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Full-Qual Main Part Result

Confidential |

Check | Check | o mplesi PE Read Dat Read ESF | Cross 70°C | Pass/Fail o B Lo
A A ample Size ea ata ea ross ’ ass/rai Fail Bit Level
LAt @I LAl e By Density | Cycle | Disturb | Retention | Temp |UYECC| PO | jpsk PO Result : ALl || KDL
number name Max Median
1DP : 49PKG 300 328 108
SOL | 2DP:24PKG | 300 336 108
CpP2 HTDR - 2.5year 25°C - - - . PASS
4DP : 15PKG 300 316 100
8DP : 23PKG 300 296 104
1DP : 50PKG 3K 236 84
EOL 2DP : 24PKG 3K 232 80
cP3 HTDR - Tyear 25°C - - - - PASS
4DP : 15PKG 3K 216 76
8DP : 23PKG 3K 212 80
1DP : 50PKG 3K 112 40
2DP : 25PKG 3K 124
cP11 ) EtOL - 1month 55°C ; - - ; PASS 36
atency | 4pp:15PkG | 3K 100 36
e . 8DP : 23PKG 3K 128 36 170
1DP : 50PKG 300 196 72 '
2DP : 24PKG 300 ) ) . B 220 68
cpaa | SO - tyear 85°C PASS
-18MP | 4DP : 15PKG 300 - - - . 196 64
8DP : 23PKG 300 228 64
1DP : 50PKG 3K 104 32
EOL | 2DP:25PKG 3K 108 32
CP4B T - - 85°C - - - - PASS
-lemp [ 4pp : 15PKG 3K 96 32
8DP : 24PKG 3K 128 32
1DP : 50PKG 3K 104 36
CP4C EOL 2DP | 25PKG X 15°C PASS 108 36
X-Temp | 4pp: 15PKG 3K 116 36
8DP : 24PKG 3K 140 40
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Full-Qual Main Part Result

Check Check 1 sample si PE Read Dat Read ESF | Cross 70°C | PassiFail | ol mntoos
q q ample Size ea ata eal ross ass/rai Fail Bit Level
Mode | QUAL | Point Point By Density | Cycle | Disturb | Retention | Temp |YECC| PO | /psk PO Result A LS
Max Median
LATENCY | 1DP :49PKG 300 100K 3month | CT30°C - - - - Pass 156 52
LATENCY 2DP : 24PKG 300 100K 3month CT 30°C - - - - Pass 184 52
CP8
LATENCY 4DP : 15PKG 300 100K 3month CT 30°C - - - - Pass 152 48
LATENCY 8DP : 25PKG 300 100K 3month CT 30°C - - - - Pass 164 52
LATENCY 1DP : 49PKG 3K 100K 1month CT 30°C - - - - Pass 152 48
LATENCY 2DP : 24PKG 3K 100K 1month CT 30°C - - - - Pass 204 48
CP9A
LATENCY 4DP : 13PKG 3K 100K 1month CT 30°C - - - - Pass 140 48
LATENCY | 8DP : 25PKG 3K 100K 1month | CT 30°C - - - - Pass 164 48
TLC 10 17.0
LATENCY 1DP : 49PKG 3K 100K 1month CT 30°C - - - - Pass 136 44
LATENCY | 2DP : 24PKG 3K 100K 1month | CT 30°C - - - - Pass 180 44
CP9C
LATENCY 4DP : 13PKG 3K 100K 1month CT 30°C - - - - Pass 132 40
LATENCY | 8DP:25PKG 3K 100K 1month | CT 30°C - - - - Pass 152 40
Erase Tolerance| 1DP : 49PKG 3K - 11months | CT 30°C - - - - Pass 240 92
Erase Tolerance| 2DP : 24PKG 3K - 11months | CT 30°C - - - - Pass 244 88
CP10
Erase Tolerance| 4DP : 12PKG 3K - 11months | CT 30°C - - - - Pass 244 88
Erase Tolerance| 8DP : 25PKG 3K - 11months | CT 30°C - - - - Pass 300 92




Full-Qual Main Part Result

Confidential

it s Check | gomple si PE Read Dat Read ESF | Cross 70°C | Pass/Fail Soectness
A A ample size ea ata ea ross P ass/ral Fail Bit Level
gt | Al el el By Density | Cycle | Disturb | Retention | Temp |[YECC| PO | jpsk PO Result : FW | Remark
number name Max Median
1DP : 48PKG 100K 12 4
EOL 2DP : 25PKG 100K 12 4
cP3 HTDR - 1year 25°C - - - - PASS
4DP : 15PKG 100K 16 4
8DP : 24PKG 100K 16 4
1DP : 49PKG 100K 16 4
2DP : 25PKG 100K 16 4
CP11 L Eto'- - 1month 55°C - - - - PASS
alency | 4pp : 15PKG 100K 16 4
8DP : 24PKG 100K 16 4
1DP : 48PKG 10K 12 4
SoL 2DP : 25PKG 10K i i ) i 12 4
sLc | 12 CP4A - - 1year 85°C PASS 17.0
-1€MP | 4Dp : 15PKG 10K - - - - 12 4
8DP : 24PKG 10K 12 4
1DP : 49PKG 100K 20 4
2DP : 25PKG 100K 16 4
crag | SO - ; 85°C - - - - PASS
-18MP | 4DP : 15PKG 100K 16 4
8DP : 24PKG 100K 16 4
1DP : 49PKG 100K 20 4
EOL 2DP : 25PKG 100K 20 4
CcP4C - - - -15°C - - - - PASS
-1emp | 4pp : 15PKG 100K 16 4
8DP : 24PKG 100K 24 4
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Full-Qual Main Part Result Confic et

iz iz Sample Size | PE Read Data Read ESF | Cross 70°C | Pass/Fail Correctness
i i 4 L Fail Bit Level
e || [HEl |- [P et By Density | Cycle | Disturb |Retention| Temp |YECC| PO | /psk PO Result || RO
number name Max Median
LATENCY 1DP : 50PKG 10K 100K 3month CT 30°C - - - - Pass 12 4
LATENCY 2DP : 31PKG 10K 100K 3month CT 30°C - - - - Pass 12 4
CP8

LATENCY 4DP : 20PKG 10K 100K 3month CT 30°C - - - - Pass 12 4
LATENCY 8DP : 15PKG 10K 100K 3month CT 30°C - - - - Pass 16 4
LATENCY 1DP : 50PKG 100K 100K 1month CT 30°C - - - - Pass 16 4
LATENCY 2DP : 31PKG 100K 100K 1month CT 30°C - - - - Pass 12 4

CP9A
LATENCY 4DP : 20PKG 100K 100K 1month CT 30°C - - - Pass 16 4

sLC 13 LATENCY 8DP : 15PKG 100K 100K 1month CT 30°C - - - Pass 16 4 17.0

LATENCY 1DP :50 PKG 100K 100K 1month CT 30°C - - - Pass 12 4
LATENCY 2DP : 31PKG 100K 100K 1month CT 30°C - - - Pass 16 4

CPOC
LATENCY 4DP : 20PKG 100K 100K 1month CT 30°C - - - Pass 16 4
LATENCY 8DP : 15PKG 100K 100K 1month CT 30°C - - - Pass 16 4
Erase Tolerance| 1DP : 48PKG 100K - 11months | CT 30°C - - - - Pass 20 4
Erase Tolerance| 2DP : 30PKG 100K - 11months | CT 30°C - - - - Pass 20 4

CP10
Erase Tolerance| 4DP : 20PKG 100K - 11months | CT 30°C - - - - Pass 20 4
Erase Tolerance| 8DP : 15PKG 100K - 11months | CT 30°C - - - - Pass 24 4

s
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Full-Qual Main Part Result

Check . o . Correctness
Mode| Flow Type point |SampleSize| PE | Read | Data | Read |,,-0q| pg | pgppsr | Cross 70°C (Pass/Fail Fail Bit Level FW | Remark
By Density | Cycle | Disturb | Retention| Temp PO Result -
Name Max Median
Type 1 1DP : 56PKG| 1 100K | 3months | CT 30C - - - - Pass 128 36
Type 2 1DP : 56PKG| 300 | 100K | 3months | CT 30T - - - - Pass 116 36
. 1month/ o
Type 3 1DP : 58PKG| 3K 100K 3months CT30C - - - - Pass 108 32
Type 1 2DP : 53PKG| 1 100K | 3months | CT 30C - - - - Pass 144 36
Type 2 2DP : 53PKG| 300 | 100K | 3months | CT30C - - - - Pass 128 36
Type 3 2DP:55PKG| 3K | 100k | 1Mo leraec| - | - - ; Pass 112 32
TLC 3months
Type 1 4DP : 46PKG| 1 100K | 3months | CT 30C - - - - Pass 112 36
Type 2 4DP : 46PKG| 300 | 100K | 3months | CT 30T - - - - Pass 128 36
. 1month/ o
Type 3 4DP : 51PKG| 3K 100K 3months CT30C - - - - Pass 108 32
Type 1 8DP : 49PKG| 1 100K | 3months | CT 30C - - - - Pass 120 32
Type 2 8DP : 49PKG| 300 | 100K | 3months | CT30C - - - - Pass 116 36
. 1month/ .
xeray Type 3 X-ray 8DP : 57PKG| 3K 100K 3months CT30C - - - - Pass 104 28 FW
Type 1 Tolerance | 1pp . 56PKG| 1 100K | 3months | CT30C | - - - - Pass 48 4 17.0
Type 2 1DP : 56PKG| 10K | 100K | 3months | CT 30C - - - - Pass 12 4
. 1month/ o
Type 3 1DP : 58PKG | 100K | 100K 3months CT30C - - - - Pass 12 4
Type 1 2DP : 53PKG| 1 100K | 3months | CT 30T - - - - Pass 20 4
Type 2 2DP : 53PKG| 10K | 100K | 3months | CT 30C - - - - Pass 16 4
Type 3 20P : 55PKG | 100k | 100k | 1Mo N oragc | - | - - ; Pass 20 4
sLc 3months
Type 1 4DP : 46PKG| 1 100K | 3months | CT 30C - - - - Pass 40 4
Type 2 4DP : 46PKG| 10K | 100K | 3months | CT 30C - - - - Pass 12 4
. 1month/ o
Type 3 4DP : 51PKG | 100K | 100K 3months CT30C - - - - Pass 32 4
Type 1 8DP : 49PKG 1 100K | 3months | CT 30C - - - - Pass 40 4
Type 2 8DP : 49PKG| 10K | 100K | 3months | CT 30C - - - - Pass 28 4
. 1month/ .
Type 3 8DP : 57PKG | 100K [ 100K | o> ' | CT30C | - - - - Pass 32 4 s‘&
ynix
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Full-Qual Main Part Result Con

Check Check . . Bitflip
Mode Point Point Sample S_lze PE I_Read Data' Read Pass/Fail Fail Bit Level FW Remark
By Density Cycle | Disturb | Retention Temp Result
Number Name Max Median
CP1 1DP : 60PKG - - Syears 25°C Pass 2 0
Boot Qual
CP2 1DP : 60PKG - - Syears 25°C Pass 2 0
CP1 2DP : 60PKG - - Syears 25°C Pass 2 0
Boot Qual
cP2 2DP : 60PKG - - Syears 25°C Pass 2 0 W
Boot Block 17.0
CP1 4DP : 60PKG - - Syears 25°C Pass 2 0 )
Boot Qual
CP2 4DP : 60PKG - - Syears 25°C Pass 2 0
CP1 8DP : 60PKG - - Syears 25°C Pass 2 0
Boot Qual
CP2 8DP : 60PKG - - Syears 25°C Pass 2 0
Pe
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TLC (SOL HTDR) - CP2

M Reliability Check points satisfied with checkpoint 2

TLC Checkpoint 2 ® Indepth Histogram (EW+HTDR 2.5Yr)
(Data Retention)
=)
HTDR 2.5Y 1E+001 ?
Correctness
Fail Bit Level 1E+000
(Indepth DEF)
1E+002
Max 328 B
EW 1E+001 ?
1DP 300 '
Median 108 1E£000
Ew Max 336 1E+002
2DP 300 . 5
Median 108 1E+001 "
1E+000
M
EW ax 316
4DP
300
Median 100 1E+002 o
v}
T
N Max 596 1E+001
8DP 300 1E+000
Median 104 ] 50 100 150 200 250 300 350 400 450 500 550 GO0

b
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Confidential

TLC (SOL HTDR) - CP2

M Reliability Check points satisfied with checkpoint 2

TLC Checkpoint 2 ® Hard Error Histogram (EW+HTDR 2.5Yr)

(Data Retention)

1.0E+007 > —
Test Result PASS 1.0E+0086 - 0 cP2
1.0E+005 ™

1 0E+004

HTDR 2.5Y 1.0E+003
Correctness 1 OE+002
Fail Bit Level 1.0E+001

(Hard Error) 1.0E+000

1.0E+007
1.0E+006
Max 20 1.0E+005
1.0E+D04

EW
1DP 1.0E+003
300 Median 4 1.0E6+002
1.0E+001
1.0E+D00

dal

daz

Max 20 1.0E+007
EW 1.0E+006
300 1.0E+D05
Median 4 1 0E+004
1.0E+003
1.0E+002

Max 1.0E+001
EW 20 1.0E+000

2DP

day

4DP

300 ) 1 OE+007 .

