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Intel's Embedded DRAM: New Era of Cache Memory

By Arabinda Das 08.07.2014 [J0

Two industry giants — Intel and Samsung — expressed their frustration with SRAM scaling at this year’s
International Solid-State Circuits Conference (ISSCC) in February.

In the paper Song et. al. from Samsung[1] argued that SRAM not only occupied too much real estate, but the
operating voltage did not scale in the same proportion as the logic devices on the same die. Cache size in
megabytes was also increasing on the die; so there were more devices on the die that required higher
voltages than the main logic part. Hamzaoglu in a paper from Intel[2], revealed that SRAM scaling was not
satisfying their requirements and that the majority of the die area was taken by SRAM cell area. The question
arose; was it worth continuing to invest in SRAM, especially in 22nm nodes and below, where manufacturing
costs were astronomical and could only continue to increase for future technology nodes?

Using fabrication cost and performance data, Intel concluded that an alternative configuration was needed,
and therefore opted for an external high-density bandwidth cache memory in the same package. An external
memory was easier to fabricate than an embedded SRAM, in an advanced technology process where real-
estate was becoming scarce on the die. The DRAM cell was also much smaller than the six transistor SRAM
cell layout made at the same lithography node. Moreover, having a separate DRAM die in the same package
as the processor reduced chip interface delay, compared with external DRAM in a different package. The
eDRAM also required 1/5 of the keep-alive power compared with an SRAM device. This analysis led Intel to
release their Haswell processor with an external eDRAM.
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The Intel Haswell GT3e G82494 processor came out in the market in October 2013 and was analyzed in our
laboratories as part of our Techlnsights Award program[3]. Our analysis of the GT3e revealed the general
philosophy behind this innovative product — to solve for frustrations experienced with SRAM scaling.
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Package

Figure 1, is the package cross-section which shows the processor and the embedded DRAM side by side.
The Intel CT3e graphics and GT3e graphics processing unit (GPU) were packaged in a multichip (MCP)
process. There were two dice placed side by side and flip-chip bumped to a FR4 type package substrate. One
was the eDRAM and the other was the Haswell processor. The eDRAM die area was one third the size of the
processor die area. Both dice were flip chip bumped to the package substrate. The die and the package
substrate were connected together by Cu-pillars. The same packaging process was used by Intel 32nm and
22nm logic processes.
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[1] “A 14 nm FinFET 128Mb 6T SRAM with Vmin- enhancement Techniques for low-power applications, 2014
IEEE Solid State Circuit Conference, T. Song et al”,

[2] “A 1Gb 2Ghz Embedded Dram using a 22 nm tri-gate CMOS logic Technology, F. Hamzaoglu et al, ISSCC
2014

[3] The Insight Awards, presented by Techlnsights, showcase advancements in engineering innovations in the
electronics and semiconductor technology. The 2014 winner for Logic is the Intel Haswell GT3e G82494

Suggested Reading
¢ Intel Years From Success in Foundry Business, Analysts Say - EE Times
¢ Intel 18A Advanced Packaging is Key to Tech Leadership - EE Times

e SK Hynix Speeds HBM Roadmap as Al Demand Soars - EE Times
e Silicon 100: Startups Worth Watching in 2024

Subscribe Today!

Get the latest electronics industry news delivered right to your inbox.
Sign up for our free eNewsletters.

3/4 Network System Technologies Ex. 2077
Qualcomm v. Network System Technologies - IPR 2024-00343



Subscribe

RELATED TOPICS: DIGITAL, MEMORY/STORAGE, SOLID STATE

Next Page

Arabinda Das

Arabinda Das is a Senior Technology Analyst responsible for technical and industry
analysis of semiconductor-related products at Techinsights.

-
150 WA S-Fhase E-IC PQ‘W'E" ‘lanc aell-he Mo m e achor-Ciorrs nndinfrnancs-Deeion 150 k\.l’.lﬂl. S'Fhase
Stack Reference Design Stack Reference

. ; : Cesigned far 30 kW applicstions, e :
Designers of electric vehicles, Vierina 3 Phse PFC Referents Design Designers of elex
cammercial transportation, is a parfact starting point for Hybrid commercial trans
renewablefstored energy Electric Wehick/Electric Yehicle renewable/stare:
(HEWEW) -::hargl:!'s: ard high frryer

switch moce power supply applications.

Learn More Learn More Learn

RELATED ARTICLES

< NVMe-oF Is Ready to Go the Distance Western Digital set to raise flash game with HDD
> business spinoff
eetimes.eu edn.com
4/4 Network System Technologies Ex. 2077

Qualcomm v. Network System Technologies - IPR 2024-00343


https://www.eetimes.com/tag/digital/
https://www.eetimes.com/tag/memory-storage/
https://www.eetimes.com/tag/solid-state/
https://www.eetimes.com/intels-embedded-dram-new-era-of-cache-memory/2/
https://www.eetimes.com/author/arabinda-das/
https://www.eetimes.eu/nvme-of-is-ready-to-go-the-distance/?utm_source=eetimes&utm_medium=relatedcontent
https://www.edn.com/western-digital-set-to-raise-flash-game-with-hdd-business-spinoff/?utm_source=eetimes&utm_medium=relatedcontent
https://www.edn.com/western-digital-set-to-raise-flash-game-with-hdd-business-spinoff/?utm_source=eetimes&utm_medium=relatedcontent



