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Introductions – Ground Rules

Participation:

• All lines will be muted except the speaker

• Please submit questions using the “Chat” field in the tool box

• Questions will be captured for further response following the meeting

• Select questions may be addressed during the call depending on time available 

• HMCC Administration is available via chat and will respond as they are able



©2015 Hybrid Memory Cube Consortium 3HMCC

Introductions

Hybrid Memory Cube Officers:

• Chair: Mike Black, Micron Technology, Inc.

• Protocol Work Committee Chair: Jay Walstrum, Micron Technology, Inc.

• VSR Phy Work Committee Chair: Mike Li, Altera Corporation

• Secretary & Administration: Casey Kanen, VTM Group

Draft Specification Review Work Committee:

• Chair: Mike Black, Micron Technology, Inc.

• Secretary: Casey Kanen, VTM Group

• Protocol Speaker: Jay Walstrum, Micron Technology, Inc.

• Phy Speaker: Mike Li, Altera Corporation
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HMCC Mission

Log into hybridmemorycube.org to become an 

Adopter and get into the game!

HMCC Mission
To promote widespread adoption and acceptance of an industry 

standard serial interface and protocol for the 
Hybrid Memory Cube
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Causeway Tutorial: Log-In

Visit: hybridmemorycube.org

Click on “Login” in the upper right

Enter credentials from HMCC Admin
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Causeway Tutorial: Committee Access

In the left select “Draft Specification Review Work Committee” OR

Click the Drop Down next to Members Area to Select the Committee

Note:  If you do not see these options contact admin@hybridmemorycube.org
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Causeway Tutorial: Modules

• News – Post articles to share

• Documents – Post markup or draft documents with version and check out controls 

• Discussions – Archive and Online portal to Email the entire workgroup

• Calendar – Track upcoming meetings or event participation

• Details – Contact other engaged Adopters directly
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HMCC Specifications

Analytics:

• Spec 2.0 was release mid-November, 2014

• Since then, the specification has been downloaded over 1,600 times

• Download version 2.0 today!

• Visit http://www.hybridmemorycube.org/specification-v2-download-form/

• Fill in your Name, Email, and Company Information to receive your copy

Spec 2.1

• Currently being revised now and will be available to the general public online once 

it has undergone its draft review by HMCC Adopters.

• Want to be first to personally review the draft? Become an HMCC Adopter today!

http://www.hybridmemorycube.org/specification-v2-download-form/
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Questions?
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Draft Specification Review: 
Protocol Committee

Jay Walstrum, Micron Technologies, Inc.
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Agenda on Protocol 
• Overview

• Architecture

• Power State Management

• Protocol Packet Format

• Memory Addressing

• Error Management and Health Monitor

• Package Options

• What’s next!
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• Focus of Review today

• Key differences with 1.1

• FAQ’s received

• HMCC Spec

• Device Operation Guidelines

• Vendor Implementation allows for 
flexibility

HMCC 2.0 Specification
Double the bandwidth, Double the density



HMC Architecture

Vaults are managed to 
maximize overall device 
availability -

 Optimized management of 
energy and refresh

 Self test, error detection, 
correction, and repair in the 
logic base layer 

3DI & TSV 
Technology

DRAM0
DRAM1
DRAM2
DRAM3
DRAM4
DRAM5
DRAM6
DRAM7

Logic Chip

Logic Base

 Multiple high-speed local 
buses for data movement

 Advanced memory controller 
functions

 DRAM control at the memory 
rather than at distant host 
controller

 Reduced memory controller 
complexity 
and increased efficiency

Vault Control Vault Control Vault Control

Memory Control

Crossbar Switch

Link Interface 
Controller

Link Interface 
Controller

Processor
Links
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HMCC 2.0 Spec Configuration Options
HMC Configuration Options

Description
HMCC 2.0 Spec 

Configuration Options
HMCC 1.1 Spec 

Comparison

Max Line Rate/Phy Technology
30Gb/s  VSR 

(Very Short Reach)
15Gb/s  SR 

(Short Reach)

