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Introduction of various BM Tools lm

0

3in 2012

09/10/19 ~ 10/10/19

There are many performance benchmarking tools,
but tool concept and result is different ??
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Example 1) PCMark 05 vs H2Bench Result

Confidential

09/05.16~12/05.15

>

3 in 2010
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Example 2) PCMark 05 vs IOMeter 06 Result o

09/05.16~12/05.15
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» It shows that both "A” and "B" are similar performance of disk operation for File Write in the PCMark05 , but shows
completely different results on the Sequential Write in the IOMeter 06. =» Different result between PCMarkOS and Iomej;er06
even doing same operation.
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Example 3) Performance Difference

[ )
Confidential -lp
3in 2010

09/05.16~12/05.15
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Shows different results among the various BM Tools.

This chart shows 40MB-80MB/s performance difference based on many tools, even though we used the exactly same

SSD sample and same conditions.
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Example 4) Performance Difference @IOMeter
09/05.16~12/05.15
* B company shows better performance in the IOMeter 2008 than IOMeter 2006.
* The two versions of IOMeter generate drastically different data patterns. & see APPENDIX
MB/s 128K Seq, Read g 128K Seq, Write
300 25’60 300 2500
270 260
250 224 _ 2000 20 L 2000
200 197.2 196.9 o0
L] ] - 1500 Fo 1500
150 150
- 1000 101.5 1007 1000
100 100 (] J a0t
50 - 500 ” - 500
0 T T 0 0 . O
A A .. B.. B
; : : ' A A.. B . B. .
v v0B v0® w08 VOB vO8 VOB w08
m B/ o 1OPS — s 0P
4K Ran . Read 4K Ran. Write
300 45000 160 30000
250 O 0000 10 o F 25000
35000 120
O I
200 30000 00 045 20000
130.4 25000
130 708 20000 80 O 15000
4o 53.6
100 15000 F 10000
4.7 489 10000 40
30 20 F 9000
3000 57 >4
0 0 0 = = 0
A .. A i B~ B.. Au A B.. B..
v v08 V06 vi08 v06 v08 V0o v08
— (/55 o I0PS T——TeT o
H H H H ol
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Analysis of various BM Tools

L]
Confidential -l 1>
3in 2010

09/05.16~12/05.15

Transfer
Size

DATA Patter

(@)Y |»]
Read/Write

O

Partition

Latency

n

Multi process

Queue Depth

Precondition

CMD
Duty cycle

22
2
O

huyyn

Y F-Application / Flash Div

. Fix .
Variable Gl Fix
O6:RA,ND.OM Almost Repetitive
08:2bit
L ZERO pattern pattern
repetition
Read/write Read/Write .
Seg/Ran Sea/Ran GG
Windows Windows
Linux Windows (Win32
Netware Console App)
prg;:ﬁ::/ logical physical
\Y \Y
Vv Vv
\Y
\Y
Vv
\Y
*freezing *Real home *DATA
*MB/s, IOPS . usage In*tegrl'gy check
Application application
test test

Fix Fix 3 3 Fix o
Variable (seq. 128KB (seq. 128KB (seq 128KB
() (&35 ran128/4KB) Ran 64KB) LAE) Ran 64KB)
. Routine
Routine RANDOM
ALL ZERO - ALL ZERO 4bit repetition RANDOM ALL ZERO p
attern
Pattern
Read,/Write Read Read/Write Read/Write Read/Write Read/Write Read/Write
Seq. Seq. Sea/Ran Sea/Ran Seq. Sea/Ran
Windows Windows Windows Windows Windows Windows Windows
. Physical/ Physical/ " : Physical/ .
logical logical Logical(read) logical logical Logical(read) logical
A \Y A

® Quick hit BM Tool / Simple point and click
® Not consistent results / just Simple Read/Write test

® Not support specific & critical option
® Not give a larger perceptive of performance

*detail graph
*comparison % co
with other Py
)

*detail graph

ahead o /7
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onfidentia -|.|>
PCMark05 vs. Vantage

09/05.16~12/05.15

- PCMark05 PCMark Vantage

Windows XP 32bit (SP2)

i ista @2
05 Windows Vista 32bit ElonE ME B
1. windows defender
2. game HDD
1. XP startup
3. importing pictures
2. Application Loading
TEST ITEM 4. Window Vista start-up
3. General Usage
( HDD Suite) 5. Video editing
4. Virus scan
6. Media center
5. File write
7. Adding music to Windows Media Player
8. Application loading
SCORE 300 x ( geomean of the HDD test suit results ) = 214.65 x ( geomean of the HDD test suit results )

HDD Score = 300 * [geomean of the HDD test suite test results]
=300 * {(XP Startup * Application Loading * General Usage * Virus Scan * File Write)"1/5}

l/l l/l 171 1 XX F-Application / Flash Div Confidential 10 afwadorll./"cmnge



PCMark (05 & Vantage) oI5

09/05.16~12/05.15

PCMark 05 PCMark Vantage
. 100% - =
100% -
6%
90% /_ !