Median 4 1. 0E+006

1_0E+005

1.0E+004

Max 36 1.0E+003

8DP EW 1 0E+002

300 1.0E+001 .
Median 4 1.0E+D00 ——

das

by

>
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TLC (EOL HTDR) - CP3

M Reliability Check points satisfied with checkpoint 3

TLC Checkpoint 3 ® Indepth Histogram (EW+HTDR 1Yr+2week)
(Data Retention)
Test Result PASS
1E003 f A L )
EW HTDR 1Y HTDR 1Y+2week 1E+002 - {§ R =
Correctness % i % A ) : i T
Fail Bit Level 1E+001 &% & : ; TR ¢
(Indepth DEF) 97% | 100% | 100% | 100% | 97% |100% | 100% | 100% | 97% |100% | 100% | 100% 1E+000
1E+003 R
Max | 72 | 64 | 64 | 68 |232|232|236|236|256|268|260|260 1E+002 1§ ) s
1DP | EW3K fE01 4§ ?
Med |20|20/20/20|84|84|84|184|92|96|96 (100 1E+000
vax | 68 | 68 | 68 | 72 |228|224|224[232[252[252[252 (48| P ey
2DP | EW3K 1E+002 | %
Med |20/20/20/20|80|80|80|80|88|92|92]|92 1E+001 4} 4
1E+000
Max | 64 |64 |60 |64 |216/212|216|212|252|260|256|248 1E+003
4DP | EW 3K
1E+002 | % 3
Med |20|20|20/20|80|76|76|76|84|88|88|88 E401 4 & 3
Max | 84 | 72 | 84 | 84 |208|204|212|212|236|240|244|240 TE+000 &% %
8DP EW 3K 0 200 400 GOO O 200 400 GOO O 200 400 GO0 O 200 400 60O
Med |24|20|24|24|80|76|180|76|84|88|88|88

b
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Confidential

TLC (EOL HTDR) - CP3

M Reliability Check points satisfied with checkpoint 3

TLC Checkpoint 3 ® Hard Error Histogram (EW+HTDR1Yr)

(Data Retention)

1. 0E+007
Test Result PASS 1.0E+006
1.0E+005

1.0E+004

HTDR 1Y 1.0E+003
Correctness 1.0E+002

Fail Bit Level 1.0E+001

(Hard Error) 1.0E+000
1.0E+007

97% 100% 100% 100% @ CP3

dai

1.0E+006
1. 0E+005
Max 16 16 28 16 1.0E+004
1DP 1.0E+003
1.0E+002

Median 4 4 4 4 1.0E+001

1.0E+000
1.0E+007

Max 12 16 16 12 1.0E+~006
2DP 1 0E+005
Median 4 4 4 4 1 oEL00%

daz

1.0E+002

1. 0E+001
Max 16 16 16 16 1.0E+000
4DP 1.0E+007
Median 4 4 4 4 1OEooe

1.0E+005
1.0E+004

1.0E+003
Max 12 16 12 12 1_OE:OOZ
8DP 1.0E+001

Median 4 4 4 4 1 0E+000

das

.—""/ /
dar

o

50 100 O 50 100 O 50 100 O 50 100

b
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Confidential

TLC (EOL HTDR) - CP3

M Reliability Check points satisfied with checkpoint 3

TLC Checkpoint 3 ® Indepth Histogram_ADSP (EW+HTDR 1Yr)
(Data Retention)
97% 100% 100% 100%
1E+002 &% CP3_2WEEK _,
b ¥ : : ' § U
HTDR 1Y HTDR 1Y+2week 1E+001 ) o o & T
Correctness e & o
Fail Bit Level 1E+000 8 0 0 N
(Indepth ADSP) 100% | 100% | 100% 100% | 100% | 100% .
1E+002 | § 2! ! e
Max | 512 | 488 | 476 | 524 | 544 | 468 | 500 | 500 1E+001 & ¢ : 2
1DP EW 3K 1E+000 © & |
Med 80 | 80 | 80 | 80 | 88 | 92 | 92 | 92 °
Max | 416 | 480 | 560 | 496 | 436 | 464 | 544 | 484 1E+002 1% 3 0 0 &
2DP EW 3K 1E+001 8 e @ T
Med 76 | 76 | 76 | 76 | 84 | 84 | 84 | 84 1E+000 g ¢ s
Max | 476 | 444 | 432 | 452 | 468 | 464 | 416 | 448 1E+002 i ®
4DP EW 3K (4001 8 8 8 %
ved | 76 | 76 | 76 | 76 | 84 | 84 | 84 | 84 i g g
1E+000 - 8 8 g 8 i
Max 468 | 608 | 480 | 468 | 492 | 552 | 520 | 576 0 500 1000 0 500 1000 0 500 1000 0 500 1000
8DP EW 3K
Med 76 | 76 | 76 | 76 | 80 | 84 | 84 | 84
b

>
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TLC (Sequential Throughput) - CP11

M Throughput Test satisfied with checkpoint 11

® Throughput Measurement Table

Stack 1DP 2DP 4DP 8DP
Throuahout Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst
ghp Package Package Band Package Package Band Package Package Band Package Package Band
Initial
EW+RD100K+1month
(CT 30C)
1300 @ Avg 2000 2000 2000
1900
1200 @ Max 1900 1900 1800
i 1800 1800 1700 —— AV L6 SN
1100 .Mln . 1700 1600
1700 AV £51.7; D Mﬁm 1500
1000 1600 1600 1400
Q00 1500 1500 1300
VOB i Mbps, 1400 1400 1200
800 1100
1300 1300 1000 :
700 1200 1200 800 Min 850Mbps
800
600 1100 1100 700
1000 1000 600
500 Min 430Mbps so0 Min 850Mbps 900 Min 850Mbps 500
400 800 800 400
Throughput v=. Sam = = <
1300 2000 2000 2000
1200 © Avg 1900 1900 1900
@ Max 1800 1800 1800
1100 Min 1700 eI ECIEIIaaEIIYIaa, 1700 O iy W Wy Wy Wy Wy W 1700
1000 . 1600 Avg 1530M. . 1600 Avg 1530M... 1600 Awvg 1530M
1500 1500 1500
900 1400 1400 1400
800 e e — A AT 1300 1300 1300
1200 1200 1200
700 1100 1100 1100
600 1000 1000 1000
500 200 900 200
800 800 800
400 70O 700 700
300 G600 600 600 :
Min 215Mbps 500 Min 425Mbps 500 Min 425Mbps 500 Min 425Mbps

200 400 400 400
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TLC (RR Throughput) — CP11

M Throughput Test satisfied with checkpoint 11

® Throughput Measurement Table

Stack 1DP 2DP 4DP 8DP
Throuahout Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst
ghp Package Package Band Package Package Band Package Package Band Package Package Band
Initial
EW+RD100K+1month
(CT 30C)
200 o Avg 300 300 300
RCEEAC LR RN R RRe
180 i@ Max 280 280  TRMMMEMNORC MMM Ry T 280
160 @ Min =60 260 260
140 240 240 240
120 =20 220 220
200
200 200
100 180 Avg 180Kl Avg 180KIO
80 RIS 160 - 180 180
&0 140 160 160
Min 39.5KIO... 120 140 140
40
100 120 120
20 Min 77 SKIO Min 100KIO Min 100KIO
80 100 100
200 300 300 300
© Avg 280 20 MEARARABAR RS 50 TRIETCIEARAMICLELTRCIRD
180
L M?x 260 260 260
160 @ Min 240 240 240
140 220 220 220
120 200 200 200
180 180 Avg 160KI 180 Avg 160KIO
100 180 QUCEARARARAERCRLARERATERD, 160 i 160 b
80 SRR rm—, Ave 124KIOPs 140 140
120
120 120
o 100
100 100
40 80
Min 19 75KI 50 80 80
20 Min 38.75KI... 60 Min 50KIOPs 60 Min 50KIOPs
40

40 40
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TLC (EOL Latency) — CP11

M Read latency satisfied with checkpoint 11

® Indepth Histogram (EW+1Month)
EW + Read 100K + 1Month 7% 100% 100% 100%
1E+003 gewcvc
ITEM Stack i A Worst Average CP11 )
R | o %
Dies S5E Die Dies 1E+UU1
tR<160us 1E+000
1E+003
1DP 3K {R<200us TBD
1E+002 N
tR<1300us TBD g
1E+001
{R<160us TBD 1E+00
2DP 3K tR<200us TBD 1E+003
CP11 tR<1300us TBD 1E+002 s
T 5
60'C) tR<160us TBD 1E+001
4DP 3K {R<200us TBD 1E+000
tR<1300us TBD 1E+003
1E+002 G
tR<160us TBD 3
1E+001
DP K R<2 TBD
8 3 t 00us 1E000
(R<1300us | TBD 0 200 400 6000 200 400 G000 200 400 600 0 200 400 600

e
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TLC (SOL X-Temp) — CP4A

M Reliability Check points satisfied with checkpoint 4A

® Indepth Histogram (EW+100°C Cross Temp)

a7% 100% 100% 100% @ EW

TLC Checkpoint 4A @ CP4a
(X-Temp; 1E+003 @ CP4A_2WEEK
1E+002 .
1E+000
o 100°C Cross Temp
Correctness =W S Eeei 12 +2Week 1E+003
Fail Bit Level E+002 "
(Indepth DEF) 97% |100% | 100% | 100% | 97% |100% | 100% | 100% | 97% |100% | 100% | 100% 2
1E+001
1E+000
Max | 72 | 64 | 64 | 68 [196]196]192|192|212/208|216|208
1DP g(\)/g 1E+003
Med |20(20|20|20|72|72|72|72|76|76|76|76 1E+002 5
1E+001 ?
e Max | 68 | 68 | 68 | 72 |204|212/|220|216|220|228|228|236 E+000 1
2DP
300 1E+003
Med | 2020202068 |68 |68 |68|72|76|76|76 '
1E4002 3
0
Max | 64 | 64 | 60 | 64 |184|184|196|188|212|216|212|212 1E+001
aop | N 1E+000 :
Med |20[20|20|20|64|64|64|64|68|72|72|72 0 200 400 600 0 200 400 600 O 200 400 600 0 200 400 600
Max | 84 | 72 | 84 | 84 |212|208/|228|220|228|216|224|204
sop | EW

300
Med |24 120|124 |24 |64 |64|68|64|68|68|72|72

b
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TLC (SOL X-Temp) — CP4A

M Reliability Check points satisfied with checkpoint 4A

® Hard Error Histogram (EW+100°C Cross Temp)
TLC Checkpoint 4A a7%

(X-Temp) 1.0E+007 1
1_0E+006 D CP4a

1. 0E+005
Test Result PASS 1 0E+~004 | 1 | |

1.0E+003
100°C Cross Temp

100% 100% 100%

dal

1.0E+002 & ] 4 &
1.0E+001 3

Correctness .
Fail Bit Level 1.0E+000 \/

(Hard Error) 1.0E+007 H . i
1.0E+006

1.0E+005
1_0E+004
Max 1.0E+003
1DP EW 8 8 28 8 1.0E+002 |
300 1.0E+001
Median 0 0 0 0 1.0E+000
1.0E+007 . o H H
1 0E+006
Max 8 8 8 8 1.0E+005
2DP EW 1.0E+004
300 ) 1.0E+003
Median 0 0 0 0 1.0E+002 | 1 ) 1
1_0E+001
1.0E+000 o
EW Max 8 8 16 8 1.0E+007 1 1 1 1
4DP 1 0E+006
300 . 1.0E+005 | { 1| l
Median 0 0 0 0 1 OE+004