Number of links in package 2, 4 2, 4, 

Link Lane Speed (Gbps) 12.5, 15, 25, 28, 30 10, 12.5, 15

Link Width Full, Half, Quarter Full, Half

Memory Density 4GB, 8GB 2GB, 4GB

Number of Vaults 32 16

Memory Banks
4GB: 256 banks;
8GB: 512 banks

2GB: 128 banks
4GB: 256 banks

Max Aggregate link bandwidth 480GB/s (3.84Tb/s) 240GB/s (1.92Tb/s)

Max DRAM Data  bandwidth 320GB/s (2.56Tb/s) 160GB/s (1.28Tb/s)

Max Vault data Bandwidth 10GB/s (80Gb/s) 10GB/s (80Gb/s)
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• Side band: I2C, JTAG 

• New SPI

• New REFCLK

• Voltage Supplies

New Pins Descriptions

REFCLK = 312.5Mhz
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• New Power state mode to: 
• Fix link BER issues 

• Change link width, or line rate

“Link Retraining” mode

new
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1.1 to 2.0 spec Difference summary
Protocol Changes from 1.1 to 2.0 specification

Protocol Description HMCC 2.0 Spec HMCC 1.1 Spec 

Duplicate Length (DLN) - 4

Request Command (CMD) 128 possible Requests (7 bits) 64 possible requests (6 bits)

Request Tags (TAG) 2048 tags (11 bits) 512 Tags (9 bits)

Return Token Count (RTC) Encoded 3 bits 5 bits – 32 absolute values

Forward Retry Pointer(FRP) 
Return Retry Pointer(RRP)

512 Retry Buffer size (9 bits) 256 Retry Buffer Size (8 bits)

Atomic Return Flag 1 bit returned -

Data Packet Payload 1.1 spec plus Added 256B
16B Increments from 

16B to 128B

Other Changes from 1.1 to 2.0 specification
Protocol Description HMCC 2.0 Spec HMCC 1.1 Spec 

Scrambler PRBS31 (and PRBS15) PRBS15

Run Length Limit 100 UI 85 UI

Training Sequence (TS1)
TS1 char every, every other, 

every 4th sequence
TS1 char every sequence

Address Map mode Added 256 Max Byte Block size 32, 64, 128 Max Byte Block Size

Atomics 25 6
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• Read-Modify-Write 
• No return data

• No return flags

• Read-Modify-Write with Return 
• Return Original content

• Return Flags

Atomics
Boolean – Arithmetic – Comparisons – Bit  operations

•Go to request address

•Read data value at the addressRead

•Execute action specified by requestModify

•Write resulting value into DRAMWrite

• Go to request address

• Read data value at the addressRead

• Execute action specified by requestModify

• Write resulting value back into that 
locationWrite

• Return Original DRAM Data to hostReturn
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Atomic List
Arithmetic BitWise Boolean Comparison

Dual 8-byte signed Add 

immediate*

16-byte Swap

(Exchange)

16-byte AND 

(Read & Clear, Bitwise 

clear)

8-byte 

Compare & Swap if Equal

Dual 8-byte signed Add 

immediate with return
8-byte bit write* 16-byte NAND

16-byte 
Compare & Swap if  Zero

Single 16-byte signed Add 

immediate*

8-byte bit write with 

return
16-byte NOR

Compare & Swap if Less 

Than 

(8-byte; 16-byte)

Single 16-byte signed Add 

immediate with return
-

16-byte OR 

(Bitwise set)

Compare & Swap if 

Greater Than

(8-byte; 16-byte)

8-byte Increment -
16-byte XOR 

(Bitwise toggle)

Compare if Equal

(8-byte; 16-byte)
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• Intended to 
• Keep address bits in same location 

