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d Memory %} Processor®] Performance Gap

- MM AAE &= HMEt

O 1980 : no cache(HW controlled buffer) in pprocessor
O 1980 : 64kb DRAM
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d Peak Bandwidth 34S 93 ==

M

Bandwidth = Bus Width x [/0O Frequency
— Wide Data Bus

— Column Path® 11=3}

« EDO, 3-stage Pipeline, Wave Pipeline

— Interface2| JH{ &
« D-RDRAM, SLDRAM

— Random &' Row Access 0l| [ off Effective Bandwidth f7 0o/t !!
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1 Today’'s Computer System

= Random Access Pattern on System Memory

Processor

frame buffer

Graphic
accelerator

PCI
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 Reduction of Random Row Cycle
— Multi Bank Structure (1994, MoSys)
— Temporal Storage Buffer (S. Wakayama, Fujitsu, SOVC’98)

— Small Block Access
« FCRAM (Y. Sato, Fujitsu, SOVC’98)

— Integration of SRAM
» Hierarchical Structure

. EDRAM(1992, EDRAM), CDRAM(1992, Mitsubishi),
W-CDRAM(Duke Univ., 1997), VCM(1998, NEC)
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1 Comparison of SRAM Integrated Structure
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DRAM

EDO
DRAM
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SDRAM

DDR

DRAM SLDRAM

Direct

Rambus
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VCM (Virtual Channel Memory)

a j&
— Integration of SRAM Buffer in DRAM
e Channel

— Cell Core 2| HH
« Backward Compatibility

— External Controllerf| 2| ¢t Data Transfer Control
e KN =D} YK

L /1 O

« Flexibility



Channel
 Fully associative
« 16 +1

Channel(Dummy)
Segment (1Kbit)

SRAM Access
» Foreground Operation
e Channel Read, Write

Cell Core Access

« Background Operation
» Prefetch, Restore
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VCM (Virtual Channel Memory)

sEER R

Row Memory Array
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VCM (Virtual Channel Memory)

QVCMe

53

Memory Master 1

Memory Master 2

Memory Master 3
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090
— & M2l Computer System
o CF2FSt Access Pattern2| ApplicationO] AFE
« =& 8t Hardware Platform

.« /WS SWIH A2 (5|0l 91 Moz S|

= System +=9 Z&'& 4E 0/ JHE 524 Z 2!

Q45 5479 &%

— Comparison of Performance
— TOP-down E'4/S/ Memory Design 84/ 4| Z
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POPeye (1)

O POPeye
— SystemZ| S A QI S AA S 11H S Memory System
Ne =)

oS | o

— H/W Platform + System Software + Application

Performance
Analysis
Parameter

POPeye

|||||||' Application Programs
OS : windows95

Virtual PC Memor | DRAM
Emulator y module

UNIX

User

Performance
Analyzer
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POPeye (2)
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1 Target System
— PC system

x86 H € CPU
Internal L1 Cache
External L2 Cache
External Devices
Memory Controller
System Memory

Processor

! Host Bus

Cntl
N DRAM
ag Cntl
(SDRAM
TI0[70] (cache contr.) NCM
Tag ——» VPM)
PCI Bus
Floppy Disk VAN
E KeyBoard
Bus
Controller | <. Mouse
m BIOS
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POPeye S ©] 83 VCM A & 4

SDRAM : Open page = 4KB x 2 = 8KB

1 Memory Modeling

512 Byte
— SDRAM Module oo 1 ’
« 64MB : (64MBit x 8) x 8 HcByte
« Chip Organization ankd o
— (8096x 512) x 2 - 0 x8 S
— x81/0 *
VC-SDRAM : Open page = (n x mk bit) x 8 = nxm KB
— VC-SDRAM Module 0 1 7
* 64MB : (64MBit x 8) x 8 it
 Chip Organization ; m-k Byte
— (8096x 512) x 2 (C“a””e"I S |
— x81/0 — = P

x 64
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POPeye Simulation
B
O [ssues on Channel
— Number Of Channels
— Channel Width
1 Row Prefetch Vs. 1/4 Row Prefetch