1. 0E+003
1.0E+002 | ! 3 i
o Max 8 12 16 8 eavee \
8DP 300 1.0E+000 1 |
Median 0 0 0 0 0 50 100 0 50 100 0 50 100 0 50 100

daz

dar

das

by

>
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TLC (SOL X-Temp) — CP4A

M Reliability Check points satisfied with checkpoint 4A

I ® Indepth Histogram_ADSP (EW+100°C Cross Temp)
-Temp
97% 100% 100% 100%
@ CP4a_2WEEK
100°C Cross Temp 100°C Cross Temp 1E+002 | [ | 6
Correctness +2Week | ] 8 8 T
Fail Bit Level
(Indepth ADSP) oo | 100% 1E+000
8
Max | 492 | 496 | 436 | 432 | 404 | 408 | 436 | 452 1E+002 l | : : U
1DP g(\)lg L ] 8 8 L
Median | 60 | 60 | 60 | 60 | 68 | 68 | 68 | 68 1E+000 ] i
Max | 484 | 564 | 512 | 500 | 496 | 528 | 516 | 456 $ § $
2DP E(‘)’E’) 1E+002 r ] ] ) %
Median | 56 | 56 | 56 | 60 | 64 | 64 | 64 | 64 ' ! ! H E
1E+000 .
Max | 460 | 452 | 588 | 572 | 456 | 488 | 572 | 656
P | o 1£+002 } 3 ’ ’ @
Median | 56 | 56 | 56 | 56 | 64 | 60 | 64 | 60 | ! | ' g
5 ’ ’ 4 T
o Max | 544 | 588 | 512 | 516 | 544 | 480 | 532 | 524 1E+000
80P | 300 0 500 10000 500 10000 500 10000 500 1000
Median | 56 | 56 | 56 | 56 | 60 | 60 | 60 | 60

b

>
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TLC (EOL X-Temp) — CP4B

M Reliability Check points satisfied with checkpoint 4B

TLC ?;ﬁr(;kn[::;nt4B ® |Indepth Histogram (EW + 100°C Cross Temp)
97%
genor
@®cPiB
S EW 100°C Cross Temp 1E£002 %
Fail Bit Level 1E+001
(Indepth DEF) 97% | 100% | 100% | 100% | 97% | 100% | 100% 1E+000
1E+003
W Max 72 64 64 68 100 | 104 | 100 | 100 1E+002 5
1DP 3K . 1E+001 ’
Median 20 20 20 20 36 32 36 36
1E+000
Ew Max 68 68 68 72 96 100 | 108 | 104 1E+003
2bP 3K _ 1E+002 5
Median 20 20 20 20 32 32 32 32 3
1E+001
Ew Max 64 64 60 64 96 88 92 92 1E+000
4DpP 3K 1E+003
Median 20 20 20 20 32 32 32 32
1E+002 5
Ew Max 84 72 84 84 116 | 112 | 128 | 124 1E+001 i
8DP
o Median 24 20 24 24 32 32 32 32 1E+000
400 600 0 400 600 0 400 600 0 400 600
be.
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Confidential

TLC (EOL X-Temp) — CP4B

M Reliability Check points satisfied with checkpoint 4B

TLC Checkpoint 48 ® Hard Error Histogram (EW + 100°C Cross Temp)

(X-Temp)
97 % 100% 100% 100%
Test Result PASS roEeor @ CP4B
1.0E+006
1.0E+005
100°C Cross Temp 1.0E+004 =)
Correctness 1 OE+003 v
Fail Bit Level 1 OE+002
(Hard Error) 100% 100% 100% 1 0OE+001
1.0E+007
1.0E+006
EW Max 4 4 4 4 1 0E+005
1DP 3
3K 1 0E+004 B}
Median 0 0 0 0 1.0E+003
1. 0E+002
1. 0E+001
Max 4 4 4 4 1.0E+007
2DP EW
3K 1 0E+006
Median 0 0 0 0 1.0E+005 .
1. 0E+004 %
1. 0E+003
EW Max 4 4 4 4 1.0E+002
4DP 3K 1.0E+001
Median 0 0 0 0 1.0E+007
1 0E+006
1.0E+005 -
EW Max 4 4 12 4 1 OE+004 5
8DP 3K 1.0E+003
Median 0 0 0 0 1.0E+002
1.0E+001
0 50 100 0 50 100 O 50 100 0 50 100

b

>
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Confidential

TLC (EOL X-Temp) — CP4C

M Reliability Check points satisfied with checkpoint 4C

TLE Checkpoint 42 ® Indepth Histogram (EW+100°C Cross Temp)
-Temp
® cvcrc
P EW 100°C Cross Temp 1E+002 ® CPaC %
Fail Bit Level E+001
(Indepth DEF) 100% | 100% | 100% | 97% | 100% | 100% 1E+000
1E+003
Ew Max 72 64 64 68 104 | 100 | 100 | 104 1E+(02 B
1DP 3K "
. 1E+001
Median 20 20 20 20 36 36 36 36
1E+000
Ew Max 68 68 68 72 104 | 108 | 108 | 108 1E+003
2bP 3K , 1E+002 5
Median 20 20 20 20 36 36 36 36 3
1E+001
Ew Max 64 04 60 64 112 | 116 | 108 | 116 1E+000
4DP 3K 1E+003
Median 20 20 20 20 36 36 36 36
1E+002 5]
Ew Max 84 72 84 84 136 | 136 | 140 | 132 1E+001 °
8DP
| Medien | 24 | 20 | 24 | 24 | 40 | 40 | 20 | 40 1E+000
400 600 0 400 600 0 400 600 0 400 600
be.
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TLC (EOL X-Temp) — CP4AC

M Reliability Check points satisfied with checkpoint 4C

TS e ® Hard Error Histogram (EW + 100°C Cross Temp)
gemp 97 % 100% 100% 100%

1.0E+007 O i i
Test Result PASS 1.0E+0086 ) CP4C
1. 0E+005

1.0E+004
100°C Cross Temp 1.0E+003 | 1 | i
Correctness 1.0E+002
Fail Bit Level 1.0E+001
(Hard Error) 100% 100% 100% 1.0E+000
1.0E+007 . . i i
1 0E+D06
1 0E+005

Max 4 4 4 4 1.0E+004

dal

dac

1DP EW 1.0E+003 . 1 1 1

3K ) 1.0E+002
Median 0 0 0 0 1 0OE+001

1.0E+000

1.0E+007 .+ { H {
W Max 4 4 4 4 1.0E+006
>DP o 1.0E+005

. 1 0E+D04
Median 0 0 0 0 1.0E+003 : - -
1.0E+002
1.0E+001

Max 4 4 4 4 1 0E+000
4DP EW 1.0E+007 | 1 | 1

3K
_ 1.0E+006
Median 0 0 0 0 1.0E+005
1.0E+004 5
1.0E+003
Ew Max 4 8 16 8 1 0E+002
8DP 1.0E+001 -

3K
. 1.0E+000 o 4
Median 0 O O O o] 50 100 O 50 100 O 50 100 O 50 100

day

b

>
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Confidential

TLC (Sequential Throughput) — CP8

M Throughput Test satisfied with checkpoint 8

® Throughput Measurement Table

Stack 1DP 2DP 4DP 8DP
Throuahout Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst
ghp Package Package Band Package Package Band Package Package Band Package Package Band
Initial
EW+RD100K+3month
(CT 30C)
1300 2000 2000 2000
1200 @ Avg 1900 1900 1900
® Max 1800 1800 1800
1100 . 1700  EEANEEEREERERRR =TT 16T 5R 1700 - RS R AT 1 6 15 M 1700 EECSSSeEERaRtese AVILL6 1S5 M
® Min 1600 1600 1600
1000
1500 1500 1500
990 SRRV S RN NA N [+]o 1N 1400 1400 1400
800 1300 1300 1300
1200 1200 1200
700 1100 1100 1100
600 1000 : 1000 . 1000 :
Q00 Min 850Mbps Q00 Min 850Mbps Q00 Min 850Mbps
500 Min 430Mbps 800 800 800
400 TOO0 70O 700
800 600 600
300 500 500 500
200 400 400 400
1300 O Avg 2000 2000 2000
Max 1900 1900 1900
1200 @ . 1800 1800 1800
1100 @ Min 1700 @ 1700 | R NN NSNS 1700 KEKALALLALLLLAARAAAAKAING.
1000 1600 Avg 30 1600 Avg 1530M .. 1600 Aovg 1530M
1500 1500 1500
200 1400 1400 1400
800 Avgiar P 1300 1300 1300
1200 1200 1200
700 1100 1100 1100
600 1000 1000 1000
900 900 900
500 800 800 800
400 700 700 700
600 600 600
300 Min 215Mbps 500 Min 425Mbps 500 Min 425Mbps 500 Min 425Mbps

200 400 400 400




Confidential

TLC (RC Throughput) — CP8

M Throughput Test satisfied with checkpoint 8

® Throughput Measurement Table

Stack 1DP 2DP 4DP 8DP
Throuahout Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst
ghp Package Package Band Package Package Band Package Package Band Package Package Band
Initial
EW+RD100K+3month
(CT 30C)
1300 2000 2000 2000
1200 @ Avg 1900 1900 1800
® Max 1800 1800 1800
1100 ® Min 1700 - CENCCENCUEEEEREEEE 7~ 7 TS5 1700  CEEISISISISIEIETETA Vg 615N e 1700 EEEEREEEEEEEEEET ATV 16 15N
1000 1600 1600 1600
1500 1500 1500
200 T T——————— Y 9L S LIPS, 1400 1400 1400
800 1300 1300 1300
1200 1200 1200
700 1100 1100 1100
600 1000 : 1000 . 1000 _
000 Min 850Mbps 900 Min 850Mbps a00 Min 850Mbps
500 Min 430Mbps 800 800 800
400 700 700 700
600 600 600
300 500 500 500
200 400 400 400
1300 o Avg 2000 2000 2000
1200 @ Max 1900 1900 1900
. 1800 1800 1800
1100 @ Min 1700 CEECICICELCCCLTCTCLCCCCED 1700 s qeeaatanctaaes 1700 =
1000 1600 Aovg 15300 1600 Avg 1530M 1600 Aovg 1530M
1500 1500 1500
200 1400 1400 1400
500 SR S T A A RS 1300 1300 1300
1200 1200 1200
700 1100 1100 1100
800 1000 1000 1000
900 900 900
500 800 800 800
400 Fgele] Fgsle] Fgsle]
800 800 800
s00 Min 215Mbps 500 Min 425Mbps 500 Min 425Mbps 500 Min 425Mbps

200 400 400 400



Confidential

TLC (RR Throughput) — CP8

M Throughput Test satisfied with checkpoint 8

® Throughput Measurement Table

Stack 1DP 2DP 4DP 8DP
Throuahout Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst
ghp Package Package Band Package Package Band Package Package Band Package Package Band
Initial
EW+RD100K+3month
(CT 30C)
200 A 300 300 300
\ AL LTIl il il il illl L3
180 © Avg 280 280 | RTINS NI TN 280
® Max 260
160 . Mln 260 260
140 240 240 240
220
120 oo 220 220
200 200
100 180 Avg 180K, Avg 180KIO...
80 e - . 160 o 180 180
160 160
60 140
Min 39.5KIO... 120 140 140
40
100 120 120
20 Min 77.5KIO... Min 100KIO. .. Min 100KIO...
80 100 100
® Throughput vs. Sample(PKG) (EW+RD100K+3Months)
200 ©Avg 300 300 300
180 @ M:’c!X 280 280 | Mgt IR TG 280 SRERLTILLTERTA LT LALIARL L.
@ Min 260 260 - . 260
160 240 240 240
140 220 220 220
200
120 o 200 200
180 Avg 160K 180 Avg 160KIO
100 160 160 160
-
80 RNy rae-, 140 @Y 124KIOPs 140 140
60 - :Eg 120 120
100 100
40 80
Min 19.75KI... 60 80 80
20 Min 38 75KI G0 Min 50KIOPs G0 Min 50KIOPs
40

40 40



Confidential

TLC (16K RR Throughput) — CP8

M Throughput Test satisfied with checkpoint 8

® Throughput Measurement Table

Stack 1DP 2DP 4DP 8DP
Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst
Package Package Band Package Package Band Package Package Band Package Package Band

Throughput

Initial

EW+RD100K+3month
(CT 30C)

® Throughput vs. Sample(PKG) (Initial)

100 150 150 150
os @ Avg 140
20 140 140

@® Max
e P 130 130 130
so @ Min 120
75 120 120
70 110
65 110 110
&0 100
55 90 100 aeaaeeccccsceenee 100 eI LLTCCCCCCCCCCRN,
50 Avg 89.1KI. .. Avg 90KIOPs
a5 80 a0 Q0
40 70
ORI N T e e N A O AvOaS8.SKl-m = °°
30 60 70 70
25 : 50
>0 Min 16 5KIO 50 60
15 40 Min 32 5KIO. .. Min 49 5KI... Min S0KIOPs
10 30 S50 50
Throughput vs. Sample (1DP) Throughput vs. Sample (2DP) Throughput vs. Sample (4DP) Throughput vs. Sample (BDP)