in request header 

• Keep default address map similar 

Address Map

32-Byte Max Block 

Size

64-Byte Max Block 

Size

128-Byte Max Block 

Size

32-Byte Max Block 

Size

64-Byte Max Block 

Size

128-Byte Max Block 

Size

32-Byte Max Block 

Size

64-Byte Max Block 

Size

128-Byte Max Block 

Size

32
DRAM[19] DRAM[19] DRAM[19]

31 DRAM[19] DRAM[19] DRAM[19] DRAM[19] DRAM[19] DRAM[19] DRAM[18] DRAM[18] DRAM[18]

30 DRAM[18] DRAM[18] DRAM[18] DRAM[18] DRAM[18] DRAM[18] DRAM[17] DRAM[17] DRAM[17]

29 DRAM[17] DRAM[17] DRAM[17] DRAM[17] DRAM[17] DRAM[17] DRAM[16] DRAM[16] DRAM[16]

28 DRAM[16] DRAM[16] DRAM[16] DRAM[16] DRAM[16] DRAM[16] DRAM[15] DRAM[15] DRAM[15]

27 DRAM[15] DRAM[15] DRAM[15] DRAM[15] DRAM[15] DRAM[15] DRAM[14] DRAM[14] DRAM[14]

26 DRAM[14] DRAM[14] DRAM[14] DRAM[14] DRAM[14] DRAM[14] DRAM[13] DRAM[13] DRAM[13]

25 DRAM[13] DRAM[13] DRAM[13] DRAM[13] DRAM[13] DRAM[13] DRAM[12] DRAM[12] DRAM[12]

24 DRAM[12] DRAM[12] DRAM[12] DRAM[12] DRAM[12] DRAM[12] DRAM[11] DRAM[11] DRAM[11]

23 DRAM[11] DRAM[11] DRAM[11] DRAM[11] DRAM[11] DRAM[11] DRAM[10] DRAM[10] DRAM[10]

22 DRAM[10] DRAM[10] DRAM[10] DRAM[10] DRAM[10] DRAM[10] DRAM[9] DRAM[9] DRAM[9]

21 DRAM[9] DRAM[9] DRAM[9] DRAM[9] DRAM[9] DRAM[9] DRAM[8] DRAM[8] DRAM[8]

20 DRAM[8] DRAM[8] DRAM[8] DRAM[8] DRAM[8] DRAM[8] DRAM[7] DRAM[7] DRAM[7]

19 DRAM[7] DRAM[7] DRAM[7] DRAM[7] DRAM[7] DRAM[7] DRAM[6] DRAM[6] DRAM[6]

18 DRAM[6] DRAM[6] DRAM[6] DRAM[6] DRAM[6] DRAM[6] DRAM[5] DRAM[5] DRAM[5]

17 DRAM[5] DRAM[5] DRAM[5] DRAM[5] DRAM[5] DRAM[5] DRAM[4] DRAM[4] DRAM[4]

16 DRAM[4] DRAM[4] DRAM[4] DRAM[4] DRAM[4] DRAM[4] DRAM[3] DRAM[3] DRAM[3]

15 DRAM[3] DRAM[3] DRAM[3] DRAM[3] DRAM[3] DRAM[3] DRAM[2] DRAM[2] Bank[3]

14 DRAM[2] DRAM[2] Bank[3] DRAM[2] DRAM[2] Bank[2] DRAM[1] Bank[3] Bank[2]

13 DRAM[1] Bank[3] Bank[2] DRAM[1] Bank[2] Bank[1] Bank[3] Bank[2] Bank[1]

12 Bank[3] Bank[2] Bank[1] Bank[2] Bank[1] Bank[0] Bank[2] Bank[1] Bank[0]

11 Bank[2] Bank[1] Bank[0] Bank[1] Bank[0] Vault[4] Bank[1] Bank[0] Vault[4]

10 Bank[1] Bank[0] Vault[3] Bank[0] Vault[4] Vault[3] Bank[0] Vault[4] Vault[3]

9 Bank[0] Vault[3] Vault[2] Vault[4] Vault[3] Vault[2] Vault[4] Vault[3] Vault[2]

8 Vault[3] Vault[2] Vault[1] Vault[3] Vault[2] Vault[1] Vault[3] Vault[2] Vault[1]

7 Vault[2] Vault[1] Vault[0] Vault[2] Vault[1] Vault[0] Vault[2] Vault[1] Vault[0]

6 Vault[1] Vault[0] Byte[6]=DRMA[2] Vault[1] Vault[0] Byte[6]=DRMA[2] Vault[1] Vault[0] Byte[6]=DRMA[2]

5 Vault[0] Byte[5]=DRMA[1] Byte[5]=DRMA[1] Vault[0] Byte[5]=DRMA[1] Byte[5]=DRMA[1] Vault[0] Byte[5]=DRMA[1] Byte[5]=DRMA[1]