— Dummy Channel Access
 Write Allocation Vs. No-Write-Allocation

O Latency Comparison
— Channel(Page) Hit
« Same Latency
— Channel(Page) Miss
* Read Miss : Same or Long(Restore)

e Write Miss : Short (Dummy Hit) or Long(Dummy Miss)
20 ==




Yoon Chi Won 1998/12/28

POPeye Simulation

O Latency Comparison (Read Miss Cycle)

100MHz, BL = 4, Same bank Access

0 1 2 3 4 5 6 7 8 9 0 11 12 13 14 15 16 17 18 19 20 21 22 23 24
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POPeye Simulation

A Latency Comparison(Write Miss Cycle)

100MHz, BL = 4, Same bank Access

0 1 2 3 4 5 6 7 8 9 10 M 1213 14 15 16 17 18 19 20 21 22 23 24
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Simulation Result
I

A Channel 7]5~¢] W} & EA] WH3}

O read hit M read miss O write hit O write miss

O sdram B yem : 1k-16ch O vem : 1k-4ch PhotoShop3.0 MSexcel 7.0 MSword 7.0
1.4 100%

80% |

60% [

40% T

20% —

0%

sdram vcm vem sdram vcm vem sdram vcm vem
photo shop excel word 16ch  4ch 16ch  4ch 16ch  4ch
Performance Access Pattern
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Simulation Result
I

d Channel Zdo|o] w}& EA H3}

\ Oread hit Bread miss O write hit O write miss

S sdram ®vem : Tk=16ch Cvem - k= 4ch PhotoShop3.0 MSexcel 7.0 MSword 7.0
1.4 100%

80%

60%

40%

20%

0%

photo shop excel word sdram vcm vem sdram vcm vem sdram vcm vem
1k—  4k—4ch 1k—  4k—4ch 1k—  4k—4ch
16ch 16ch 16ch
Performance Access Pattern
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Simulation Result
I

O Dummy Channel Access H2lo]] w}p& ¥ 3}

O sdram® vem : No-write_alloc. O vem @ Write_alloc|

» 100%
1.2 80%
1 I
60%
08 |
0.6 [ — 40%
04 |
20%
02 -
0 0%
photo shop excel word
Performance

‘ O read hit B read miss O write hit O write miss
PhotoShop3.0
MSexcel 7.0 MSword 7.0
sdram vem ! vem ! sdram vem : vem: sdram vem: vem :
No- Write— No— Write— No- Write—
Write—  Alloc. Write—  Alloc. Write—  Alloc.
Alloc. Alloc. Alloc.
Access Pattern
25 =
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Simulation Result
C

1 Channel Replace & Restore

‘l replace B restore ‘

No Write—Alloc. |
PhotoShop 3.0

Write—Alloc.

No Write—Alloc. ;
MSexcel 7.0

Write—Alloc.

No Write—Alloc. |
MS\:word 7.0

Write—Alloc.
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Simulation Result

O Channel Access Pattern(for 16 Channels)

‘ U Dummy_miss ® Dummy_hit‘ O Row_open miss B Row_open hit‘
100% . . . 100% —— p— — —
90% 90%
80% 80%
70% 70%
60% 60%
50% 50%
40% 40%
30% r 30%
20% 20%
10% 10%
0% ‘ ‘ 0% * *
PhotoShop 3.0 MSexcel 7.0  MSword 7.0 PhotoShop 3.0 MSexcel 7.0  MSword 7.0
Dummy Channel Hit Ratio Opened Row Hit Ratio
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A} 24

Q23 24
— Performance Improvement

e With Integrating Only 4 Channels
» With 1/4 Row Prefetching Scheme

« With “No Write Allocation” Method
— Characteristics of Background Operations
» Poor Utilization of Previously Activated Row

» Poor Hit Ratio for Dummy Channel in the Case of Successive

Write Miss Cycle

— Performance Limited by Background Operations !!