100 D Avg 150 150 150
gg @ Max 140 140
ss @ Min 130 130 130
?g 120 120
70 110 110 110
65 100 eawtattateaae%N% 100 @eefeCeetEeetetetaqaatas:
60 90 90 90
55 Avg 79 2KI Avg BOKIOPSs
50 6 80 80
45 m&-mmg"&- FOo 70
40 Avg 52KIOPS o
35 60
30 OO A G 2L A KO S0

50 50

25
20 230 40 40
15 Min 8 25KIO Min 16.25KI... 30 Min 24 75K, .. 20 Min 25KIOPs

10 10 20 20




Confidential

TLC (Read Scan) — CP8
M Read Scan satisfied with checkpoint 8

® Read Scan Histogram (EW) ® Read Scan Histogram (EW + RD 100K + 3Months)

1DP 2DP 1DP 2DP
100 100

® Status 0 ® Status 0
80 ® Status _1 80 @ Status _1

60 60

40 40

20 20

4DP 8DP 4DP 8DP

100 100

80 80

60

% of Total count of ScanGrade)
% of Total count of ScanGrade)

60
40 40

20 20

0 . I 0 Ml _|.
170 175 180 185 190 195 200 205 210 170 175 180 185 190 195 200 205 210 170 175 180 185 190 195 200 205 210 170 175 180 185 190 195 200 205 210

D
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Confidential

TLC (SOL Latency) — CP8

M Read latency satisfied with checkpoint 8

EW + Read 100K + 3Month

Average Worst ﬁ:zﬁge
All S5E Case Worst S;,E
Dies S5E Die Dies
— ® Indepth Histogram (EW + RD 100K + 3months)
< us
tR<200us TBD 7% 100% 100% 100%
1DP 1E+003
tR<1300us TBD
1E+002 o
1] ] ] T
tR<10.5ms TBD 1E+001 4% % 1 ] I %
3 \ 4 A
tR<160us TBD 1E+000 )
1E+003
tR<200us TBD 003 .
2DP o
tR<1300us TBD 1E+001 § § § §
cr tR<10.5ms | TBD 1E+000
(CT 30C) 1E+003
tR<160us TBD
1E+002 5]
@ L] )
tR<200us TBD 1E+001 L] % % %
4DP
tR<1300us | TBD 1E+000 %7 b ¥ %
1E+003
tR<10.5ms TBD
1E+002 5]
{Rs160us | TBD 1E+001 & § ¢ i v
tR<200us TBD 1E+000 & ®
8DP 0 200 400 600 O 200 400 GOO O 200 400 GOO O 200 400 60O
tR<1300us TBD .
tR<10.5ms TBD www.skhynix.com SK’ﬁynix




Confidential

TLC (Sequential Throughput) — CP9A

M Throughput Test satisfied with checkpoint 9A

® Throughput Measurement Table

Stack 1DP 2DP 4DP 8DP
Throuahout Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst
ghp Package Package Band Package Package Band Package Package Band Package Package Band
Initial
EW+RD100K+1month
(CT 30C)
1300 2000 2000 2000
1200 o Avg 1900 1900 1900
® Max 1800 1800 1800
1100 @ Min 1700  CEACCEOEECEEEEEN VT TSTSMM 1700 - SN S A TG T 6 TSN 1700 - R S A VO 1615 e
1000 1600 1600 1600
1500 1500 1500
Q00 A bos 1400 1400 1400
200 1300 1300 1300
1200 1200 1200
700 1100 1100 1100
600 1000 : 1000 . 1000 :
Q00 Min 850Mbps Q00 Min 850Mbps Q00 Min 850Mbps
500 Min 430Mbps 800 800 800
400 700 Fgels] 700
6800 600 600
300 500 500 500
200 400 400 400
1300 @ Avg 2000 2000 2000
1200 | @ Max 1900 1900 1900
@ Min 1800 1800 1800
1100 1700 1700 | RSO SN NSNS 1700 AL AL
1000 1600 Avg 30 1600 Avg 1530M 1600 Avg 1530M
1500 1500 1500
7 TSI TR Lo a0 1500
200 A s P 1300 1300 1300
1200 1200 1200
700 1100 1100 1100
600 1000 1000 1000
900 900 900
500 800 800 800
400 700 T0oO0 700
600 600 600
300 Min 215Mbps 500 Min 425Mbps 500 Min 425Mbps 500 Min 425Mbps

200 400 400 400




Confidential

TLC (RC Throughput) — CP9A

M Throughput Test satisfied with checkpoint 9A

® Throughput Measurement Table

Stack 1DP 2DP 4DP 8DP
Throuahout Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst
ghp Package Package Band Package Package Band Package Package Band Package Package Band
Initial
EW+RD100K+1month
(CT 30C)
1300 2000 2000 2000
1200 @ Avg 1900 1900 1900
® Max 1800 1800 1800
1100 ® Min 1700  CEECEECEECEEEEER E7g 16158 1700  CEENEHESELEISIEISLEEYATI] G TSNWe 1700 AT TS TS N
1000 1600 1600 1600
1500 1500 1500
00 rETET———— Y9, 8NP, 1400 1400 1400
800 1300 1300 1300
1200 1200 1200
700 1100 1100 1100
600 1000 . 1000 : 1000 .
Q00 Min 850Mbps 200 Min 850Mbps Q00 Min 850Mbps
500 Min 430Mbps 800 800 800
400 700 700 700
600 600 600
300 500 500 500
200 400 400 400
1300 @ Avg 2000 2000 2000
1200 '@ Max 1900 1900 1900
® Min 1800 1800 1800
1100 1700  CEEECCICMCCCrEaCEqEEEECaa 1700 W‘;’ 1700
1000 1600 Avg 1530M 1600 Avg 1530M - 1600 Aovg 1530M
1500 1500 1500
800 1400 1400 1400
800 AvgrrAMbP 1300 1300 1300
1200 1200 1200
700 1100 1100 1100
600 1000 1000 1000
200 200 200
500 800 800 800
400 700 700 700
600 600 600
300 Min 215Mbps 500 Min 425Mbps 500 Min 425Mbps 500 Min 425Mbps

200 400 400 400




Confidential

TLC (RR Throughput) — CP9A

M Throughput Test satisfied with checkpoint 9A

® Throughput Measurement Table

Stack 1DP 2DP 4DP 8DP
Throuahout Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst
ghp Package Package Band Package Package Band Package Package Band Package Package Band
Initial
EW+RD100K+1month
(CT 30C)
® Throughput vs. Sample(PKG) (Initial)
200 © Avg 300 300 300 (
180 @ Max 280 280 MRy ey o e, 250 - TUAISLILALLtTITTIAKAANN:
160 i@ Min 260 260 260
140 240 240 240
120 EEE 220 220
200 200
100 180 Avg 180KI Avg 180KIO
80 180 180

160 Seatttettuqteeattsqteeann,
k TG 130 5K 160 160

80 140
Min 39 5KIO. .

120 140 140
40
100 120 120
20 Min 77 5KIO Min 100KIO. .. Min 100KIO
80 100 100
Throughput vs. Sample (1DP) Throughput vs. Sample (Z2DP) Throughput vs. Sample (4DP) Throughput vs. Sample (8DP)
200 300 300 300
© Avg 280 280 RAAAAARALSALRARALT 280 CEEERAIARAATXCTEEESERERRS
180 . Max @
Mi 260 260 260
160 @ Min 240 240 240
140 220 220 220
200
120 50 200 200
100 180 Avg 160Kl 180 Avg 160KIO
160 Ry R Ay i R R e iy 160 160
80 140 Avg 124KIOPs 140 140
I a 3 120
60 - 120 120
100
100 100
40 80
Min 19.75KI... 60 80 80
20 Min 38.75KI... 60 Min SO0KIOPs 60 Min SO0KIOPs
40

40 40



Confidential

TLC (16K RR Throughput) — CP9A

M Throughput Test satisfied with checkpoint 9A

® Throughput Measurement Table

Stack 1DP 2DP 4DP 8DP
Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst
Package Package Band Package Package Band Package Package Band Package Package Band

Throughput

Initial

EW+RD100K+1month
(CT 30C)

® Throughput vs. Sample(PKG) (Initial)

100 150 150 150
o5 @ Avg 140
140 140
gg @ Max 130
80 . Mln 150 130 130
75 120 120
70 110
85 110 110
100
60
55 90 100 gy e e N N R A S B Ay 100
50 h Avg 89 1K Avg 9OKIOPs
45 80 90 90
40 70
35— R Do - AVOR5E:5KlL 8o 80
30 60 70 70
25
%0 Min 16.5KIO. .. 50 60 60
15 40 Min 32 5KIO. . Min 49 5KI Min S0KIOPs
10 30 50 50

® Throughput vs. Sample(PKG) (EW+RD100K+1Month)

100 150 150 150
a5 D Avg
140 140
9 @ Max
85 N 130 130 130
?g ® Min 120 120
™ 110 110 110
65 100 g o oo o o i o oS ST T o O 100
60 90 90 90
55 Avg 79 2KI Avg BOKIOPS
50 o 80 80
45
40 W 7O 70
35 50 60 60
gg Lo g el e T s0 50
20 230 40 40
15 Min 8 25KI0O Min 16 25KI 30 Min 24 75K 30 Min 25KIOPs

10 10 20 20



Confidential

TLC (Read Scan) — CP9A
M Read Scan satisfied with checkpoint 9A

® Read Scan Histogram (EW) ® Read Scan Histogram (EW + RD 100K + 1Month)

1DP 2DP 1DP 2DP

100

® Status 0 ® Status 0
80 ® Status _1 80 @ Status _1

60

100

60

40 40

20 20

4DP 8DP 4DP 8DP

100 100

80 80

% of Total count of ScanGrade)
% of Total count of ScanGrade)

60 60

40 40

20 20

0 0 | |
1 1 . .
170 175 180 185 180 195 200 205 210 170 175 180 185 180 195 200 205 210 170 175 180 185 180 195 200 205 210 170 175 180 185 180 195 200 205 210

D
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TLC (EOL Latency) — CP9A

M Read latency satisfied with checkpoint 9A

EW + Read 100K + 1Month

Average Worst ﬁ:z:ge
All S5E Case Worst S;,E
Dies S5E Die Dies
p—— ® Indepth Histogram (EW + RD 100K + 1month)
97% 100% 100% 100%
op tR<200us TBD 1E+003 . INITIAL
tR<1300us TBD 1E+002 @ CPoA ]
12001 O R $ it °
tR<10.5ms TBD 8 &
14000 § & t b {
tR<160us TBD 1E003
tR<200us TBD 1E+002 B
20P 1E2001 4 i i ¢ K
tR<1300us TBD
1E+000 %
CPOA tR<10.5ms TBD 1E+003
(CT30C) tR<160us TBD 1E+002 3 ¥ &
]
1E+001 &4 & 8 B HR K
tR<200us TBD ] H i %
. 1E+000 1 & 4
tR<1300us TBD 1E+003
tR<10.5ms TBD 1E+002 g
& -] [} 0
1E+001 ¢ § § g
tR<160us TBD
1E+000
tR<200us TBD 0 200 400 6000 200 400 600 O 200 400 600 0 200 400 600
8DP
tR<1300us TBD B
tR<10.5ms TBD www.skhynix.com SK’ﬁynix




Confidential

TLC (Sequential Throughput) — CP9C

M Throughput Test satisfied with checkpoint 9C

® Throughput Measurement Table

Stack 1DP 2DP 4DP 8DP
Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst
Throughput
Package Package Band Package Package Band Package Package Band Package Package Band
Initial
EW+RD100K+1month
(CT 30C)

1300 2000 2000 2000
1200 o AVg 1900 1900 1900
® Max 1800 1800 1800

1100 @ Min 1700  CEACCEOEECEEEEEN VT TSTSMM 1700 - SN S A TG T 6 TSN 1700 - R S A VO 1615 e
1000 1600 1600 1600
1500 1500 1500
Q00 A bos 1400 1400 1400
800 1300 1300 1300
1200 1200 1200
700 1100 1100 1100

800 1000 . 1000 ! 1000 -

Q00 Min 850Mbps Q00 Min 850Mbps Q00 Min 850Mbps
500 Min 430Mbps 800 800 800
400 700 Fgels] 700
600 600 600
300 500 500 500
200 400 400 400

® Throughput vs. Sample(PKG) (EW+RD100K+1Month)

1300 2000 2000 2000

1200 @ Avg 1900 1900 1900
® Max 1800 1800 1800
1100 ® Min 1700 1700 - Oy WU W R U0 O R 1700
1000 1600 Ao 0 1600 Acvg 1530M 1600 Avg 1530M

1500 1500 1500
900 1400 1400 1400
800 N N A P A D P o 1300 1300 1300
1200 1200 1200
700 1100 1100 1100
600 1000 1000 1000
900 900 900
500 800 800 800
400 700 700 700
600 600 600