0%

/ 80% /—
80% A 4

Vv
70% / 70%
a4 [
60% 7 60% 1
50% V7 99.5 s05 | 99 100
90.0¢

Ve - 4% 85 87
40% 40% - 78
30% / 30% V-
10% 7 w0z ¥
0% T . . ' S 0% . . . . . . .

XP StartUp Application General Virus Scan File Write Windows Gaming  Importing Vista Video Windows Adding  Application
Loading Usage Defender pictures startup editing Me dia music loading
Center
read mwrite read mwrite
Total Ratio > 53% Read + 47% Write Total Ratio > 79.5% Read + 20.5% Write

Iy X F-appiication | Fiash Div Confidential o T
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M Confidential
ark05 Transfersize
09/05.16~12/05.15
Xp install Xp install
read write
OTHERS | ' ' ' OTHERS | '
256 128
64 32
48 24
40 16
24 8
16 6
8 5 |
3 3 |
2 2
1 1
0.0%  5.0% 10.0% 15.0% 20.0% 25.0% 30.0% 35.0% 40.0% 45.0% 0.0% 5.0% 10.0% 15.0% 20.0% 25.0% 30.0% 35.0% 40.0% 45.0% 50.0%
Application loading Application loading
read write
OTHERS | ' ' ' OTHERS |
128 128 |
% | 32 |
80 24 |
64 | 16 |
40 8
32 7
24 | 6
16 4
8 | 2 |
2 1
0.0% 5.0% 10.0% 15.0% 20.0% 25.0% 30.0% 0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0%
- . . . ahead ol f7
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Hynix B/M Tool (Hi-Score) P

09/10/19 ~ 10/10/19

Current Performance Measurement Issue

Various Performance B/M Tools

Introduction of Common BM Tools Analyzation of BM Tools
I

different results depending on which BM tool used or hardware.

What we need to do?

Standardization of Hardware and Software

uheadof/é\
™ /hange
l/l l/| N I1X F- Application / Flash Div. Confidential 13 7



Analysis of various BM Tools :'z!,z

09/10/19 ~ 10/10/19

O

Transfer | We found out about 12 type of factor, which
i | | can affect SSD’s Read/Write performance .

tioning

\Pattern

!@ uheadofé\
C /W

onfidential 14
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What's the Problems ?

09/05.16~12/05.15

. Benchmarking tools show totally different results each others.
II. In lack of consistency, reliability, objectivity for performance result.

III. Need to standard regardless of test environment and features of the BM Tool.

l/I I/l 11 1 XX F-Application / Flash Div Confidential - A e



09/05.16~12/05.15

1 onfidentia -l.l)
Introduction of “HI-SCORE"

Standard Unit

Real Operation Trace

Capture

* Boot up « Adjust Format for * MB/s
« XP Install Test Program « IOps
« Compression « Execution eTime (H: M:S)

« Decompression
* Virus Scan

« Office Install

« Hibernation-In

e Hibernation-Out

. Freezing(Mi

Protocol

Analyzer

Confidential



Introduction of “HI-SCORE”"

Confidential

09/05.16~12/05.15

P>

3 in 2010

FS INDILINX_16GB

FEile

Edit *iew Debug Buffer Tools Window Help

. XP Pro SP2 INSTALL NTFES INDILINX_16GE_20090416_revdl

OBOB3IS59h,

OBOE361h, 0O0Sh .

cposscen son @ Test Script

PoaD k. donn ->Real operation Command,
oitna, Toin LBA address , Transfer size
Hogiosin. gonn ~>Flexibility to modify scripts
HREHGER, HET for a measurement of the
oBte0i7h, GOin performance for a specific
c e g0 type of usage.

Pt e o - directly read/write to SSD

independent on other H/W
components.