4 Byte[4]=DRMA[0] Byte[4]=DRMA[0] Byte[4]=DRMA[0] Byte[4]=DRMA[0] Byte[4]=DRMA[0] Byte[4]=DRMA[0] Byte[4]=DRMA[0] Byte[4]=DRMA[0] Byte[4]=DRMA[0]

3 Byte[3] = ignored Byte[3] = ignored Byte[3] = ignored Byte[3] = ignored Byte[3] = ignored Byte[3] = ignored Byte[3] = ignored Byte[3] = ignored Byte[3] = ignored

2 Byte[2] = ignored Byte[2] = ignored Byte[2] = ignored Byte[2] = ignored Byte[2] = ignored Byte[2] = ignored Byte[2] = ignored Byte[2] = ignored Byte[2] = ignored

1 Byte[1] = ignored Byte[1] = ignored Byte[1] = ignored Byte[1] = ignored Byte[1] = ignored Byte[1] = ignored Byte[1] = ignored Byte[1] = ignored Byte[1] = ignored

0 Byte[0] = ignored Byte[0] = ignored Byte[0] = ignored Byte[0] = ignored Byte[0] = ignored Byte[0] = ignored Byte[0] = ignored Byte[0] = ignored Byte[0] = ignored

4GB 8GB4GBRequest 

Address 

Bits

HMC-15G-SR REV1.0 Protocol HMC-30G-VSR Rev1.0 or REV 2.0 Protocol HMC-30G-VSR Rev1.0 or REV 2.0 Protocol