300 Min 215Mbps 500 Min 425Mbps 500 Min 425Mbps 500 Min 425Mbps

200 400 400 400



Confidential

TLC (RC Throughput) — CP9C

M Throughput Test satisfied with checkpoint 9C

® Throughput Measurement Table

Stack 1DP 2DP 4DP 8DP
Throuahout Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst
ghp Package Package Band Package Package Band Package Package Band Package Package Band
Initial
EW+RD100K+1month
(CT 30C)
1300 2000 2000 2000
1200 @ Avg 1900 1900 1900
® Max 1800 1800 1800
1100 @ Min 1700 CEEIEEIERCEEEEEN ST 16150 1700  CEENEHESELEISIEISLEEYATI] G TSNWe 1700 W ATGE T 6 TS T
1000 1600 1600 1600
1500 1500 1500
00 rETET———— Y9, 8NP, 1400 1400 1400
800 1300 1300 1300
1200 1200 1200
700 1100 1100 1100
600 1000 : 1000 ! 1000 .
Q00 Min 850Mbps 200 Min 850Mbps Q00 Min 850Mbps
500 Min 430Mbps 800 800 800
400 700 700 700
600 600 600
300 500 500 500
200 400 400 400
1300 2000 2000 2000
1200 @ Avg 1900 1900 1900
@ Max 1800 1800 1800
1100 i 1700 RN @O R @ aae 1700 w’m‘%@"gfwﬁ% 1700
1000 . Mln 1600 Aovg 15300 1600 g 1530 1600 Aovg 1530M
1500 1500 1500
900 B gt S 1400 1400
800 A 1300 1300 1300
1200 1200 1200
700 1100 1100 1100
500 1000 1000 1000
900 900 900
500 800 800 800
400 700 700 700
600 600 600
300 Min 215Mbps 500 Min 425Mbps 500 Min 425Mbps 500 Min 425Mbps

200 400 400 400
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TLC (RR Throughput) — CP9C

M Throughput Test satisfied with checkpoint 9C

® Throughput Measurement Table

Stack 1DP 2DP 4DP 8DP
Throuahout Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst
ghp Package Package Band Package Package Band Package Package Band Package Package Band
Initial
EW+RD100K+1month
(CT 30C)
200 300 300 300
@ Avg
280 e S L AL LN E ALt dadadidid i il ol
180 @& Max 280 280
160 @ Min 260 260 260
140 240 240 240
220
120 220 220
200
200 200
100 180 Avg 180K Avg 180KIO
80 160 180 180
Ve 95kl 160 160
80 140
Min 39 5KIO. . 120 140 140
40
100 120 120
20 Min 77 5KIO Min 100KIO. . Min 100KIO
80 100 100
® Throughput vs. Sample(PKG) (EW+RD100K+1Month)
200 300 300 300
180 © Avg 280 280 CREMCMECR Ol (B RC TR B 250 (ERRERLIRARALLRARRRRRRERRE,
® Max 260 260 260
160 @ Min 240 240 240
140 220 220 220
200
120 oo 200 200
100 180 180 Avg 160KI... 180 Avg 160KIO. ..
R U R W R R R 160 160
0 cgERSStTTmETVTTIRES . [l | e 140
: 120
120 120
60 100
100 100
40 80
Min 19.75KI... 60 80 80
20 Min 38 75KI. 60 Min 50KIOPs G0 Min 50KIOPs
40

40 40



Confidential

TLC (16K RR Throughput) — CP9C

M Throughput Test satisfied with checkpoint 9C

® Throughput Measurement Table

Stack 1DP 2DP 4DP 8DP
Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst
Package Package Band Package Package Band Package Package Band Package Package Band

Throughput

Initial

EW+RD100K+1month
(CT 30C)

® Throughput vs. Sample(PKG) (Initial)

100 150 150 150
o5 @ Avg
%0 @ Max 140 140 140
oe i 130 130 130
so @ Min
s 120 120 120
70 110
65 110 110
60 100
55 20 100 mmm 100 eeeetteeeeeeEeeeeeaeeeeas,.
50 Avg 891K Avg 90KIOPs
45 80 Q0 o0
40 70
2 et S g 80 s e o e e e °° o0
30 7O 70
fos Min 16.5KIO 50
20 1 - e, - 60 &0
15 40 Min 32 5KIO. . Min 49 5KI Min S0KIOPs
10 30 50 50
Throughput vs. Sample (1DP) Throughput vs. Sample (Z2DP) Throughput vs. Sample (4DP) Throughput vs. Sample (BDP)
100 150 150 150
os D Avg
140 140
20 @ Max 130
85 . 130 130
?g ® Min 120 120
A 110 110 110
65 100 oy S o Wy o S W W 100 @HEAAAAXACRGRARR QR AER QR QR
60 20 Q0 20
55 Avg 79.2KI... Avg BOKIOPSs
50 -0 80 80
45
70 70
40 ws
35 50 60 60
gg e S R v 2 & TKIO- 50 50
20 30 40 40
15 Min 8 25KIO Min 16 25K 30 Min 24 75K 30 Min 25KIOPs

10 10 20 20



Confidential

TLC (Read Scan) — CP9C
M Read Scan satisfied with checkpoint 9C

® Read Scan Histogram (EW) ® Read Scan Histogram (EW + RD 100K + 1Month)
1DP 2DP 1DP 2DP
0 ® Status 0 0 ® Status 0
80 @ Status 1 80 @ Status _1

60 60

40 40

20 20

4DP 8DP

% of Total count of ScanGrade)
% of Total count of ScanGrade)

4DP 8DP
100 100
a0 80
&0 60
40 40
20 20
0 1 1 0 .|| ||
170 175 180 185 190 195 200 205 210 170 175 180 185 190 195 200 205 210 170 175 180 185 190 195 200 205 210 170 175 180 185 190 195 200 205 210

D
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TLC (EOL Latency) — CP9C

M Read latency satisfied with checkpoint 9C

EW + Read 100K + 1Month

Average Worst ﬁ:z:ge
All S5E Case Worst S;,E
Dies S5E Die Dies
— ® Indepth Histogram (EW + RD 100K + 1month)
< us
97% 100% 100% 100%
o tR<200us TBD 1E+003 @ IMITIAL
tR<1300us | TBD 1E+002 @cPc o
T
tR<10.5ms TBD 1E+001
1E+000
tR<160us TBD 1E£003
tR<200us TBD 1E+002 8
2DP "
tR<1300us TBD 1E+001
1E+000
cpoc tR<10.5ms TBD 1E£003
(CT30C) tR<160us TBD 1E+002 5
T
1E+001
tR<200us TBD
40P 1E+000
tR<1300us TBD 1E+003
tR<10.5ms TBD 1E+002 g
T
1E+001
tR<160us TBD
1E+000
tR<200us TBD 0 200 400 600 0 200 400 600 O 200 400 ®OD 0 200 400 600
8DP
tR<1300us TBD i
tR<10.5ms TBD www.skhynix.com SK’ﬁynix




TLC (Erase Tolerance) — CP10

Confidential

M Reliability Check points satisfied with checkpoint 10

Erase Tolerance

Test Result PASS

HTDR
F— HTDR
Fail Bit Lovel PeM 12Months | 121000
Max 68 220 240
1DP PGM
Median 20 84 92
Max 72 208 244
2DP PGM
Median 20 80 88
Max 56 208 244
4DP PGM
Median 20 80 88
Max 88 272 300
8DP PGM
Median 20 84 92

® Indepth Histogram (PGM + 12Months+2week)

1E+003
1E+002
1E+001
1E+000
1E+003
1E+002
1E+001
1E+000
1E+003
1E+002
1E+001
1E+000
1E+003
1E+002

1E+001
1E+000

@ ESTI_2WEEK
@ ESTI_BAKE
@ ESTI_PGM

/777

L]

50 100 150 200 250 300 330 400 450 300 550 GOO

b

=La]8

02

=l

02
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SLC (EOL HTDR) — CP3

M Reliability Check points satisfied with checkpoint 3

SLC Checkpoint 3 .
(Data Retention) ® Indepth Histogram (EW + HTDR 1Yr + 2Week)
a7% 100% 100% 100%
O CP3 .
Corractnass EW HTDR 1Y HTDR 1Y+2week 1E+002 @ CP3_2VEEK 3
Fail Bit Level
(Indepth DEF) 97% | 100% | 100% | 100% | 97% | 100% | 100% | 100% | 97% |100% | 100% | 100% 1E+000 & y
1E+004
| ew [ [20f16)20]16]12)12)12]12] 12|12 |12 12 (400 :
100K
Med |4 | 4| 4|4 |4|la|a|a|4|4)|4]4 1E+000 L |
1E+004
Ew Max 1611612020112 1121211211212 |12]12
2DP 1 100K 1E+002 5
Med | 4 | 41414 |4 |4 |414)4)|4)|4)|4
1E+000 4
Max | 20|16 |16 116|112 |116 12112112112 |16|12 1E+004
40P | ook .
Med | 4| 4|4 |4 |4 |4|4|4|4|4|4]|4 1E+002 3
Max | 2020|201 16|16(12 121212 |16|12 |12 1E+000 - & J ]
8DP 1%‘(’)"K 0 200 400 G000 200 400 600 0 200 400 GO0 O 200 400 60O
Med | 4 | 41414 |4 |4 |4|14)4)|4)| 4|4
i
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SLC (EOL HTDR) — CP3

M Reliability Check points satisfied with checkpoint 3

SLC Checkpoint 3 ® Hard Error Histogram (EW + HTDR 1Yr)

(Data Retention)

97 % 100% 100% 100%
Test Resul PA 4 0E+006
est Result SS 4 5E+006 ® cP3
3.0E+006 o
HTDR 1Yr s
Correctness 2 SE+006
Fail Bit Level
(Hard Error) 100% 100% 100% 2.0E+006 : :
4 0E+006
M 3. 5E+006
ax
EW 0 0 0 0 3.0E+006 [~
0P 100K ®
Median 0 O 0 O 2 5E+006
2 .0E+0086
Max 4 0E+006
2DP EW 0 0 0 0 3.5E+006
100K g
Median 0 0 0 0 3.0E+006 =
2 5E+006
Max
EW 0 0 0 0 2.0E+006 .« : ‘ :
4DP : ) : )
100K Median 0 0 0 0 +0E000
3.5E+006
3.0E+006 ]
Max 0 0 0 0 v
8DP EW 2 5E+006
100K
Median 0 0 0 0 2 OE+006
(0] 50 100 O 50 100 0 50 100 O 50 100

b
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SLC (EOL HTDR) — CP3

M Reliability Check points satisfied with checkpoint 3

STeEe ® |ndepth Histogram_ADSP (EW + HTDR 1YT)
ata retention
97% 100% 100% 100%
Correctness HTDR 1Yr 1E+002 %
Fail Bit Level
(Indepth ADSP) % 100% 100% TE+000 L L t
1E+004
M 24 2 24 2
1DP EW - 8 0 1E+002 O
100K Median 4 4 4 4 k
1E+000 | L L L
Max 28 24 28 28 1E+004
e | :
Median 4 4 4 4 1E+002 %
o Max 24 24 24 24 1E+000 | a ; L
4DP 100K 1E+004
Median 4 4 4 4 o
1E+002 0
Max 24 24 24 24
sop Ew | 1E+000 | L |
Median 4 4 4 4 0 500 10000 500 10000 500 10000 500 1000

b
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SLC (Sequential Throughput) — CP11

M Throughput Test satisfied with checkpoint 11

® Throughput Measurement Table

Stack 1DP 2DP 4DP 8DP
Throuahout Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst
ghp Package Package Band Package Package Band Package Package Band Package Package Band
Initial
EW+RD100K+1month
(CT 30C)
1300 0 Avg 2000 2000 2000
1900
1200 @ Max 1900 1900 1o00
[ ] Min 1800 1800 1700 GRSV O L 615 i,
1100 1700 | e " 1700 - < 1600
1500
1000 1600 1600 1200
800 _ . 1500 1500 1300
VOB T MbpS 1400 1400 1200
800 1100
1300 1300 1000 }
700 1200 1200 200 Min 850Mbps
800
600 1100 1100 700
1000 1000 600
500 Min 430Mbps 900 Min 850Mbps 900 Min 850Mbps 500
400 800 800 400
1300 2000 2000 2000
1900 1900 1900
1200 O AVg 1800 1800 1800
1100 .Max 1700  ddECdCCCTCCdTTddTTdTTTaaad 1700 1700
1000 . Mln 1600 Awvg 1530M 1600 Awg 1530M 1600 Avg 1330M. ..
1500 1500 1500
900 wecersrreee 1400 1400 1400
800 Vg ps 1300 1300 1300
1200 1200 1200
700 1100 1100 1100
600 1000 1000 1000
500 200 200 200
800 800 800
400 700 700 roo
300 600 600 600 _
Min 215Mbps 500 Min 425Mbps 500 Min 425Mbps 500 Min 425Mbps