AEFAN= T Ansn

SCRIPT: E:vAH Eoinwoo.
Driwve Master Professional (SATA) Wersion 5.0.836

HEA NAME: AHCIARAID(A), BUS=3 DEV=0 FUNC=0 DID=2353 ADDRE=ES000000
DEVICE NAME: SANDFORCE 1 Z07A11F0

Date: Sun, October 11, 2009

Script Start Time: 01l::Z5:25 PHM

XP Pro + 3P2 Install Simulations>

Total LEA

= 2336445854
Capacity =

113 G

® Log Data

Test is running. ..

performance results

XP PRO SPZ INSTALL NTFS INDILINX 16GE_Z0030416 REVOL.SRET

- Output test process status and

20090416_re

fer: Writ

1l LEa= 0O

2L 03

83 8F

09 25

6C 6D

= 12 F5
27 D&

F& 46

1E a7

64 1D

42 AR

joooco 71 ZE
looooo &8 3z
lonoED 55 4h
EIEIDFEI DE 41
looloo Es 7C
!00110 88 62
oolzo 7F ZF
00130 6F E3

~ floolan z4 Do
loolso sz =D

x| »

"]||= lock

1 LBA=
loooon aF 7z
i00010 4F 37
looozo  za 03
!00030 83 8F
|0Do40 09 25
jon0s0 &C 6D
o000 12 FS
looo7o 27 Da
lonoso  Fs 46
iouugo 1E 47
loooaD 4 1D
!DDDBD 42 AR
|oooco 71 ZE
|0oooDo 88 32
|oooED 53 4a
loooFo Ds 41
jonloo E& 7C
bollo 88 62
lonizo 7F 2ZF
!00130 &F E3
00140 24 Do
j00ls50 52 8D

® DATA Pattern
- output read/write pattern

- flexibility to modify into various

pattern with Drive Master Script

M...0n.4...

> |3

|:'<

eV D LBA] BEO047 LEM | 0 SEMD

S5 tatus ] 00000123 SEmor: ] 0o0o0oo0
HE&, Max Slok:
Drevice Type:

|55 03 [50[08 30 <- Frew

32 Dew MaH.S|DtZi 32 QDepth:i i}

Serial MO, 1

I Cstri<ferBytes: ] 7

ATE Model NO. SandForce

[No_Date. ~|[00[o8[47[00[SEJEO[ET < Ront >

RELCW: Wﬁmm'ﬁﬁm< Prew

[00[ a8 47 [oo[Se [0 50
1 7

Confidential
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STAHT:jME]'EE]'F—U EDB:IEE]EWEE]E]_EE
ewp:["B[@["0  [00[oo[66[00[ o0 a0

Firmware Rev: 207A11F0
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Standardization of Benchmarking performance

09/05.16~12/05.15

>

3 in 2010

Standardization of Hardware

o It is important for SSD performance measurement to be independent
from hardware, especially CPU, RAM, Graphic, Motherboard.

.
andardization ot sortware

« Have to develop software including as various factors as possible to

evaluate a broad perspective of performance.

HYNIX is developing our own optimized benchmarking index to achieve
consistent result and accurate evaluation. We call that is “HiScore”

l/l l/| /1 12X F-Application / Flash Div Confidential 18
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Signal Integrity :':!,Z

09/10/19 ~ 10/10/19

PHY Test For SATA-IO Certification
What's SATA PHY? What's BIST? Compliance Test Equipment

Signal Integrity On Real Operation

Mask Test Jitter Test
<~
What's Different?
Mask Jitter

What we have to do?

Standardization of Signal Integrity On Real Operation

h NWIX  F-Application / Flash Div. Confidential 20 7



What is the SATA PHY? AP

09/10/19 ~ 10/10/19 3in 2012
\
DATAINOTI" B — « The PHY layer is simply divided to a
— = PO TXC! transmitter, Internal Interface, and a
:vm? t:r:] 2322&6-9"0[616(1 mattem I receijver.
mpliant Source TxClock
1
HRESET*— ]
PHYRDY* @
SLUMBER* ———
PARTIAL® nalog
Front
Control Block End
SPDSEL D—»
SPDMODE <e—
COMMA & Fixed Pattern I
’ - Detect
=
\ Data + T RX(+)"
Ge—] = Extraction |«
R N — He— < RX()
— =]
Recovered
RXCLOCK @.# cover ]
COMINIT* G
COMRESET
COMWAKE "G«
Physical Plant Block Diagram
head of
- “ °l Change
l/l WX  F-Application / Flash Div. Confidential 21 7



What is BIST?
1. BIST Mode

1. What is the BIST?

A Built-In Self-Test is a mechanism that permit a machine to test itself.
To verify an integrated circuit of internal feature.

