamimessinger.com 
mike@shamimessinger.com 
stephanie@shamimessinger.com 

PTOL-90A (Rev. 04/07) 
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Complintary 
Notice of Allowability 

Application No. 
17/138,766 
Examiner 
HASH EM FARROKH 

Applicant(s) 
Chen et al. 
Art Unit 
2135 

AIA (FITF) Status 
No 

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address—
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1.C3 This communication is responsive to 03/11/2021.

❑ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on 

2.O An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the 
restriction requirement and election have been incorporated into this action. 

3O The allowed claim(s) is/are 1-30 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution 
Highway program at a participating intellectual property office for the corresponding application. For more information, please see 
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov. 

4.O Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a) ❑AII b) ❑ Some *c) ❑ None of the: 

1. ❑ Certified copies of the priority documents have been received. 
2. ❑ Certified copies of the priority documents have been received in Application No. . 

3. ❑ Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

5.O CORRECTED DRAWINGS (as "replacement sheets") must be submitted. 

❑ including changes required by the attached Examiner's Amendment / Comment or in the Office action of 
Paper No./Mail Date . 

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of each 
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d). 

6.O DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1.0 Notice of References Cited (PTO-892) 

2.0 Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date 03/11/2021.

3.O Examiner's Comment Regarding Requirement for Deposit 
of Biological Material . 

4.O Interview Summary (PTO-413), 
Paper No./Mail Date. 

5. ❑ Examiner's Amendment/Comment 

6. 0 Examiner's Statement of Reasons for Allowance 

7. ❑ Other . 

/HASHEM FARROKH/ 
Primary Examiner, Art Unit 2135 

U.S. Patent and Trademark Office 
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20210419 
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OF 

UNITED STATES DEPARTMENT OF COMMERCE 
U.S. Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 

APPLICATION NO./ FILING DATE FIRST NAMED INVENTOR/ ATTORNEY DOCKET NO. 
CONTROL NO. PATENT IN REEXAMINATION 
17/138,766 12/30/2020 Chen et al. 0016.001000H 

EXAMINER 
Shami Messinger PLLC 
1000 Wisconsin Ave. NW Suite 200 
Washington, DC 20007 

HASH EM FARROKH 

ART UNIT PAPER 

2135 20210419 

DATE MAILED: 

Please find below and/or attached an Office communication concerning this application or 
proceeding. 

Commissioner for Patents 

This communication is in response to the Applicant Letter received on 04/09/2021. The letter indicates that KR100606242 
was submitted in the Information disclosure Statement (IDS) of March 11, 2021; and a copy WO2013016723 was cited in 
the IDS filed March 23, 2018. Examiner agrees, a signed copy of IDS' are enclosed. This NOA states that the prior art 
does not appear to teach or suggest the combination of features or limitations included in the claims, instead of the prior 
art of record as was stated in the NOA issued on 03/24/2021. The Letter also states that "additional and/or alternative 
reasons may exist apart from those expressed by the Examiner and the Applicant". The Examiner would agree. However, 
the Examiner has chosen to include the combination of features or limitations that appear not being disclosed or render 
obvious by the prior art searched. using combination features or limitations in the claims reason for allowance is 
consistent with MPEP (e.g., see MPEP 1302.14). 

/HASHEM FARR0KH/ 
Primary Examiner, Art Unit 2135 

PTO-90C (Rev.04-03) 

Samsung Electronics Co., Ltd.
Ex. 1002, p. 385



Application/Control Number: 17/138,766 Page 2 
Art Unit: 2135 

Notice of Pre-AIA or AIA Status 

The present application is being examined under the pre-AIA first to invent 

provisions. 

INFORMATION CONCERNING IDS: 

The information disclosure statements (IDS) submitted on 03/11/2021 are in 

compliance with the provisions of 37 CFR 1.97 Accordingly, the information disclosure 

statements have been considered by the examiner. However, a copy NPL documents 

shown by lined-through have not been considered by the Examiner because a copy of 

the lined-through documents have not been provide or they are not readily identifiable 

from title of documents listed. 