200 400 400 400
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SLC (RR Throughput) — CP11

M Throughput Test satisfied with checkpoint 11

® Throughput Measurement Table

Stack 1DP 2DP 4DP 8DP
Throuahout Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst
ghp Package Package Band Package Package Band Package Package Band Package Package Band
Initial
EW+RD100K+1month
(CT 30C)
200 @ Av 300 300 - ® e CTo®sasege® 300 ® -
100 @M 9 280 280 o..o o o.o ccoocooe e o 280 (:o.o(:o.gﬁ;?o.gt:o .“.o..o..
oo _ax 260 280 ©*®Cosgsge®®s,e o 260 ......O..o.- .oogf.of.of. _
@ Min 240 240 za0
140 220 eI ETRTRTTRERRARRERRD 220 220
120 200 200 200
180 180 180
100 7 ; % T < 1e0 Avg 180KI... Avg 1680KIO. ..
160 160
140 A 124 KIOP
80 Avg 63 .2KI0O. .. 120 va s 140 140
60 120 120
100
100 100
40 80
Min 19 75KI &0 80 80
20 Min 38 75KI 60 Min SOKIOPS 60 Min S0KIOPS
40 40 40
Throughput vs. Sample (1DP) Throughput vs. Sample (ZDP) Throughput vs. Sample (4DP) Throughput vs. Sample (EDP)
®
200 © Avg 300 300 o e 300
* geo® _gsege®ee ® o se® & _ ®. se
280 280 ®ge®eeegee, e 280 o®e S e%0, 0 e
180 - i Max L ™ e®® O. o? o "o 095.300000333000000 So®e
Mi 260 260 - - e g ® 260 " oPee%ete 0040 8e8®
160 @ Min
240 240 240
140 220 qaeeterrIeteIIee TN ettty 220 220
200
120 oo 200 200
100 160 180 Avg 160KI 180 Avg 160KIO
160 160
140 Avg 124KIOPs
80 g
Avg 63 2KIO 120 140 140
60 120 120
100
100 100
40 80
Min 19 75KI... 60 80 80
20 Min 38 75KI. 60 Min 50KIOPS 60 Min 50KIOPs
40

40 40
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SLC (EOL Latency) — CP11

M Read latency satisfied with checkpoint 11

EW + Read 100K + 1Month ® Indepth Histogram (EW + 1Month)

97% 100% 100% 100%

Average Worst Average 1E+004 ® tw
Latency

All S5E Case Worst S5E @ CP11

Dies S5E Die Dies 1E+002

Apple
Spec

ITEM Stack

=[a]3

{R<160us 1E+000 & ]

1E+004

CP11 2DP 100K tR<160us TBD
(CT
60'C) 4DP 100K tR<160us TBD

d0&

1E+002

8DP 100K tR<160us TBD

1E+000 b 1
1E+004

d0a¥

1E+002

1E+000 - &
1E+004

[=[al=]

1E+002

1E+000 & J ]
0 200 400 600 0 200 400 600 O 200 400 600 O 200 400 GOO

b
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SLC (SOL X-Temp) — CP4A

M Reliability Check points satisfied with checkpoint 4A.

SLC Checkpoint 4A

(X-Temp) ® Indepth Histogram (EW+100°C Cross Temp)
7% 100% 100% 100%
@ CP4A
° 100°C Cross Temp a
EW 100°C Cross T @ CP44_7WEEK D
Correctness e L +2week 1E+002 T
Fail Bit Level
(Indepth DEF) 97% |100% | 100% | 100% | 97% |100% | 100% | 100% | 97% | 100% | 100% | 100% 1E+000 - & i
1E+004
W Max |20|16|20|16| 8 | 8 |12 8| 8 | 8| 8| 8 1E+002 %
1DP 10K
med |4 | 4|4 |a|alalalalalalalas E4000 ; ;
1E+004

Max |16 |16|20|20| 8|8 |8 |12l 8|88 1|12
oop | EW 1E+002

10K
Med | 4 | 414|444 |4|4|4|4|4)|4

dar

1E+000 &
Max | 20|16 |16|16|12| 8 | 8 | 8 |12|12]| 8 |12 1E+004
EW
4DP 10K .
Med | 4|4 |a|la|lalalalalala)ala 1E+002 7
1E+000 & b '

Max 120120|20|16| 8 |12 8 |12 8 |12| 8 |12
8DP EW 0 200 400 6000 200 400 GO0 0 200 400 GOO O 200 400 600

10K
Med | 4 | 414 |4 |44 |4|4|4]|4|4)|4

by
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SLC (SOL X-Temp) — CP4A

M Reliability Check points satisfied with checkpoint 4A

SLC Checkpoint 4A H o
X-Temp) ® Hard Error Histogram (EW + 100°C Cross Temp)
97% 100% 100% 100%
Test Result PASS 4 OE+006
- CP4A
100°C Cross Tem 3 .5E+006 i
Correctness p
Fail Bit Level 3 0E+006 —%
(Hard Error) 100% 100% 100% 2 5E+006
Max 0 0 0 0 2 DE+006 .
1DP EW 10K 4.0E+006
Median 0 O 0 O 3 5E+006
Max 0 0 0 0 3 0E+006 §
2DP EW 10K 5 5E+006
Median 0 0 0 0 ' . .
2 0E+D06
Max 0 0 0 0 .
4DP EW 10K 40000
Median 0 O 0 O 3 5E+006
3 0E+006 %
Max 0 0 0 0
8DP EW 10K 25F+006
Median 0 0 0 0 2 0E+006 . . . .
4 DE+006 T T ! T
3 5E+006
3. 0E+0D06 %
2.5E+006
2 0E+006
) 50 100 0 50 100 0 50 100 0 50 100

b
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SLC (SOL X-Temp) — CP4A

M Reliability Check points satisfied with checkpoint 4A

SLC Chackpolnt 44 ® Indepth Histogram_ADSP (EW + 100°C Cross Temp)
97% 100% 100% 100%
1E+004 ® crus
Correctness 100°C Cross Temp 1E+002 %
Fail Bit Level
(Indepth ADSP) % 100% 100% 1E+000 § ] ! !
1E+004
Ew Max 16 16 20 20 M
1DP ToK 1E+002 )
, T
Median 4 4 4 4
1E+000 § ] ! !
Max 20 20 16 20 1E+004
Median 4 4 4 4 1E+002 =
=
Max 20 24 24 20 1E+000
o oK Erdos 1 i b L
Median 4 4 4 4
1]
. Max 68 56 52 40 1E+002 -
8DP
10K Median 4 4 4 4 TE+000 ¢ s . r
0 500 10000 500 1000 0 500 10000 500 1000

b
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SLC (EOL X-Temp) — CP4B

M Reliability Check points satisfied with checkpoint 4B.

SLC Checkpoint 4B ® Indepth Histogram (100°C Cross Temp)
X-T
eIy 7% 100% 100% 100%
EW 100°C Cross Temp 1E+002 |
Correctness i i | i
e ¢
Fail Bit Level 100% 100% 100% 97% 100% 100% 100% 1E+UUU Oe, 8 é g
1E+004 @ t 1 t
op EW Max 20 16 20 16 16 12 20 12 0 8 § 8 N
100K "
Median 4 4 4 4 4 4 4 4 H H H
1E+000 & 8 8 8
w Max | 16 | 16 | 20 | 20 | 12 | 12 | 12 | 16 1E+004 ¢ | ! t
2DP
100K =
Median 4 4 4 4 4 4 4 4 1E+002 - ¢ ? ’ 8 =
SLe | : : !
EW Max 20 16 16 16 12 16 16 16 1E+000 & ) ) 8
4DP 100K 1E+004 @ 1 1 1
Median 4 4 4 4 4 4 4 4
1E+002 # ¢ s s g
Max 20 20 20 16 16 16 16 12 h
S ! ! : 3
Median 4 4 4 4 4 4 4 4 1E+000 & B Y )
0 200 400 6000 200 400 GOO O 200 400 GOO O 200 400 &OO
e
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SLC (EOL X-Temp) — CP4B

M Reliability Check points satisfied with checkpoint 4B

SLC Checkpoint 48 ® Hard Error Histogram (EW + 100°C Cross Temp)

(X-Temp)
97% 100% 100% 100%
Test Result PASS 4-.0E+008 @ CP4B
3. 5E+006
100°C Cross Temp 3 0F+006 %
Correctness > BE+006
Fail Bit Level ' i
(Hard Error) 100% 100% 2 0E+006
4 0E+006
M 3. 5E+006
a
EW X 0 0 0 0 3 0E+006 5
1DP 100K v
. 2 5E+006
Median 0 0 0 0
2 0E+006
Max 0 0 0 0 4 DE+006
2DP EW 3 5E+006
100K : 3 0E+006 S
Median 0 0 0 0 5
2 5E+006
Max 0 0 0 0 2 0E+006 .
EW :
4DP 100K 4 0E+006
Median 0 0 0 0 3 5E+006
3 0E+006 3
o
Max 0 0 0 0 2.5E+006
8DP EW
100K ) 2 0E+006
Median 0 0 0 0 0 50 100 0 50 100 0 50 100 0 50 100
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SLC (EOL X-Temp) — CP4AC

M Reliability Check points satisfied with checkpoint 4C

SLC Checkpoint 4C ® Indepth Histogram (100°C Cross Temp)
X-T
GG 7% 100% 100% 100%
| | | | ) CP4C
EW 100°C Cross Temp 1E+002 =
qure_ctness % ] ] B
Fail Bit Level 100% | 100% | 100% % 100% | 100% | 100% 1E+000 & 8 ¢ ®
1E+004 ¢ f 2 g
M
op Ew ax 20 16 20 16 16 16 16 20 10 ¢ 8 ¢ 0 %
100K
Median | 4 4 4 4 4 4 4 4 g g ¢ g
1E+000 & 8 & )
W Max | 16 | 16 | 20 | 20 | 16 | 12 | 16 | 20 1E+004 ¢ t 1 !
20P 100K g 8 ] ] I
Median 4 4 4 4 4 4 4 4 1E+002 S
SLC 8 8 P §
Ew Max 20 16 16 16 16 16 16 16 1E+000 & B )
4DP 100K 1E+004 ¢ t 1 t
Median 4 4 4 4 4 4 4 4
1E+002 ¢ ! ! 1 8
M
aop 1%\6VK ax 20 20 20 16 16 24 16 16 g ; | |
Vedian | 4 4 A 4 4 4 4 4 1E£000 & 3 8 °
0 200 400 600 0 200 400 GOO O 200 400 6OD O 200 400 600
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SLC (EOL X-Temp) — CP4AC

M Reliability Check points satisfied with checkpoint 4C

SLC Checkpoint 4C ® Hard Error Histogram (EW + 100°C Cross Temp)

(X-Temp)
97% 100% 100% 100%
Test Result PASS 1.0E+006 ° : H 1
@ CP4AC
1. DE+004 N
c ; 100°C Cross Temp 5
orrectness
Fail Bit Level 1000z
(Hard Error) 100% 100% 1.0E+D00
1.0E+006 ~
Max 0 0 0 4 1.0E+004 o
EW =]
1DP 100K
. 1. 0E+002
Median 0 0 0 0
1.0E+000
Max 0 0 0 0 1.0E+006
2DP EW
100K 1.0E+004 =
Median 0 0 0 0 =
1. 0E+002
Max 0 0 0 0 1. 0E+000
EW i
4DP 100K 1 OE+006
Median 0 0 0 0
1. 0E+004 -
2
Max 0 0 0 0 1 0E+002
8DP EW
100K ) 1. 0E+000
Median 0 0 0 0 0 50 100 0 50 100 0 50 100 0 50 100
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SLC (Sequential Throughput) — CP8