Devices shall provide BIST-L mode for SATA Compliance Test.

IX+ lrey e gy o Latasl oy Data
_____________ i B Extraction
Tx- R Block
Fixed Pattern
Source Analog Anaiog Sl
Front Front Lul I{:".:mn .
End e copbac
Fixed Pattern
Detect
| Data <§X+ IR s
4| Extraction \
- —
atr—————— 5 5 *AJ
Block - G e

2.

l/l l/| 11X F-Application / Flash Div.

BIST-L Mode (Far End Retimed Loopback Mode)

Provided data is decoded and descrambled.

Confidential

Device

09/10/19 ~ 10/10/19

22

Data stream, at BIST-L mode, is extracted by the deserializer and data recovery circuit(DRC)
Data is being sent back through the Pattern Generator with appropriately inserted retiming
ALIGNp primitives.

aheadof/-

0

3in 2012
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Compliance Test (Electrical Test)

CEXl -

09/10/19 ~ 10/10/29 3 in 2012

1. Transmitter Test

«  PHY : Signal timing stability and SSC Analysis

« TSG : Rise/Fall Time, Transmitter AC parametric, Skew, Jitter, Amplitude

« QOB : Out of Band Signal Validation
2. Receiver Test (Jitter Tolerance Test)

« RSG : Receiver Jitter, Amplitude sensitivity compliance,

 RMT : RSG Margin test

TSG . RSG__|
ks Som— e TR + [hateans e e

Fixed Pattern
Detect

Fixed Pattern
Detect

Data sl o Py i My Data & T
Extraction = gL T et Extraction - P <O -
Block EX- =2 | - Block R —
Host D — Device Host A — Device
OSCILLOSCOPE hiaend
211344 Trizzer
E CH2 CHP CH1CH2 CH4
¢ o9 PP
3ATA TEST FIXTURE | _
DC Bloclears [ o o =) =
~—— - 0 0 O 0 O 0 Cc
SATA I
DRIVE = )
(DUT) & o o ] Power Splitter TE000 Logic Anatyzer =r=r=r=
=28
[ j =22 [N4Z 196 SATA Probel
E=1]
s r e o sf—(e Eeles |
= 1

1{




0

Compliance Test (Electrical Test) lm

09/10/19 ~ 10/10/19 31in2012
3. Channel Test (Impedance Test)
« Rx/Tx : Device and Host electrical channel performance
Connect the SMA cable

— M-m-‘mﬁ;u-

'.r‘ﬁ‘&_
Connect the
Power cable

Ba|anced -  SDD11 (Differential Return Loss) : The magnitude measure of the differential

mode reflection given differential mode excitation on each port.
Balanced Balanced

. SCC11 (Common mode Return Loss) : The magnitude measure of the
Ol’t 1 pOFt 2 common mode reflection given a common mode excitation on each port.

«  SDC11 (Impedance Balance) : The magnitude measure of the differential
mode deflection given a common mode excitation on each port.

Note

* Naming Copventio'n : S(mode response, mode stimulate)(port response, port stimulate) .
1) Mode - Differential mode : DD / Common mode : CC / Mode Conversion : CD, DC

2) Port - Reflection(Impedance) : 11, 22 / Crosstalk(Cable test) : 12, 21 ahead of

- Change
I/I I/I 11X F-Application / Flash Div. Confidential 24 7



Compliance Test (Electrical Test) m :'Joz

09/10/19 ~ 10/10/19

4. SI Test (Standard Internal Cable Test)
« Sl Test: Cable Crosstalk, skew & frequency domain measurements

Balanced

Balanced ‘ Balahced
- ort 1 — pert2

« NEXT (Near —End Crosstalk)
- NEXT is interference between two pairs of a cable measured at the same end the cable the transmitter.

e  FEXT (Far-End Crosstalk)
- FEXT is interference between two pairs of a cable measured at the other end of the cable from the
transmitter.
« The occurrence of any type of crosstalk can lead to communication issues such as loss of signal and
transformation of frequency

« It's possible to improve if it is using shielded conductor on transfer path.
aheadof/

C hange
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Compliance Test (Electrical Test)

5. Test Items (Based on SATA 2.6 Specification)

SATA Genl, Gen2 PHY/TSG/OOB Transmitter Testing

PHY-01 Unit Interval

PHY-02 Frequency Long Term Stability

PHY-03 Spread-Spectrum Modulation Frequency
PHY-04 Spread-Spectrum Modulation Deviation