Reason for Allowance 

1. The primary reasons for allowance of claims 1-15 in the instant application is the 

combination with the inclusion of the following limitations: "a first buck converter 

configured to provide a first regulated voltage having a first voltage amplitude; a 

second buck converter configured to provide a second regulated voltage having 

a second voltage amplitude; a third buck converter configured to provide a third 

regulated voltage having a third voltage ampl€tude; a converter circuit configured 

to provide a fourth regulated voltage having a fourth voltage amplitude a plurality 

of synchronous dynamic random access memory (SDRAM) devices coupled to 

the first regulated voltage, and at least one circuit coupled between a first portion 

of the plurality of edge connections and the plurality of SORAM devices, the at 
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Application/Control Number: 17/138,766 Page 3 
Art Unit: 2135 

least one circuit operable to (i) receive a first plurality of address and control 

signals via the first portion of the plurality of edge connections, and (ii) output a 

second plurality of address and control signals to the plurality of 

SDRAM devices, the at least one circuit coupled to both the second regulated 

voltage and the fourth regulated voltage, wherein a first one of the second and 

fourth voltage amplitudes is less than the a second one of the second and fourth 

voltage amplitudes," 

2. The primary reasons for allowance of claims 16.20 in the instant application is the 

combination vAth the OCILISI011 of the following limitations: "first, second, and 

third buck converters configured to receive a pre-regulated input voltage and 

to produce first, second and th€rd regulated voltages, respectively; a plurality 

of components coupled to the PCB, the plurality of components including a 

plurality of synchronous dynamic random access memory (SDRAM) devices, 

each component of the plurality of components coupled to one or more 

regulated voltages of the first, second, third and fourth regulated voltages; and a 

voltage monitor circuit configured to monitor an input voltage received via a first 

portion of the plurality of edge connections, the voltage monitor circuit 

configured to produce a signal in response to the input voltage having a voltage 

amplitude that is greater than a first threshold voltage" 

3. The primary reasons for allowance of claims 23-30 in the instant application is the 

combination with the inclusion of the following limitations: "a plurality of components 

coupled to the PCB, each component of the plurality of components coupled to 
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Application/Control Number: 17/138,766 Page 4 
Art Unit: 2135 

one or more regulated voltages of first, second, third and fourth regulated 

voltages, the piurality of components including a plurality of synchronous 

dynamic random access memory (SDRAM) devices and one or more registers, 

the plurality of SDRAM devices coupled to the first regulated voltage, the one or 

more registers coupled to (i) the second regulated voltage, (is) a portion of the 

plurality of edge connections, and (iii) the plurality of SDRAM devices, wherein a 

plurality of address and control signals are coupled to the one or more registers 

via the portion of the plurality of edge connections; first, second, and third buck 

converters configured to provide the first, second and third regulated voltages, 

respectively' 

The prior art does not appear to teach or suggest the above-recited combinations. 

Any comments considered necessary by applicant must be submitted no later 

than the payment of the issue fee and, to avoid processing delays should be clearly 

labeled "Comments on Statement of Reasons for Allowance" 

Any comments considered necessary by applicant must be submitted no later than the 

payment of the issue fee and, to avoid processing delays should be clearly labeled 

"Comments on Statement of Reasons for Allowance" 

Conclusion 
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Application/Control Number: 17/138,766 Page 5 
Art Unit: 2135 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to HASHEM FARROKH whose telephone number is 

(571)272-4193. The examiner can normally be reached on 8:30 am - 5:00 pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Mr. Sanjiv Shah can be reached on (571)272-4098. The fax phone number 

for the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. For 

questions regarding access to the Private PAIR system, contact the Electronic Business 

Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a USPTO 

Customer Service Representative or access to the automated information system, call 

800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/HASHEM FARROKH/ 
Primary Examiner, Art Unit 2135 

April 19, 2021 
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Application/Control No. 

17/138,766 

Applicant(s)/Patent Under Reexamination 

Chen et al. 