Current 4GB 
memory map

Protocol 
Revision 1.1

4 bank bits

4 vault bits

Revision 1.1
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Request 

Address 

Bits

32-Byte Max Block 

Size

64-Byte Max 

Block Size

128-Byte Max 

Block Size

32-Byte Max 

Block Size

64-Byte Max 

Block Size

128-Byte Max 

Block Size

256-Byte Max 

Block Size

32-Byte Max 

Block Size

64-Byte Max 

Block Size

128-Byte Max 

Block Size

256-Byte Max 

Block Size

32 Ignored Ignored Ignored Ignored Ignored Ignored Ignored DRAM[19] DRAM[19] DRAM[19] DRAM[19]

31 DRAM[19] DRAM[19] DRAM[19] DRAM[19] DRAM[19] DRAM[19] DRAM[19] DRAM[18] DRAM[18] DRAM[18] DRAM[18]

30 DRAM[18] DRAM[18] DRAM[18] DRAM[18] DRAM[18] DRAM[18] DRAM[18] DRAM[17] DRAM[17] DRAM[17] DRAM[17]

29 DRAM[17] DRAM[17] DRAM[17] DRAM[17] DRAM[17] DRAM[17] DRAM[17] DRAM[16] DRAM[16] DRAM[16] DRAM[16]

28 DRAM[16] DRAM[16] DRAM[16] DRAM[16] DRAM[16] DRAM[16] DRAM[16] DRAM[15] DRAM[15] DRAM[15] DRAM[15]

27 DRAM[15] DRAM[15] DRAM[15] DRAM[15] DRAM[15] DRAM[15] DRAM[15] DRAM[14] DRAM[14] DRAM[14] DRAM[14]

26 DRAM[14] DRAM[14] DRAM[14] DRAM[14] DRAM[14] DRAM[14] DRAM[14] DRAM[13] DRAM[13] DRAM[13] DRAM[13]

25 DRAM[13] DRAM[13] DRAM[13] DRAM[13] DRAM[13] DRAM[13] DRAM[13] DRAM[12] DRAM[12] DRAM[12] DRAM[12]

24 DRAM[12] DRAM[12] DRAM[12] DRAM[12] DRAM[12] DRAM[12] DRAM[12] DRAM[11] DRAM[11] DRAM[11] DRAM[11]

23 DRAM[11] DRAM[11] DRAM[11] DRAM[11] DRAM[11] DRAM[11] DRAM[11] DRAM[10] DRAM[10] DRAM[10] DRAM[10]

22 DRAM[10] DRAM[10] DRAM[10] DRAM[10] DRAM[10] DRAM[10] DRAM[10] DRAM[9] DRAM[9] DRAM[9] DRAM[9]

21 DRAM[9] DRAM[9] DRAM[9] DRAM[9] DRAM[9] DRAM[9] DRAM[9] DRAM[8] DRAM[8] DRAM[8] DRAM[8]

20 DRAM[8] DRAM[8] DRAM[8] DRAM[8] DRAM[8] DRAM[8] DRAM[8] DRAM[7] DRAM[7] DRAM[7] DRAM[7]

19 DRAM[7] DRAM[7] DRAM[7] DRAM[7] DRAM[7] DRAM[7] DRAM[7] DRAM[6] DRAM[6] DRAM[6] DRAM[6]

18 DRAM[6] DRAM[6] DRAM[6] DRAM[6] DRAM[6] DRAM[6] DRAM[6] DRAM[5] DRAM[5] DRAM[5] DRAM[5]

17 DRAM[5] DRAM[5] DRAM[5] DRAM[5] DRAM[5] DRAM[5] DRAM[5] DRAM[4] DRAM[4] DRAM[4] DRAM[4]

16 DRAM[4] DRAM[4] DRAM[4] DRAM[4] DRAM[4] DRAM[4] DRAM[4] DRAM[3] DRAM[3] DRAM[3] Bank[3]

15 DRAM[3] DRAM[3] DRAM[3] DRAM[3] DRAM[3] DRAM[3] Bank[2] DRAM[2] DRAM[2] Bank[3] Bank[2]

14 DRAM[2] DRAM[2] Bank[3] DRAM[2] DRAM[2] Bank[2] Bank[1] DRAM[1] Bank[3] Bank[2] Bank[1]

13 DRAM[1] Bank[3] Bank[2] DRAM[1] Bank[2] Bank[1] Bank[0] Bank[3] Bank[2] Bank[1] Bank[0]

12 Bank[3] Bank[2] Bank[1] Bank[2] Bank[1] Bank[0] Vault[4] Bank[2] Bank[1] Bank[0] Vault[4]

11 Bank[2] Bank[1] Bank[0] Bank[1] Bank[0] Vault[4] Vault[3] Bank[1] Bank[0] Vault[4] Vault[3]

10 Bank[1] Bank[0] Vault[3] Bank[0] Vault[4] Vault[3] Vault[2] Bank[0] Vault[4] Vault[3] Vault[2]

9 Bank[0] Vault[3] Vault[2] Vault[4] Vault[3] Vault[2] Vault[1] Vault[4] Vault[3] Vault[2] Vault[1]

8 Vault[3] Vault[2] Vault[1] Vault[3] Vault[2] Vault[1] Vault[0] Vault[3] Vault[2] Vault[1] Vault[0]

7 Vault[2] Vault[1] Vault[0] Vault[2] Vault[1] Vault[0] Byte[7]=DRAM[3] Vault[2] Vault[1] Vault[0] Byte[7]=DRAM[3]

6 Vault[1] Vault[0] Byte[6]=DRAM[2] Vault[1] Vault[0] Byte[6]=DRAM[2] Byte[6]=DRAM[2] Vault[1] Vault[0] Byte[6]=DRAM[2] Byte[6]=DRAM[2]

5 Vault[0] Byte[5]=DRAM[1] Byte[5]=DRAM[1] Vault[0] Byte[5]=DRAM[1] Byte[5]=DRAM[1] Byte[5]=DRAM[1] Vault[0] Byte[5]=DRAM[1] Byte[5]=DRAM[1] Byte[5]=DRAM[1]

4 Byte[4]=DRAM[0] Byte[4]=DRAM[0] Byte[4]=DRAM[0] Byte[4]=DRAM[0] Byte[4]=DRAM[0] Byte[4]=DRAM[0] Byte[4]=DRAM[0] Byte[4]=DRAM[0] Byte[4]=DRAM[0] Byte[4]=DRAM[0] Byte[4]=DRAM[0]