TSG-01 Differential Output Voltage

TSG-02 Rise/Fall Time

TSG-03 Differential Skew

TSG-04 AC Common Made Voltage

TSG-05 Rise/Fall Imbalance

TSG-06 Amplitude Imbalance

TSG-07 TJ at Connector, Clock to Data, Fbaud/10
TSG-08 DJ at Connector, Clock to Data, Fbaud/10
TSG-09 TJ at Connector, Clock to Data, Fbaud/500 (Genl)
TSG-10 DJ at Connector, Clock to Data, Fbaud/500 (Gen1)
TSG-11 TJ at Connector, Clock to Data, Fbaud/500 (Gen2)
TSG-12 D] at Connector, Clock to Data, Fbaud/S00 (Gen2)

0Q0B-01 008 Signal Detection Threshold

0O0B-02 UI During QOB Signaling

0Q0B-03 COMIMIT/RESET and COMWAKE Transmit Burst Length
0QO0B-04 COMIMIT/RESET Transmit Gap Length

00B-05 COMWAKE Transmit Gap Length

QO0B-06 COMWAKE Gap Detection Windows

QO0B-07 COMIMIT Gap Detection Windows

1

3in 2012

09/10/19 ~ 10/10/19

SATA RSG/RMT Receiver Testing
RSG-01 Genl (1.5Gb/s) Receiver Jitter Test
RSG-02 Gen2 (3.0Gb/s) Receiver Jitter Test
SATA Genl, Gen2 Rx/Tx Channel Testing
TX-01 Pair Differential Impedance

TX-02 Single Ended Impedance (Informative)
TX-03 Gen2 (3Gb/s) Differential Mode Return Loss
TX-04 Gen2 (3Gb/s) Common Mode Return Loss
TX-05 Gen2 (3Gb/s) Impedance Balance

TX-06 Genl (1.5Gb/s) Differential Mode Return Loss

RX-01 Pair Differential Impedance

RX-02 single Ended Impedance (Informative)
RX-03 Gen2 (3Gh/s) Differential Mode Return Loss
RX-04 Gen2 (3Gb/s) Common Mode Return Loss
RX-05 Gen2 (3Gh/s) Impedance Balance

SATA 51 Testing
SI-01 Mated Connector Impedance
SI-02 Cable Absolute Differential Impedance
SI-03 Cable Pair Matching

SI-04 Common Mode Impedance

SI-05 Differential Rise Time

SI-06 Intra-pair Skew

SI-07 Insertion Loss

SI-08 Differential to Differential Crosstalk: MEXT
SI-09 Inter Symbol Interference

RX-06 Genl (1.5Gb/s) Differential Mode Return Loss

hunnix
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3in 2012

Compliance Test Result

09/10/19 ~ 10/10/19

6. Compliance Test Result

Test result summary

Zhows the test results as an overview

Product Mumber: SATA
Serial Mumber:

Description:

User Name: Tnknow User

User's Coumerdt :

Software Versions:

ValiFrame 1.14. 20090211
Sequancer 1.00_20090211
Instrumert Mahagsr 1.00_Z00%0Z11
Ferial Bus Fawily 1.00. 20090211
Excel Graph Table Viewer 1.00. 20020211
SATA 1.14. 20090211 —
7 IIIRIITIII i i
a5t name esult = i i
JEERT Maxsd Cal Fassed I TX Rise Time, 3.0 Gbps|
Diff Yoltage Calibration Passed }
Random Jitter Calibration Passed -
Sinugoidal Jitter Calibration Passed =
T# Channel Speed 3G Passed
Tx Rise Time 3G Passed =
Tx Fall Time_3G Passed
T3 Diff Skew HFTP Passed =
Tx Rige Fall Imbal HFTP Passed n
Tx TJ FhEO0 HFTR Passad =
Tx DJ FhS0O HF TP Passad -
Tx Min Diff volttage_3G Passed
Tx Amplitudelmbalance Passed I
T Diff Skew MFTP Passed = PR S
Tx Rise Fall Imbal MFTP Passed ‘ .
Tx AC Com Mode Voltage Passed = -]}FX Fall Tlme’ 3.0 GbDS
Tx TJ FhE00 LERP Pazzed |
Tx DJ Fb500 LEF Passed [ }
T D COMINIT TransGapleng Passed " ‘
T COMWAKE TransGaplength Passed I
Tx Ul During OOB Pazzed E |
Ty D COMINIT TransBurstL Passed }
Tx COMWAKE TransBurstLen Passed - |
Tx Drive ResMaxInCOMRESET Passed . }
Tx Drive ResMininCOMRESET Passed }
Tx Drive RejMax0utCOMRESET Passed = |
Tx Drive RejMinDutCOMRESET Passed =
T Reshaxns OMyWAKE Passed -
T ReshMinln COMWAKE Passed -
T RejMaxDutC OMWAKE Passed
Tx RejMinOutC OMWAKE Passed I

ahead of /

| C/bcmge
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SI Equipment List M 12

