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I:'EJ Adapting Controllers for STT-MRAM

Flash Memory Summit

« MRAM Overview
 Persistent SRAM and Persistent DRAM

* Choosing an Interface
* What's the same, what's not

« Controller Design Considerations
« Xilinx Memory Interface Generator (MIG) optimization
« Additional design tips to get full benefit of MRAM

e Summary
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[@] MRAM — High Performance With Persistence

MRAM Combines

Flash Memory Summit
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I:'EJ Choosing an Interface for MRAM

Flash Memory Summit

* Familiar Standards for Toggle MRAM
« SRAM- asynchronous with standard parallel 1/O
« Serial- SPI and multi variants ( Single, Quad )

 Persistent DRAM with STT-MRAM
ASLO Il
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« JEDEC DDR3 > ST-DDR3
 DDR3 Controllers need to be adapted
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m ST-DDR3 has some timings
iy ot~ Ad1Ifferences vs. the JEDEC standard

Parameter Symbol DDR3-1333 ST-DDR3-1333
DRAM STT-MRAM
ns (min) ck (min) ns (min) ck (min)

ACTIVE to internal READ or WRITE delay time tRCD 15 10 95 64
Precharge command period tRP 15 10 66 44
ACTIVE to ACTIVE command period tRC 51 34 170 114
ACTIVE to Precharge command period tRAS 36 24 103 69
Write Recovery, WRITE to Precharge delay time tWR 15 10 15 10
ACT to ACT Command Period, different banks tRRD 6 4 30 20
Four ACTIVE Window tFAW 30 20 120 80
REFRESH to ACT command delay (1Gb to 8Gb) tRFC 74 — 234 Not Used

 Row latency, tRCD, and Precharge, tRP, are longer — typically
outside the register range for these timings in most DDR3

controllers.
 Refreshis not required
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m Page Size is Reduced for ST-DDR3

Flash Memory Summit

 DRAM Page sizes are optimized around REFRESH
* MRAM does not use REFRESH
« MRAM Page sizes are optimized to minimize power

Fewer Column Address bits
« DRAM Column Addr = 10b
* MRAM Column Addr = 6b

JEDEC 256Mb
Parameter (bits) DDR3 ST-DDR3
10 Width x8 X8
Page size 8,192 512
tRAST 3 6
TXN FIFO DEPTH 4 8
DRAM MRAWM TXN_FIFO_PWIDTH 2 3
CAS FIFO DEPTH 4 8
512b CAS FIFO PWIDTH 2 3
trcd cntr/trcd cntr_nxt 4 6
trp_cntr 5 7
8kb tras_cntr_rb/tras_cntr_rb_nxt 4 6
Column Address Width (bits) Ay — A (10) A, — A: (6)
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I:'@] Power-up with Persistent Data

Flash Memory Summit

« DRAM Controllers will calibrate after power-up by writing to the
memory. With persistent memory, care must be taken to not
overwrite user data.

* Mode register 2, bit 8 MR2[8] on the ST-DDR3 MRAM is used to
provide a way to write to the device without overwriting user data.

Mode Register 2 (MR2) — 0x0110 MR2[8] = 1
Mode Register 3 (MR3) — 0x0000
Mode Register 1 (MR1) — 0x0044
Mode Register 0 (MRO) — 0xOb60
After Calibration and before normal operation
Mode Register 2 (MR2) — 0x0010 MR2[8] =0

oukrwnNE
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[E] Power-down with Persistence

Flash Memory Summit

When power rail begins to: slump, over voltage, over
current, over temperature

SCRAM Routine

1. Stop accepting any new commands
. 2. Process all pending commands
cEEE——

3. Complete all pending MRAM writes
a) NOTE: To guarantee persistence, executing a Precharge (PRE) or
Precharge All (PREA) command must be performed to move data
in to the persistent memory array.

4. Communicate that ALL pending writes are complete (assert
SCRAM complete)
5. Itis now safe to power off MRAM without losing data.

:M 8/7/2018



Summary of Changes to Xilinx MIG

Flash Memory Summit
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Flash Memory Summit

Performance

Note the Large gaps between bursts
®
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D Performance — improved bus utilization

Flash Memory Summit
®
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Don’t Reinvent the Wheel

Flash Memory Summit
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" @ NORTHWEST

Al ocic Memory Interface Solution Overview

Memory DDR
Controller BRI > Momory

Solution Includes: Key Features:
+ Memory Controller Cores + Complete Solution
- Supports HBM2, GDDR&, DDR4/3, LPDDR4/3 ~ Full featured and modular solution enables IP to be con-
~ 64 banks and 16 deep command queue support f_ilgurgq to exact customer requirements ]
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Flash Memory Summit

e Tim

Adapting Controllers for STT-MRAM

Summary

iIng and page size changes needed for ST-DDR3

Performance optimization in Xilinx MIG DDR3 with sequencing,
FIFO depth and address ordering

 Power Up and Power Down simplified

Persistent user data in memory needs to be accounted for

* Resources are available
« Xilinx MIG support and design guide
« ASIC design support from Cadence and Northwest Logic
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