3 Byte[3] = ignored Byte[3] = ignored Byte[3] = ignored Byte[3] = ignored Byte[3] = ignored Byte[3] = ignored Byte[3] = ignored Byte[3] = ignored Byte[3] = ignored Byte[3] = ignored Byte[3] = ignored

2 Byte[2] = ignored Byte[2] = ignored Byte[2] = ignored Byte[2] = ignored Byte[2] = ignored Byte[2] = ignored Byte[2] = ignored Byte[2] = ignored Byte[2] = ignored Byte[2] = ignored Byte[2] = ignored

1 Byte[1] = ignored Byte[1] = ignored Byte[1] = ignored Byte[1] = ignored Byte[1] = ignored Byte[1] = ignored Byte[1] = ignored Byte[1] = ignored Byte[1] = ignored Byte[1] = ignored Byte[1] = ignored

0 Byte[0] = ignored Byte[0] = ignored Byte[0] = ignored Byte[0] = ignored Byte[0] = ignored Byte[0] = ignored Byte[0] = ignored Byte[0] = ignored Byte[0] = ignored Byte[0] = ignored Byte[0] = ignored

4GB 8GB4GB

Address Map

Current 4GB 
memory map

Protocol 
Revision 1.1

New 4GB 
memory map

Protocol 
Revision 2.0

4 bank bits

4 vault bits

3 bank bits

5 vault bits

Revision 1.1 Revision 2.0
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Address Map