09/10/19 ~ 10/10/19 3in 2012

Agilent vs. Tektronix *Drive Master is positively necessary
when RSG/RMT & OOB is tested with Agilent Solutions

v" PHY - Signal timing stability and SSC
analysis ) « J-BERT(N4903A)
v' TSG — Transmitter AC Parametric, Jitter,
Amplitude
v" OOB - Out Of Band signal validation

Real-Time Oscilloscope(DSA72004)

Pulse Pattern Generator(AWG7102) * Pulse Pattern Generator(81134A)

» Real-Time Oscilloscope(91304A)

v Rx/Tx — Device and Host electrical
channel performance, impedance and
return loss

» Sampling Scope + TDR » Sampling Scope + TDR Module
Module(DSA8200) (86100C)

v _
el aessals; SG e » Sampling Scope + TDR » Sampling Scope + TDR Module

frequency domain measurements,
sdd?21 sddil Module(DSA8200) (86100C)

» Real-Time Oscilloscope(DSA72004)
e Pulse Pattern Generator(AWG7102)
« SATA BOX(C-H-S)

* Logic Analyzer(TLA7000 Series)

v" RSG/RMT - Receiver jitter and
amplitude sensitivity compliance and
margin test

« J-BERT(N4903A)
« SATA BOX(N4219B)
* Logic Analyzer(16900 Series)

* Full Automation not available
(RF Switch has problems— occurrence
of loss of signal integrity on Tx Test)

* RF Switch = Full Automation available

v" Added Equipment « BER can’'t measure
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3in 2012

SI Test Result @ SSD Real Operation lm

09/10/19 ~ 10/10/19

Mask Test

« Using the SATA-II 3Gbps Mask, the Eye Opening Margin of Device is measured.

* Not only SATA PHY, Eye Diagram is measured on real operation that is all operating a surround
circuit.
(It's diffe

ahead of /

C hange
=
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Signal Integrity On Real Operation e

09/10/19 ~ 10/10/19
Jitter Test

All jitter that inserted into the SSD is measured.

Doing “write/read” a vulnerable pattern of SATA Interface that is captured jitter value

Not only SATA PHY, Jitter is measured on real operation that is all operating a surround circuit.
(It's different SATA Compliance Test

Composite Histogram
I 1) BN R, P) N DD)

TJ : Total Jitter

- RJ : Random lJitter PJ : Periodic Jitter
|/1 l/| 11X F-Application / Flash Div.

DDJ : Data Dependent Jitter

aheadof/’f-
| c hange

7
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What is the different? :':'o?z

09/10/19 ~ 10/10/19

Eye Diagram Jitter Histogram

SATA-IO Electrical Compliance Test

Composite Histogram
N 7] B8 R), P EE DDJ

Composite Histogram
N 7 BN RJ, P) EN DDJ

Sor tion Result

A
I/I l/l I X F-Application / Flash Div. fidential




Standardization of SI On Real Operation :'2!,2

09/10/19 ~ 10/10/19
Standardization of SSD Signal Characteristics On Real Operation

« Various Character value is need to define comparing the real operation with the
Compliance Test.

Standardization of Host Signal Characteristics On Real Operation

* Necessary, not only SSD but Host need to define the steady character value.

« Now in used SATA Fixture it is impossible to signal capture during real operation.

» Software is need for CMD issue from Host to Device.

25

Signal Integrity Test Tool have to make base on Real Operation
= Need to expedite to make the New SI Tool

aheadof 7.
] Cghange
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Power Consumption :,,'2!,12

09/10/19 ~ 10/10/19

Power Consumption Measurement Method

MobileMark Manual with DVM

What's Problem?

Depend on SSD State & Battery Life Depend on SSD State & Long Term Test
-

h 4

Secure Erase CMD with ATA Protocol Long Term Test with Power Analyzer

h NWIX  F-Application / Flash Div. Confidential 34 7



Power Consumption Measurement Method M B L

=  MobileMark 2005 & 2007

* Major companies use to measure their

Notebook Battery life

» A measurement tool of the Notebook Battery

life by the General workloads

[
il L
\ L]
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i
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B
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l/l l/] 11X F-Application / Flash Div.