Examiner 

HASHEM FARROKH 

2135Art Unit 

CPC - Searched* 

Symbol Date Examiner 

G06F13/28; G06F13/4027; G06F13/1694; G06F13/4223; G06F12/ 
0638; G06F12/0246; G06F1/185; G06F3/0613; G06F3/0685 OR 
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Symbol Date Examiner 

US Classification - Searched* 
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710 138 03/17/2021 HF 
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I II MIDI 
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El l 

Application/Control No. 

17/138,766 
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Chen et al. 

Examiner 

HASHEM FARROKH 

2135Art Unit 

Search Notes 
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Google Search 02/25/2021 HF 

Assignee/Inventor Search Updated 03/17/2021 03/17/202 
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US Class/CPC 
Symbol 
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enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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❑ any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure 
statement. See 37 CFR 1.97(e)(2). 

See attached certification statement. 

X The fee set forth in 37 CFR 1.17 (p) has been submitted herewith. 

X A certification statement is not submitted herewith. 
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A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the 
form of the signature. 

Signature /Khaled Shami/ Date (YYYY-MM-DD) 2021-03-11 

Name/Print Khaled Sham' Registration Number 38745 

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the 
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND 
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1460, Alexandria, 
VA 22313-1460. 

EFS Web 2.1.18 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /H.F/ 

Samsung Electronics Co., Ltd.
Ex. 1002, p. 425



Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the 
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised 
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited 
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to 
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested 
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act 
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the 
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a 
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement 
negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to whom the record pertains, when the individual has requested assistance from the 
Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for 
the information in order to perform a contract. Recipients of information shall be required to comply with the 
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records 
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant 
to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or 
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to 
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make 
determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in 
an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the 
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised 
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited 
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to 
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested 
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act 
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the 
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a 
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement 
negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to whom the record pertains, when the individual has requested assistance from the 
Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for 
the information in order to perform a contract. Recipients of information shall be required to comply with the 
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records 
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant 
to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or 
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to 
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make 
determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in 
an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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That each item of information contained in the information disclosure statement was first cited in any communication 
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the 
information disclosure statement. See 37 CFR 1.97(e)(1). 
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That no item of information contained in the information disclosure statement was cited in a communication from a 
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification 
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❑ any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure 
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Name/Print Khaled Sham' Registration Number 38745 
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public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND 
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1460, Alexandria, 
VA 22313-1460. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the 
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised 
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited 
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to 
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested 
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act 
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the 
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a 
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement 
negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to whom the record pertains, when the individual has requested assistance from the 
Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for 
the information in order to perform a contract. Recipients of information shall be required to comply with the 
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records 
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant 
to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or 
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to 
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make 
determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in 
an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web. 

By mail, send to: Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 

By fax, send to: (571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All 
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected 
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications. 

Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

03/24/2021 Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being transmitted to 
the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) 

151145 7590 

Shami Messinger PLLC 

1000 Wisconsin Ave. NW 
Suite 200 
Washington, DC 20007 (Typed or printed name) 

(Signature) 

(Date) 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

17/138,766 12/30/2020 

TITLE OF INVENTION: FLASH-DRAM HYBRID MEMORY MODULE 

Hyun Lee 0016.001000H 8804 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

nonprovisional UNDISCOUNTED $1200 $0.00 

EXAMINER ART UNIT CLASS-SUBCLASS 

FARROKH, HASHEM 2135 710-308000 

$0.00 $1200 06/24/2021 

1. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

❑ Change of correspondence address (or Change of Correspondence 
Address form PTO/SB/122) attached. 