Proposed
Default Address 

map
Protocol 

Revision 2.0
4GB & 8GB

Revision 2.0
Request 

Address 

Bits

32-Byte Max Block 

Size

64-Byte Max 

Block Size

128-Byte Max 

Block Size

32-Byte Max 

Block Size

64-Byte Max 

Block Size

128-Byte Max 

Block Size

256-Byte Max 

Block Size

32-Byte Max 

Block Size

64-Byte Max 

Block Size

128-Byte Max 

Block Size

256-Byte Max 

Block Size

32 Ignored Ignored Ignored Ignored Ignored Ignored Ignored DRAM[19] DRAM[19] DRAM[19] DRAM[19]

31 DRAM[19] DRAM[19] DRAM[19] DRAM[19] DRAM[19] DRAM[19] DRAM[19] DRAM[18] DRAM[18] DRAM[18] DRAM[18]

30 DRAM[18] DRAM[18] DRAM[18] DRAM[18] DRAM[18] DRAM[18] DRAM[18] DRAM[17] DRAM[17] DRAM[17] DRAM[17]

29 DRAM[17] DRAM[17] DRAM[17] DRAM[17] DRAM[17] DRAM[17] DRAM[17] DRAM[16] DRAM[16] DRAM[16] DRAM[16]

28 DRAM[16] DRAM[16] DRAM[16] DRAM[16] DRAM[16] DRAM[16] DRAM[16] DRAM[15] DRAM[15] DRAM[15] DRAM[15]

27 DRAM[15] DRAM[15] DRAM[15] DRAM[15] DRAM[15] DRAM[15] DRAM[15] DRAM[14] DRAM[14] DRAM[14] DRAM[14]

26 DRAM[14] DRAM[14] DRAM[14] DRAM[14] DRAM[14] DRAM[14] DRAM[14] DRAM[13] DRAM[13] DRAM[13] DRAM[13]

25 DRAM[13] DRAM[13] DRAM[13] DRAM[13] DRAM[13] DRAM[13] DRAM[13] DRAM[12] DRAM[12] DRAM[12] DRAM[12]

24 DRAM[12] DRAM[12] DRAM[12] DRAM[12] DRAM[12] DRAM[12] DRAM[12] DRAM[11] DRAM[11] DRAM[11] DRAM[11]

23 DRAM[11] DRAM[11] DRAM[11] DRAM[11] DRAM[11] DRAM[11] DRAM[11] DRAM[10] DRAM[10] DRAM[10] DRAM[10]

22 DRAM[10] DRAM[10] DRAM[10] DRAM[10] DRAM[10] DRAM[10] DRAM[10] DRAM[9] DRAM[9] DRAM[9] DRAM[9]

21 DRAM[9] DRAM[9] DRAM[9] DRAM[9] DRAM[9] DRAM[9] DRAM[9] DRAM[8] DRAM[8] DRAM[8] DRAM[8]

20 DRAM[8] DRAM[8] DRAM[8] DRAM[8] DRAM[8] DRAM[8] DRAM[8] DRAM[7] DRAM[7] DRAM[7] DRAM[7]

19 DRAM[7] DRAM[7] DRAM[7] DRAM[7] DRAM[7] DRAM[7] DRAM[7] DRAM[6] DRAM[6] DRAM[6] DRAM[6]

18 DRAM[6] DRAM[6] DRAM[6] DRAM[6] DRAM[6] DRAM[6] DRAM[6] DRAM[5] DRAM[5] DRAM[5] DRAM[5]

17 DRAM[5] DRAM[5] DRAM[5] DRAM[5] DRAM[5] DRAM[5] DRAM[5] DRAM[4] DRAM[4] DRAM[4] DRAM[4]

16 DRAM[4] DRAM[4] DRAM[4] DRAM[4] DRAM[4] DRAM[4] DRAM[4] DRAM[3] DRAM[3] DRAM[3] Bank[3]

15 DRAM[3] DRAM[3] DRAM[3] DRAM[3] DRAM[3] DRAM[3] Bank[2] DRAM[2] DRAM[2] Bank[3] Bank[2]

14 DRAM[2] DRAM[2] Bank[3] DRAM[2] DRAM[2] Bank[2] Bank[1] DRAM[1] Bank[3] Bank[2] Bank[1]

13 DRAM[1] Bank[3] Bank[2] DRAM[1] Bank[2] Bank[1] Bank[0] Bank[3] Bank[2] Bank[1] Bank[0]

12 Bank[3] Bank[2] Bank[1] Bank[2] Bank[1] Bank[0] Vault[4] Bank[2] Bank[1] Bank[0] Vault[4]

11 Bank[2] Bank[1] Bank[0] Bank[1] Bank[0] Vault[4] Vault[3] Bank[1] Bank[0] Vault[4] Vault[3]

10 Bank[1] Bank[0] Vault[3] Bank[0] Vault[4] Vault[3] Vault[2] Bank[0] Vault[4] Vault[3] Vault[2]

9 Bank[0] Vault[3] Vault[2] Vault[4] Vault[3] Vault[2] Vault[1] Vault[4] Vault[3] Vault[2] Vault[1]

8 Vault[3] Vault[2] Vault[1] Vault[3] Vault[2] Vault[1] Vault[0] Vault[3] Vault[2] Vault[1] Vault[0]

7 Vault[2] Vault[1] Vault[0] Vault[2] Vault[1] Vault[0] Byte[7]=DRAM[3] Vault[2] Vault[1] Vault[0] Byte[7]=DRAM[3]

6 Vault[1] Vault[0] Byte[6]=DRAM[2] Vault[1] Vault[0] Byte[6]=DRAM[2] Byte[6]=DRAM[2] Vault[1] Vault[0] Byte[6]=DRAM[2] Byte[6]=DRAM[2]

5 Vault[0] Byte[5]=DRAM[1] Byte[5]=DRAM[1] Vault[0] Byte[5]=DRAM[1] Byte[5]=DRAM[1] Byte[5]=DRAM[1] Vault[0] Byte[5]=DRAM[1] Byte[5]=DRAM[1] Byte[5]=DRAM[1]

4 Byte[4]=DRAM[0] Byte[4]=DRAM[0] Byte[4]=DRAM[0] Byte[4]=DRAM[0] Byte[4]=DRAM[0] Byte[4]=DRAM[0] Byte[4]=DRAM[0] Byte[4]=DRAM[0] Byte[4]=DRAM[0] Byte[4]=DRAM[0] Byte[4]=DRAM[0]

3 Byte[3] = ignored Byte[3] = ignored Byte[3] = ignored Byte[3] = ignored Byte[3] = ignored Byte[3] = ignored Byte[3] = ignored Byte[3] = ignored Byte[3] = ignored Byte[3] = ignored Byte[3] = ignored