M Throughput Test satisfied with checkpoint 8

® Throughput Measurement Table

Stack 1DP 2DP 4DP 8DP
Throuahout Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst
ghp Package Package Band Package Package Band Package Package Band Package Package Band
Initial
EW+RD100K+3month
(CT 30C)
1300 2000 2000 2000
1200 @ Avg 1900 1900 1900
® Max 1800 1800 1800
1100 @ Min 1700 - I CEECEEN ~Tg 1615 1700  CEEISISISIESEIISEEY AT 6 15w 1700 @eeeteeSeSRKStERe A7oL1615Mmme
1000 1600 1600 1600
1500 1500 1500
900 rrTETTT— G S K MPDS, 1400 1400 1400
800 1300 1300 1300
1200 1200 1200
700 1100 1100 1100
600 1000 . 1000 . 1000 :
Q00 Min 850Mbps 900 Min 850Mbps Q00 Min 850Mbps
500 Min 430Mbps 800 800 800
400 700 700 700
600 600 600
300 500 500 500
200 400 400 400
Throughput vs. Sample (1DP) Throughput vs. Sample (ZDP) Throughput vs. Sample (4DP) Throughput vs. Sample (8DP)
1300 2000 2000 2000
1200 '@ Avg 1900 1900 1900
® Max 1800 1800 1800
1100 ; 1700 @ T« 1700 465 G 65 65 65 65 5 65 6L 5 65 65 5 1700
1000 . Mln 16800 Avg 1530M 1600 Avg 1530M 16800 Avg 1530M
1500 1500 1500
soo T CCCTTECTETOOerarrErmenes 1400 1400 1400
800 1300 1300 1300
1200 1200 1200
700 1100 1100 1100
600 1000 1000 1000
900 900 900
500 800 800 800
400 700 70o0 F00
600 600 600
300 Min 215Mbps 500 Min 425Mbps 500 Min 425Mbps 500 Min 425Mbps

200 400 400 400
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SLC (RC Throughput) — CP8

M Throughput Test satisfied with checkpoint 8

® Throughput Measurement Table

Stack 1DP 2DP 4DP 8DP
Throuahout Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst
ghp Package Package Band Package Package Band Package Package Band Package Package Band
Initial
EW+RD100K+3month
(CT 30C)
1300 2000 2000 2000
1200 @ Avg 1900 1900 1900
® Max 1800 1800 1800
1100 ® Min 1700 AN EEEEEEEN S Vgl Te T 5T 1700 SN A TG & TSN e 1700 EEEETEEEEEEEEEEE ATgE 16 15N
1000 1600 1600 1600
1500 1500 1500
00 c——A Y 9, 81D, 1400 1400 1400
800 1300 1300 1300
1200 1200 1200
700 1100 1100 1100
600 1000 . 1000 ! 1000 .
Q00 Min 850Mbps 900 Min 850Mbps 900 Min 850Mbps
500 Min 430Mbps 800 800 800
400 700 700 700
600 600 600
300 500 500 500
200 400 400 400
Throughput vs. Sample (1DP) Throughput vs. Sample (2DP) Throughput vs. Sample (4DP) Throughput vs. Sample (BDP)
1300 2000 2000 2000
1200 @ Avg 1900 1900 1900
® Max 1800 1800 1800
1100 . 1700 @@ a 1700 (el e G O 6 0 6 6l 6l 6l el 6 @ 1700 O A A
. Mln 1600 Avg 1530M. .. 1600 Avg 15300 1600 Avg 1530M. ..
1000
1500 1500 1500
900 R e 1400 1400 1400
800 1300 1300 1300
1200 1200 1200
700 1100 1100 1100
600 1000 1000 1000
900 200 200
500 800 800 800
400 700 700 700
600 600 600
300 Min 215Mbps 500 Min 425Mbps 500 Min 425Mbps 500 Min 425Mbps

200 400 400 400
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SLC (RR Throughput) — CP8

M Throughput Test satisfied with checkpoint 8

® Throughput Measurement Table

Stack 1DP 2DP 4DP 8DP
Throuahout Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst
ghp Package Package Band Package Package Band Package Package Band Package Package Band
Initial
EW+RD100K+3month
(CT 30C)
L
200 300 300 oo e . * 300 -
o Av - e e " ®s Ve o _O® o _.e® -
180 g 280 280 oo ®eegee _© %8 280 ® ®g® e® ® os%ge ®o
® Max N cce®®e"e s ° e e coseesp®oe e pe S0t es,
. -
160 @ Min 260 - 260 gqeqee SSgeves oo e tee
140 240 240 240
220
120 Baticdoiididiliciiiiiiiioast 220 220
200
200 200
100 180 Avg 180K Avg 180KIO
80 Avg 71.1KIO. .. 160 180 180
Avg 139 5KI 160 160
80 140
Min 32 5KIO 120 140 140
40
100 120 120
20 Min 77 SKIO Min 100KIO Min 100KIO
80 100 100
200 300 300 ......O.'...... 300
180 @ Avg 280 280 OO.OOO.OOOOOOOOQO 280
-
® Max 260 260 ® ee e®*® e, 260
8% @ Min 240 240 240
140 229 2eLTRTTTTTLLLTLTLIANLLNS 220 220
200
120 o 200 200
100 B uiiin i a A AT L CCCA A A A AN IR AL A A ) 160 180 Avg 160KI 180 Avg 160KIO
160 160
140 Avg 124KIOPs
80 a
Avg 63 2KIO 120 140 140
120 120
60 100
100 100
40 80
Min 19 75KI 60 80 80
20 Min 38 75KI &0 Min 50KIOPs 60 Min 50KIOPs
40

40 40
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SLC (16K RR Throughput) — CP8

M Throughput Test satisfied with checkpoint 8

® Throughput Measurement Table

Stack 1DP 2DP 4DP 8DP
Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst
Package Package Band Package Package Band Package Package Band Package Package Band

Throughput

Initial

EW+RD100K+3month
(CT 30C)

® Throughput vs. Sample(PKG) (Initial)

100 150 150 150
os @ Avg 140
20 Max 140 140
85 ot a 130 130 130
so @ Min 120
75 120 120
70 110
65 110 110
G0 100
55 <18} 100 100
50 fectfeetetegicecticenanees Avg 89 KIS Avg S0KIOFS
45 80 90 90
40 R CTETTR R RN

70
35 Avg 29 7KIO. . oo Avg 58.5KI 80 80
32 70 70
>0 Min 16.5KIO. . 50 50 60
15 40 Min 32 5KIO Min 49 5KI Min 50KIOPs
10 10 50 50
® Throughput vs. Sample(PKG) (EW+RD100K+3Months
Throughput vs. Sample (1DP) Throughput vs. Sample (ZDP) Throughput vs. Sample (4DP) Throughput vs. Sample (8DP)

100 150 150 150
oo ©Avg 140 140
ss @ Max 130 130 130
?g L Min 120 120
70 110 110 110
85 100 @ pmtafGagg e e 100 o e R O R R A T
G0 20 o0 [0
55 ARTCRTLCLT L TCLCRACNCRCD Avg 79.2KI. .. Avg BOKIOPS
50 o 80 80
Yo B oo duaca acii i iioad Tl s T wel 70 70
40 Avg 52KIOPSs
35 60 60
30 Avg 26 4KIO 50 50 oo
25
20 30 40 40
15 S " o Min 16 25K 30 Min 24 75K 10 Min 25KIOPs

10 10 20 20




SLC (Read Scan) — CP8
M Read Scan satisfied with checkpoint 8

® Read Scan Histogram (EW)

% of Total count of ScanGrade)

100

80

60

40

20

100

80

60
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20
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180

1DP

4DP

190

200

2DP

® Status 0
® Status _1

8DP

210 170 180 190 200 210

Confidential

® Read Scan Histogram (EW + RD 100K + 3Months)

% of Total count of ScanGrade)
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SLC (SOL Latency) — CP8

M Read latency satisfied with checkpoint 8

EW + Read 100K + 3Month

Average Worst ﬁ:z:ge
All S5E Case Worst S;,E
Dies S5E Die Dies
— ® Indepth Histogram (EW + RD 100K + 3months)
us
1E+004
tR<200us TBD 1E+003 @ EWCYC
1DP -
{R<1300us | TBD 1E+002 © cPs 3
1E+001
tR<10.5ms TBD 1E+000
1E+004
tR<160us TBD 1E£003
]
{R<200us TBD 1E+002 3
2DP 1E+001
tR<1300us TBD 1E+000
tR<10.5ms TBD 1E+004
cP8 1E+003
(CT 30C) &
tR<160us TBD 1E+002 2
tR<200 TBD 1E+001
< us
40P 1E+000
tR<1300us TBD 1E+004
1E+003
tR<10.5ms TBD 1E+002 %
tR<160us TBD 1E+001
1E+000
tR<200us TBD 450 500 550 600
8DP
tR<1300us TBD
Pe
tR<10.5ms TBD www.skhynix.com SK hynix
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SLC (Sequential Throughput) — CP9A

M Throughput Test satisfied with checkpoint 9A

® Throughput Measurement Table

Stack 1DP 2DP 4DP 8DP
Throuahout Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst
ghp Package Package Band Package Package Band Package Package Band Package Package Band
Initial
EW+RD100K+1month
(CT 30C)
1300 2000 2000 2000
1200 @ Avg 1900 1900 1900
@® Max 1800 1800 1800
1100 ® Min 1700 dEICCECEECENCEEN SOl 16 ST 1700 SIS AT 6 1S N 1700 @EESGRETEEREEREEAVOL1615M M
1000 1600 1600 1600
1500 1500 1500
900 c——VO.85TMbps, 1400 1400 1400
200 1300 1300 1300
1200 1200 1200
700 1100 1100 1100
600 1000 . 1000 - 1000 .
200 Min 850Mbps 800 Min 850Mbps 900 Min 850Mbps
500 Min 430Mbps 800 800 800
400 700 700 700
600 600 600
300 500 500 500
200 400 400 400
Throughput vs. Sample (1DP) Throughput vs. Sample (2DP) Throughput vs. Sample (4DP) Throughput vs. Sample (BDP)
1300 2000 2000 2000
1900 1900 1900
1200 1800 1800 1800
1100 1700 @@ O 1700 6 6 6 65 65 6 6 6 6 65 6 6 6 6 e 1700
1000 1600 Avg 1530M 1600 Avg 1530M 1600 Avg 1530M
1500 1500 1500
900 Rt e T 1400 1400 1400
800 1300 1300 1300
1200 1200 1200
700 1100 1100 1100
600 1000 1000 1000
900 800 800
500 800 800 800
400 700 700 gele}
600 600 600
300 Min 215Mbps 500 Min 425Mbps 500 Min 425Mbps 500 Min 425Mbps

200 400 400 400
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SLC (RC Throughput) — CP9A

M Throughput Test satisfied with checkpoint 9A

® Throughput Measurement Table

Stack 1DP 2DP 4DP 8DP
Throuahout Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst
ghp Package Package Band Package Package Band Package Package Band Package Package Band
Initial
EW+RD100K+1month
(CT 30C)
1300 2000 2000 2000
1200 @ Avg 1900 1900 1900
@® Max 1800 1800 1800
1100 ® Min 1700  dEETTETEETEEEEEW - Tg (cIS5MMT 1700  CEEEESEEEEEIISTEEY A VGG 1TS N 1700 TS AV 1615 N
1000 1600 1600 1600
1500 1500 1500
O Ava BLEIMbDS 1400 1400 1400
200 1300 1300 1300
1200 1200 1200
700 1100 1100 1100
600 1000 . 1000 - 1000 .
200 Min 850Mbps 200 Min 850Mbps @00 Min 850Mbps
500 Min 430Mbps 800 200 800
400 700 700 700
6800 600 600
300 500 500 500
200 400 400 400
Throughput vs. Sample (1DP) Throughput vs. Sample (ZDP) Throughput vs. Sample (4DFP) Throughput vs. Sample (BDP)
1300 2000 2000 2000
1200 2 Avg 1900 1900 1900
® Max 1800 1800 1800
1100 : 1700 ACEEECE O 1700 <G el elel el e 6 6 6 6 6 6 &I & &% 1700 O T T O
1000 . Mln 1600 Avg 1530M 1600 Avg 1530M 16800 Avwg 1530M
1500 1500 1500
900 S S T e E ey 1400 1400 1400
200 1300 1300 1300
1200 1200 1200
700 1100 1100 1100
600 1000 1000 1000
900 900 900
500 800 800 800
400 700 700 700
600 600 600
300 Min 215Mbps 500 Min 425Mbps 500 Min 425Mbps 500 Min 425Mbps

200 400 400 400
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SLC (RR Throughput) — CP9A