28 =




Yoon Chi Won 1998/12/28

R

Q<A 484
A #A-AAA
d VCM (Virtual Channel Memory)
A POPeye : W& 2] A|=H 5 547
d POPeyeE ©]-&3% VCM 4]
B Q VPM (Virtual Pipelined Memory)

QdE % F574A

rJ



Yoon Chi Won 1998/12/28

VPM (Virtual Pipelined Memory)

Behavioral Level Structural Level Gate Level
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VPM Design (Behavioral Level)

d From VCM Analysis Results,
— Channel Structure is Effective
 1/4 Prefetching Scheme
e “No Write Allocation”

1 “No Write Allocation”

* Long Write Miss Cycle
— Read Modified Write for Dummy
» Prefetch to Dummy, Restore Dummy Data to Cell Core
— Poor Dummy Channel Hit for Successive Write Miss Cycle

= Use “Write Through”

3] ==
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de A VPM

d Performance Analysis
— No Write Allocation with “Write Through™
— 1/4 Prefetching, 16 channels

0 SDRAM B VCM O VPM

1.4

1.2 1

0.8 1
0.6
0.4

0.2

Photoshop Excel Word
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VPM Design (Behavioral Level)

1 1 Physical Row Activation
1 Physical Row Activation for Prefetching One Segment
» Poor Utilization of Previously Activated Row

= “Partial Activation” ALE 1!

1 Performance i1s Limited by Background Op.
« Fast Row Cycle= ¢/t [l 22 SchemeO| & R

= Row Path Pipelining !!
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VPM Design (Structural Level)

7] & % 3)
(1) Channel |
(2) Sub-WordLine =2 s dee MR

» Partial Activation
(3) Row Decoder Latch
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(5) Direct Path to Row
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1 Background Operations

Memory Cell Core

Memory Cell Core

Main
WL
Driver
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VPM Design (Structural Level)

Memory Cell Core
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VPM Design (Structural Level)

d Sub-Word Line 7+%

] _:;I Rx Driver |

Wgﬂrzlline ~ Sub-wprdline

Driv Driver
X-addr. M latch — - H >
Buffer D q
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d SPICE Simulation

— 256 * 64 Sub-Block Array

« Alternate Shared Sense Amp
« &0H 0.35 um
— Word Line Model
» R:23.4 KQ
» C:200 fF
— Bit Line Model
» R:8KQ
» C:200 fF

— 100MHz Clock
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VPM Design (Gate Level)

° ° ° °

° ° ° °

° ° ° °

° ° ° °
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VPM Design (Gate Level)
[

Q Cell Core to Channel Transfer (Prefetch)
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VPM Design (Gate Level)

A Channel to Cell Core (Restore)
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Row Cycle Comparison
[

Q A<2 2] Read Access (100MHz, BL 4)

Read (100MHz, BL = 4, Same bank Access)

0O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
BAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAURUAURVAVAVAVAYA
= >
SDRAM
OATA (o)) ")
VC-SDRAM (or) (eem) :}T brR)
DATA oo ) o1 ) 02 ) b3 Coo ) o1 ) 02 ) 03

Precharge
Voo
v ()
DATA DO m D2 FDD Fnojrmj DDGD
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Row Cycle Comparison
[

Restore (100MHz, BL = 4, Same bank Access)

1 Restore Cycle

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

e o Rsmber) o ey

WRDA (100MHz, BL = 4, Same bank Access)
6 7 8 9 10 11 12 13 14 15 16 17 18 19

1 Write Miss Cycle annnnnnnnnnnninnnhnnn
<
(o,

VG-SDRAM ACT PFD WRDA AcT )

Lo

(=]
I8
=]
L5
=]
%)

)
3k
L8

VPM WRDA ) ACT X PFD

B
=]
5]

Z)
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O Performance Analysis
— Max. 40 %

0 SDRAV B VCM 0O VPM
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Q2
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« VCM X2 85 YL E4 24
— TOP Down &2 &A= AtE 6
« VCM2O| &t =25
— Fast Row Cycle

— Low Power
>3 34
— VPME| 2& (Layout)
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