09/10/19 ~ 10/10/19 3in 2012

=  Manual with DVM

» Sequential and Random Read/Write Operation
measurement

= (Min. / Avg. / Max.) current value measures and
compares with DVM

This script is for checking power consumptio.
Choose one to run:
31 1R _tdle : Move to IDLE State

(2] TWR_stby : Move to STANDBY State

(71 PWR_rds : St tial Read i
- guential Bead Operation (1] PWR_sleep : Move to SLEEP State

(6] PWR_rdr : Random Read Operation (61 Quit ¢ Quit scrlpt

(5] PWR_wrs : Sequential Write Operation

(4] PWR_wrr : Random Write Operation

(3] PWR_idle : Move to IDLE State

[2] PWR_stby : Move to STANDBY State
(11 PUR_sleep : Move to SLEEP State
(8] Quit : Quit script

7 Use UP and DOWN to make a selection
! and then pre ENTER

Confidential



Mobile Mark Test Concept M 2

09/10/19 ~ 10/10/19 3in2012
System Requirements
/" 2005 .

cpU + Intel® Pentium® III processor running at 300 MH | ¢ Intel® Pentium® M processor 1600 MHz or eq
z or equivalent uivalent

Display setting + 1024x768, 16-bit color + 1024 x 768, 16-bit color

» Microsoft Windows XP with Service Pack 2 (32-
bit and 64-bit)

» Microsoft Windows Vista (32-bit and 64-bit)

* MobileMark 2007 is supported only on English
operating systems.

Hard drive space | » 3.0 GB free hard disk space » 30 GB free hard disk space

 Microsoft Windows XP with Service Pack 2
Operating These versions of Windows XP are supported: Chine
System se (Traditional) , Dutch, English, French, German, Ita
lian, Japanese, Portuguese, Spanish

DVD-ROM drive » Available  Available
Application

« Adobe® AcrobatReader 7.0

« Adobe® Illustrator® CS2

« Adobe® Photoshop® CS2

« Apple® Quicktime 7.1

* Intervideo® WinDVD® 8

» Macromedia® Flash 8

» Microsoft® Office® 2003 Pro
 Microsoft® Project 2003

* Winzip® 10.0

» Adobe® Photoshop® 6.0.1

e InterVideo® WinDVD® 6.0

« Macromedia® Flash 5.0

e Microsoft® Internet Explorer

e Microsoft® Office® 2002

* Netscape® Communicator® 6.01

« Network Associates® McAfee® VirusScan® 5.13
* WinZip Computing WinZip® 8.0

Applications

aheadof [

n 'Change
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Test Result (MobileMark & DVM)

Test Succeeded

The test completed successfully.
Results are available.

Test Setup

Mame of project: Productivity
Test performed: Productivity
Results

Battery life rating: 165 minutes
Ferformance rating: 450

Average response time:  0.54 seconds

Battery life at beginning of
test:

Battery life at end oftest 0%

100%

System Power Policy

This power palicy infarmation was reported by the 05 atthe beginning ofthe test,
These settings can be overridden by power management soffware or hardware.
See Mohilebark documentation for mare details.

Chosen Power Scheme

10 3

Fower source: Battery

*The 10 number represents the power scheme you have selected inthe Cortrol Panel | Power Options dialog. The first power scheme inthe list iz D, next is 1, ete.

Policy-Specific Settings

CPU power management

2 Mone {(Maximum Performance)
maode:

Global Settings
Flags:
+ Require a passwoard upan resume

« Dim the display backlight when running on DC power

Battery discharge power events:

Mo events configured - Battery discharge does not trigger power events

0

3in 2012

09/10/19 ~ 10/10/19

Manual with DVM

. 2565ectors (128KBytes)
equentia
; 256Sectors (128KBytes)
Read 1Sector (512Bytes
. ytes)
1Sector (512Bytes)

e e e
B
IS

m--

Sequential Read

Sequential Write

Db 290 / 311

s o

112

Sl sy

Random Write

S 180 / 201

In nn 1X F- Application / Flash Div. Confidential
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What's Problem? : MobileMark

= MobileMark measures battery life of the entire Notebook system.

0

3in 2012

09/10/19 ~ 10/10/19

= A kind of Notebook system, as well as the same Notebook system, has a different results.