❑ "Fee Address" indication (or "Fee Address" Indication form PTO/ 
SB/47; Rev 03-09 or more recent) attached. Use of a Customer 
Number is required. 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously 
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

2. For printing on the patent front page, list 
(1) The names of up to 3 registered patent attorneys 
or agents OR, alternatively, 
(2) The name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

1  SHAMI MESSINGER PLLC 

2 

3 

Netlist, Inc. Irvine, CA 

Please check the appropriate assignee category or categories (will not be printed on the patent) : ❑ Individual II Corporation or other private group entity ❑ Government 

4a. Fees submitted: ZOIssue Fee UPublication Fee (if required) JAdvance Order - # of Copies 

4b. Method of Payment: (Please first reapply any previously paid fee shown above) 

MI Electronic Payment via EFS-Web ❑ Enclosed check ❑ Non-electronic payment by credit card (Attach form PTO-2038) 

ZI The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No.  60-2034

5. Change in Entity Status (from status indicated above) 

❑ Applicant certifying micro entity status. See 37 CFR 1.29 

❑ Applicant asserting small entity status. See 37 CFR 1.27 

❑ Applicant changing to regular undiscounted fee status. 

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue 
fee payment in the micro entity amount will not be accepted at the risk of application abandonment. 
NOTE: If the application was previously under micro entity status, checking this box will be taken 
to be a notification of loss of entitlement to micro entity status. 
NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro 
entity status, as applicable. 

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications. 

Authorized Signature  ,,,,,,,,,,,,,,, • 

Typed or printed name  Khaled Shami 

Date  April 23, 2021 

Registration No.  38,745
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Filing Date: 30-Dec-2020 

Title of Invention: FLASH-DRAM HYBRID MEMORY MODULE 

First Named Inventor/Applicant Name: Chi-She Chen 

Filer: Khaled Shami/Susanh Perez 

Attorney Docket Number: 0016.001000H 

Filed as Large Entity 

Filing Fees for Utility under 35 USC 111(a) 
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Sub-Total in 
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Basic Filing: 

Pages: 

Claims: 
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Petition: 
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UTILITY APPL ISSUE FEE 1501 1 1200 1200 

Samsung Electronics Co., Ltd.
Ex. 1002, p. 444



Description Fee Code Quantity Amount 
Sub-Total in 

USD($) 

Extension-of-Time: 
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Electronic Acknowledgement Receipt 

EFS ID: 42534404 

Application Number: 17138766 

International Application Number: 

Confirmation Number: 8804 

Title of Invention: FLASH-DRAM HYBRID MEMORY MODULE 

First Named Inventor/Applicant Name: Chi-She Chen 

Customer Number: 151145 

Filer: Khaled Shami/Susanh Perez 

Filer Authorized By: Khaled Shami 

Attorney Docket Number: 0016.001000H 

Receipt Date: 23-APR-2021 

Filing Date: 30-DEC-2020 

Time Stamp: 11:48:37 

Application Type: Utility under 35 USC 111(a) 

Payment information: 

Submitted with Payment yes 

Payment Type CARD 

Payment was successfully received in RAM $1200 

RAM confirmation Number E20214MB51461131 

Deposit Account 602034 

Authorized User Susanh Perez 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 

37 CFR 1.16 (National application filing, search, and examination fees) 

37 CFR 1.17 (Patent application and reexamination processing fees) 
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37 CFR 1.19 (Document supply fees) 

37 CFR 1.20 (Post Issuance fees) 

37 CFR 1.21 (Miscellaneous fees and charges) 

File Listing: 

Document 
Number 

Document Description File Name 
File Size(Bytes)/ 
Message Digest 

Multi 
Part /.zip 

Pages 
(if appl.) 

1 Issue Fee Payment (PTO-85B) IF 0016001000H.pdf 

175227 

no 1 
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eaa 

Warnings: 

Information: 

2 Fee Worksheet (SB06) fee-info.pdf 

30113 

no 2 
e7B9ebeb81aane89d982b4e81313a05be 

5de71 

Warnings: 

Information: 

Total Files Size (in bytes): 205340 

This Acknowledgement Receipt evidences receipt 
characterized by the applicant, and including page 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 

on the noted date by the USPTO 
counts, where applicable. 

includes the necessary components 
1.54) will be issued in due 
date of the application. 