2 Byte[2] = ignored Byte[2] = ignored Byte[2] = ignored Byte[2] = ignored Byte[2] = ignored Byte[2] = ignored Byte[2] = ignored Byte[2] = ignored Byte[2] = ignored Byte[2] = ignored Byte[2] = ignored

1 Byte[1] = ignored Byte[1] = ignored Byte[1] = ignored Byte[1] = ignored Byte[1] = ignored Byte[1] = ignored Byte[1] = ignored Byte[1] = ignored Byte[1] = ignored Byte[1] = ignored Byte[1] = ignored

0 Byte[0] = ignored Byte[0] = ignored Byte[0] = ignored Byte[0] = ignored Byte[0] = ignored Byte[0] = ignored Byte[0] = ignored Byte[0] = ignored Byte[0] = ignored Byte[0] = ignored Byte[0] = ignored

4GB 8GB4GB
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• Integrity Checks on entire datapath: HostDRAMHost
• Packet CRC from host through link to DRAM

• CMD/ADRS parity checking 

• Retry on the bus to DRAM. 

• ECC on data to/from DRAM.
• Detect/Correct SBE’s

• Detect/Correct failures on TSV (4 bit groups in 128 bit data)

• Detect Multiple Uncorrectable Errors in DRAM and TSV 

System Health Monitor
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Warnings, DRAM, Link, Protocol, Vault, Fatal

Error Reporting
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• Double the Bandwidth, Double the density

• Leverage architecture and learning from 1.1

• Atomics – reduce Link traffic with more efficient 
commands

• Advanced Health Monitor and in field repair

2.1 Update coming soon

Summary
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Questions?
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HMC 30G-VSR Specification Overview 

Mike Peng Li, Altera

Chair for 30G-VSR WC 
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Agenda

 Link 

 TX

 RX

 Channel

 Reference clock 
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DC Electrical Characteristics



©2015 Hybrid Memory Cube Consortium 34HMCC

30G-VSR Link Topology
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30G-VSR Link Configuration Examples

2-Link 4-Link

Link Speed (Gbps) 15, 25, 30 15, 25, 30

Max Aggregated Link 
Bandwidth (Gbps)

120, 200, 240 240, 400, 480
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Lane Rates Supported by 30G-VSR
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Link Coupling and Performance 
Parameters

 Link Coupling 

AC or DC  

 0.1 F is recommended for 30 Gbps

 Link Performance Parameters 

Max Bit Rate 

 30 Gbps

Bit Error Ratio (BER)

1e-15 
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Link Equalization (I)  

 TX 

A 3-tap FFE equalizer   

Pre-tap, post-tap gains  

Minimum pre-tap and post-tap gains
 Pre: 2.5+-0.5 dB, 1.3 dB step

 Post:  4.0+-0.5 dB, 1.6 dB step  
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Link Equalization (II)  

 RX 

A low-power CTLE   

Recover the data at the BER target when worst 

TX (e.g., swing, jitter, noise, termination, FFE) 

and channel (e.g., IL, RL, and Xtalk) present   
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TX Specification (I)  



©2015 Hybrid Memory Cube Consortium 41HMCC

TX Specification (II)  
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TX Specification (III)  
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TX Specification (IV)  
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RX Specification (I)  
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RX Specification (II)  
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RX Specification (III)  



©2015 Hybrid Memory Cube Consortium 47HMCC

TX and RX Return Loss (RL)  
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RX Sinusoidal Jitter Tolerance   
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Channel Insertion Loss Limits   

-10 dB at 15 GHz for 30 Gbps operation 
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Channel Insertion Loss Deviation   
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Channel Xtalk Limit   
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Channel Return Loss Limit   
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Channel Parameter Summary (Informative)   
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Reference Clock Parameters    
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Summary 

 HMC 30G-VSR Electrical/Phy Specification 

reviewed  
 Link topology, lane rates, BER target

 Link equalization: TX FFE and RX CTLE

 TX (e.g., output swing, RL, jitter)

 RX (e.g., input swing, RL, jitter tolerance)

 Channel (e.g., IL, ILD, Xtalk)

 Reference (e.g., input frequencies, tolerance, DCD, and 

phase noise)      

 HMC 30G-VSR Specification is ready for HMC 

adopters
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Questions?