Battery life rating:
Performance rating: 450

165 minutes

Average response time: 0.54 seconds
Battery life at beginning
of test:

Battery life at end of
test:

100%

System Power Policy

Thiz power policy information was reported by the O at the beginning of the test.
These settings can be overridden by povwer management softvware or hardware.
See Mobilehark documentation for more details

Battery life rating: 169 minutes
Performance rating: 426

Average responses time: 057 seconds
Battery lite at beginning

of test: s
Battery life at end of
test: kL

System Power Policy

This powwer policy information was reported by the OS at the beginning of the test.
These settings can be overridden by power management software or hardware
See MobileMark documentation for more details.

Hattery hfe rating: 146 minutes
Performance rating: 426

Average respons:s time: 0.7 seconds
Battery lite st beginning

of test: T
Battery lite st end of
test: Lo

Systermn Power Policy

This power policy information was reported by the O at the beginning of the test.
These settings can be overridden by povesr management softvare or hardwware
Zee MobileMark documentstion for more details.

Chosen Power Scheme

I
Povver source:

“The 10 wumbE T s b He powe T Sheme yon b s ok b the Corrol Fanel | Power Optons diakeg. The Mty

3+
Battery

Policy-Specific Settings

CPU posveer
management mode:

Global Settings

Flags:

Hone {(Maximum Performance’

Chosen Power Scheme

ICx
Poswver source:

“The [0 WME T Teprese biF the owber Soheme yon baw ¢ kokd b the Control Pans! | Powsr Opdon s diskg. The fretpon

3+
Battery

Policy-Specific Settings

CPU powwer
management mode|

Different System

+ Reguire a password upon resume
« Dimthe display backlight when running on DC power

Battery dischardge power events:

Ho events configured - Battery discharge does not trigger power events

System Configuration

CPU

kumber of CPUS:
htanufacturer:
kumber of Caches:
L1 Cache Size:
CPU Capahkilties:

Memory

Total Physical Memory:
Total Pagefile Memory:

hymix -

2
Intel{R) Core{TM}2 Duo CPU T7500 @ 2.20GHz
1

64 KB

MMX,CMOV, RDTSC,SSE,SSE2

1024 MB
¢ MB

Application / Flash Div.

Flags:

Hone (Maximum Performance)

= Require a password upon resume
«  Dim the display backlight when running on DG powswer

Battery dizcharge power events:

Ho events configured - Battery discharge does not trigger power events

System Configuration

CPU

Mumber. of CPUS:
manufacturer:
Mumber of Caches:
L1 Cache Zize:
CPU Capabilities:

Memony

Total Physical Memoary:
Total Pagefile Memory:

F
Intel(R) Core(TM)2 Duo CPU T7300 @ 2.00GHz
1

64 KB

MMX,CMOY ,RDTSC,5SE.SSE2

20453 MB
0 MB

Confidential

Chosen Power Scheme

IC::
Poswwver source:

3+
Battery

“The D WAMEe © repress bl the [owk: T ooheme wor bz £2kokd B e Control Pansl | Power Cptions dBkeg . The st

Policy-Specific Settings

CPU power
management mode:

Same System

Flags=s:

Hone (Maximum Performance}

=« Require s password upon resume
= Dim the display backlight wwhen running on DC pover

Battery dizcharge power everts:

Ho events configured - Battery discharge does not trigger power events

Systermn Configuration

CPu

hlumber of CRUS:
Manufacturer:
klumber of Caches:
L1 Cache Size:
CPU Capabilties:

Memony

Total Physical Memory:
Total Pagefile Memory:

2
Intel(R) Core(TM)2 Duo CPU TT300 & 2.00GHz
1

64 KB

MMX,CMOV.RDTSC,SSE,SSE2

2048 MB
0 MB
urnieuu Ul

"fc.‘mnge
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What's Problem? : Manual vs DVM lm 2

09/10/19 ~ 10/10/19 3in 2012

= The measured values depend on the status of the device

During a Dirty State operates Background Garbage Collection or Erase so it consumes more power than
a Clean state

Need to the Long Term (Clean State - Dirty State) measurement

unit * A
(ampere) Max : 0.343044

N
Min : 0.0929956

unit : ms

n 'éhange
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Standardization of Power Measurement Tool m P

09/10/19 ~ 10/10/19 3in 2012

[. Cann't believe the Mobile Mark & DVM Result

II. In lack of consistency, test method difference , Need to make
New tools & Please provide your ideas.

aheadof/-

n Change
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