35 U.S.C. 371 

of the indicated documents, 
It serves as evidence of receipt similar to a 

for a filing date (see 37 CFR 
course and the date shown on this 

is compliant with the conditions of 35 
acceptance of the application as a 

Filing Receipt, in due course. 

includes the necessary components for 
of the International Application Number 

subject to prescriptions concerning 
establish the international filing date of 

If a new application is being filed and the application 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 
Acknowledgement Receipt will establish the filing 
National Stage of an International Application under 
If a timely submission to enter the national stage of an international application 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating 
national stage submission under 35 U.S.C. 371 will be issued in addition to the 
New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application 
an international filing date (see PCT Article 11 and MPEP 1810), a Notification 
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, 
national security, and the date shown on this Acknowledgement Receipt will 
the application. 
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Classification 
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Application/Control No. 

17/138,766 

Applicant(s)/Patent Under Reexamination 

Lee et al. 

Examiner 

HASHEM FARROKH 

Art Unit

2135 

(1) Claims renumbered in the same order as presented by applicant 11 CPA [j] T.D. [1] R.1.47 
CLAIMS 

Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original 

1 1 9 10 19 19 26 28 
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4 4 11 13 22 22 
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to document, 
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(Assistant Examiner) (Date) 

Total Claims Allowed: 

30 

/HASHEM FARROKH/ 
Primary Examiner, Art Unit 2135 

(Primary Examiner) 

18 March 2021 

(Date) 

O.G. Print Claim(s) 

1 

O.G. Print Figure 

12 

U.S. Patent and Trademark Office Part of Paper No.: 20210317 

Page 3 of 3 

Samsung Electronics Co., Ltd.
Ex. 1002, p. 448



UNITED STATES PATENT AND TRADEMARK OFFICE 

m. 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

PO. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

17/138,766 

151145 
Shami Messinger PLLC 
1000 Wisconsin Ave. NW 
Suite 200 
Washington, DC 20007 

12/30/2020 

Title:FLASH-DRAM HYBRID MEMORY MODULE 

Publication No.US-2021-0124701-A1 
Publication Date:04/29/2021 

Chi-She Chen 0016.001000H 
CONFIRMATION NO. 8804 

PUBLICATION NOTICE 
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NOTICE OF PUBLICATION OF APPLICATION 

The above-identified application will be electronically published as a patent application publication pursuant to 37 
CFR 1.211, et seq. The patent application publication number and publication date are set forth above. 

The publication may be accessed through the USPTO's publically available Searchable Databases via the 
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/. 

The publication process established by the Office does not provide for mailing a copy of the publication to 
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set 
forth in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's 
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800) 
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office, 
Public Records Division, Alexandria, VA 22313-1450 or via the Internet. 

In addition, information on the status of the application, including the mailing date of Office actions and 
the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through 
the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application 
Information and Retrieval (PAIR) system. The direct link to access this status information is currently 
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only 
be obtained by applicant using the private side of PAIR. 

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent 
Electronic Business Center at 1-866-217-9197. 

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 
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APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO. 

17/138,766 

151145 7590 

Shami Messinger PLLC 
1000 Wisconsin Ave. NW 
Suite 200 
Washington, DC 20007 

05/25/2021 

05/05/2021 

11016918 

ISSUE NOTIFICATION 

0016.001000H 

The projected patent number and issue date are specified above. 

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b) 
(application filed on or after May 29, 2000) 

8804 

The Patent Term Adjustment is 0 day(s). Any patent to issue from the above-identified application will include 
an indication of the adjustment on the front page. 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information 
Retrieval (PAIR) WEB site (http://pair.uspto.gov). 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office 
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments 
should be directed to the Application Assistance Unit (AAU) of the Office of Data Management (ODM) at 
(571)-272-4200. 

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants): 

Chi-She Chen, Walnut, CA; 
Netlist, Inc., Irvine, CA; 
Jeffrey C. Solomon, Irvine, CA; 
Scott H. Milton, Irvine, CA; 
Jayesh Bhakta, Cerritos, CA; 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location 
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous 
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation 
works to encourage and facilitate business investment. To learn more about why the USA is the best country in 
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.
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