M Throughput Test satisfied with checkpoint 9A

® Throughput Measurement Table

Stack 1DP 2DP 4DP 8DP
Throuahout Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst
ghp Package Package Band Package Package Band Package Package Band Package Package Band
Initial
EW+RD100K+1month
(CT 30C)
Throughput vs. Sample (1DP) Throughput vs. Sample (Z2DP) Throughput vs. Sample (4DP) Throughput vs. Sample (8DP)
200 ® Avg 300 300 ............... 300 S el
180 @ Max 280 280  g® ge oo ®ee®®®e 280 o.'.“O.. es®ee *® .o;
. 260 - e _®.0esee" =" oo aoterese oo®te Oof
160 @ Min 260 oe" ® 260 ...'..o (5" e a3
140 240 240 240
220
120 22! TTTTTTTITITLINTNLLNLTS 220 220
200
100 i » 200 200
180 Avg 180KI. .. Avg 180KIO...
80 Avg 71.1KIO. .. 160 180 180
Avg 139.5KI 160 160
G0 140
Min 39 5KIO 120 140 140
40
100 120 120
20 Min 77 5KIO Min 100KIO. . Min 100KIO
80 100 100
Throughput vs. Sample (1DP) Throughput vs. Sample (ZDP) Throughput vs. Sam g . Throughput vs. Sample (8DP)
-
200 © Avg 300 300 O........ e _ e®ee 300 °
280 280 e .9 @ o % o809 - 280
180 @ Max e®e .o ° ® e u'?-'zi‘—"“"\-‘a
Mi 260 260 o® " g0e® o s ® 260 :
160 i@ Min 240 240 240
140 20 geeratgtltLNLTLIILLLEN LY 220 220
200
120 i 200 200
100 : : s 180 Avg 160KI. . 180 Avg 160KIO
160 160 180
140 Avg 124KIOPs
80 fe]
Avg 63.2KIO 120 140 140
&0 120 120
100
100 100
40 80
Min 19.75KI.. 60 80 80
20 Min 38 75KI 50 Min 50KIOPs 60 Min S0KIOPSs
40

40 40



Confidential

SLC (16K RR Throughput) — CP9A

M Throughput Test satisfied with checkpoint 9A

® Throughput Measurement Table

Stack 1DP 2DP 4DP 8DP
Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst
Package Package Band Package Package Band Package Package Band Package Package Band

Throughput

Initial

EW+RD100K+1month
(CT 30C)

® Throughput vs. Sample(PKG) (Initial)

100 150 150 150
o5 (@ Avg
g0 140 140 140
s . Max 130 130 130
80 @ Min 120
75
120 120
70 110
65 110 110
60 100
55 a0 100 100
s ATELRCERRCECCLCLRCER LR TN e ATG BRI AVB SORIGPE
a5 80 90 20
40 CECERMANE TR CORGy 70
35 Avg 29 TKIO Avg 58.5KI... 80 80
30 80 70 70
25
50 Min 16 5KIO 50 60 50
15 40 Min 32 5KIO. .. Min 49 5KI... Min SOKIOPs
10 30 S0 50

® Throughput vs. Sample(PKG) (EW+RD100K+1Month)

100 150 150 150
gg @ Avg 140 140
ss @ Max 130 130 130
?g @ Min 120 120
7O 110 110 110
65 100 R RV O WO P O N WO N MO A 100 T G G TR R
G0 90 o0 S0
55 EAL L (Ll Tl il il il il iad Avg T9.2KI. .. Avg 80KIOPs
50 o 80 80
o T T P e TR Ty 70 70
40 Avg 52KIOPSs
35 50 B0 60
S0 Avg 26.4KIO... s o
25
20 30 40 40
15 Min 8 25KIO. . Min 16.25KI... 30 Min 24.75K... 20 Min 25KIOPs

10 10 20 20




SLC (Read Scan) — CP9A
M Read Scan satisfied with checkpoint 9A

® Read Scan Histogram (EW)

% of Total count of ScanGrade)
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Confidential

® Read Scan Histogram (EW + RD 100K + 1Month)

% of Total count of ScanGrade)
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SLC (EOL Latency) — CP9A

M Read latency satisfied with checkpoint 9A

EW + Read 100K + 1Month

Average

Average Worst
All S5E Case
Dies S5E Die

Latency
Worst S5E
Dies

® Indepth Histogram (EW + RD 100K + 1month)

tR<160us

CP9A
(CT 30C)

tR<200us TBD

1DP
tR<1300us TBD
tR<10.5ms TBD
tR<160us TBD
tR<200us TBD

2DP
tR<1300us TBD
tR<10.5ms TBD
tR<160us TBD
tR<200us TBD

4DP
tR<1300us TBD
tR<10.5ms TBD
tR<160us TBD
tR<200us TBD

8DP
tR<1300us TBD
tR<10.5ms TBD
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1E+003
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SLC (Sequential Throughput) — CP9C

M Throughput Test satisfied with checkpoint 9C

® Throughput Measurement Table

Stack 1DP 2DP 4DP 8DP
Throuahout Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst
ghp Package Package Band Package Package Band Package Package Band Package Package Band
Initial
EW+RD100K+1month
(CT 30C)
1300 2000 2000 2000
1200 @ Avg 1900 1900 1900
@ Max 1800 1800 1800
1100 ® Min 1700 CEICEECEECEEEEEE ~Va 16T 5M 1700  CEEEENTEININININEEY AT 615w 1700 EESSLERSERRRRERE VI 1615V
1000 1600 1600 1600
1500 1500 1500
00 T A S8 KIS, 1400 1400 1400
200 1300 1300 1300
1200 1200 1200
700 1100 1100 1100
600 1000 . 1000 - 1000 .
200 Min 850Mbps 800 Min 850Mbps 900 Min 850Mbps
500 Min 430Mbps 800 800 800
400 700 700 700
600 600 600
300 500 500 500
200 400 400 400
Throughput vs. Sample (1DP) Throughput vs. Sample (ZDP) Throughput vs. Sample (4DP) Throughput vs. Sample (8DP)
1300 2000 2000 2000
1200 © Avg 1900 1900 1900
® Max 1800 1800 1800
1100 & Min 1700  dACCCCCCEOCO@CdOeCaaCauada 1700 (Slel el el e 6f 6 6 6 6 6 6 e el e 1700
1000 1600 Avg 1530M 1600 Avg 1530M 1600 Avg 1530M
1500 1500 1500
900 1400 1400 1400
800 ANG T 7AD DS 1300 1300 1300
1200 1200 1200
700 1100 1100 1100
600 1000 1000 1000
900 900 800
500 800 800 800
AQ0 700 700 70O
600 600 800
300 Min 215Mbps 500 Min 425Mbps 500 Min 425Mbps 500 Min 425Mbps

200 400 400 400
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SLC (RC Throughput) — CP9C

M Throughput Test satisfied with checkpoint 9C

® Throughput Measurement Table

Stack 1DP 2DP 4DP 8DP
Throuahout Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst
ghp Package Package Band Package Package Band Package Package Band Package Package Band
Initial
EW+RD100K+1month
(CT 30C)
1300 2000 2000 2000
1200 @ Avg 1900 1900 1900
@® Max 1800 1800 1800
1100 ® Min 1700 T TEETEEEEEW Vgl (61 S5RT 1700 P STESSTEr e AT 6 1S MW 1700 EEEEEEEEEEE AV 16 1SN
1000 1600 1600 1600
1500 1500 1500
O Ava BLEIMbDS 1400 1400 1400
200 1300 1300 1300
1200 1200 1200
700 1100 1100 1100
600 1000 . 1000 - 1000 .
200 Min 850Mbps 200 Min 850Mbps @00 Min 850Mbps
500 Min 430Mbps 800 200 800
400 700 700 700
6800 600 600
300 500 500 500
200 400 400 400
Throughput vs. Sample (1DP) Throughput vs. Sample (2DP) Throughput vs. Sample (4DP) Throughput vs. Sample (8DP)
1300 2000 2000 2000
1200 @ Avg 1900 1900 1900
® Max 1800 1800 1800
1100 ® Min 1700 @@ T 1700 (666l el 6l 6 6 4 6 6 6 6L 6 &I & 1700 O e A
1000 1600 Avg 1530M. .. 1600 Avg 1530M. .. 1600 Avg 1530M. ..
1500 1500 1500
900 e e 1400 1400 1400
800 1300 1300 1300
1200 1200 1200
700 1100 1100 1100
600 1000 1000 1000
900 900 200
500 800 800 800
AQ0Q 700 700 700
600 600 600
300 Min 215Mbps 500 Min 425Mbps 500 Min 425Mbps 500 Min 425Mbps

200 400 400 400
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SLC (RR Throughput) — CP9C

M Throughput Test satisfied with checkpoint 9C

® Throughput Measurement Table

Stack 1DP 2DP 4DP 8DP
Throuahout Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst
ghp Package Package Band Package Package Band Package Package Band Package Package Band
Initial
EW+RD100K+1month
(CT 30C)
Throughput vs. Sample (1DP) Throughput vs. Sample (Z2DP) Throughput vs. Sample (4DP) Throughput vs. Sample (8DP)
200 300 300 300
i Avg ..O..o..o...... * o - o PP
180 M 280 280 g0 ge®ecePoe®®®e 280 .......o..o..o.....
® Max 260 - e _®_ e o Tee OOOOOOOg)C)C)O{:X) oo oe®oe®es®
160 @ Min ao 260 oe®eTe®eesse 260 TS Tt St S SN
140 240 240
220
120 22222TTLTTLTTLITTTRRTLRNITS 220 220
200
100 200 200
180 Avg 180KI. .. Avg 180KIO. ..
80 Avg 71.1KIO. .. 160 180 180
Avg 139 5Kl
50 140 160 160
Min 39 5KIO 120 140 140
40
100 120 120
20 Min 77.5KIO Min 100KIO Min 100KIO
80 100 100
Throughput vs. Sample (1DP) Throughput vs. Sample (2DP) Throughput vs. Sample (4DP) Throughput vs. Sample (BDP)
L ]
200 300 30 Beeepeenes " ePee 300
180 @ Avg 280 280 O.OQQOOOQQOOOQQO 280
® Max 260 260 *ee®®cas®es 00 260
180 @ Min 240 240 240
140 220 geeeftITTRCLLTLTTLLLLTLILS 220 220
120 200 200 200
180
100 180 Avg 160KI 180 Avg 160KIO
160 160 160
140 Avg 124KIOPs
8o Avg 63 2KIO 120 140 140
120 120
6o 100
100 100
40 80
Min 19 75KI 60 80 80
20 Min 38.75KI... 50 Min S0KIOPs 50 Min S0KIOPSs
40

40 40
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SLC (16K RR Throughput) — CP9C

M Throughput Test satisfied with checkpoint 9C

® Throughput Measurement Table

Stack 1DP 2DP 4DP 8DP
Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst
Package Package Band Package Package Band Package Package Band Package Package Band

Throughput

Initial

EW+RD100K+1month
(CT 30C)

® Throughput vs. Sample(PKG) (Initial)

100 oA 150 150 150
95 \",
a0 g 140 140 140

@& Max
85 . 130 130 130
80 @ Min 120
s 120 120
70 110
65 110 110
60 100
55 a0 100 100
s ATELRCERRCECCLCLRCER LR TN e ATG BRI AVB SORIGPE
45 80 90 a0
40 Gt e R 70
35 Avg 29 TKIO Avg 58.5KI... 80 80
30 80 70 70
25 : 50
50 Min 16 5KIO 50 60
15 40 Min 32.5KIO. .. Min 49.5KI. .. Min S0KIOPSs
10 30 50 50
® Throughput vs. Sample(PKG) (EW+RD100K+1Month
Throughput vs. Sample (1DP) Throughput vs. Sample (2DP) Throughput vs. Sample (4DP) Throughput vs. Sample (BDP)

100 150 150 150
oo DAvg 140 140
s5 i Max 130 130 130
?g ® Min 120 120
70 110 110 110
65 100 g g e gy 0 oy Oy W, W Oy Wy Wy W 100 cotssmEeeE e GE T OEE GG
60 90 00 00
S5 eEiteceetfecoeEneaeeeCeTen. Avg T9.2KI Avg 8OKIOPSs
50 o 80 80
pos B CuCacaciacban act i tasaadio saindon sl 70 70
40 Avg 52KIOPs
> Avg 26 4KIO 50 0 eo
30 vg f 50 50
25
20 20 40 40
15 S . Min 16.25KI. .. 30 Min 24 75K. . 30 Min 25KIOPs

10 10 20 20




Confidential

SLC (Read Scan) — CP9C
M Read Scan satisfied with checkpoint 9C

® Read Scan Histogram (EW) ® Read Scan Histogram (EW + RD 100K + 1Month)
1DP 2DP 1DP 2DP
100 ® Status 0 100 ® Status 0
@ Status 1 80 @ Status _1
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SLC (EOL Latency) — CP9C

M Read latency satisfied with checkpoint 9C

EW + Read 100K + 1Month

Average

Average Worst
All S5E Case
Dies S5E Die

Latency
Worst S5E

Dies
— ® Indepth Histogram (EW + RD 100K + 1month)
us
1E+004 ¢
tR<200us TBD 1E+003 !|' @ EWCYC
o tR<1300us | TBD 1E+002 ﬁ @ cPac E
E+00 |
L]
tR<10.5ms | TBD 1E+000 &
1E+004 ¢
tR<160us TBD 1E£003 !|'
R
R<200is | TBD 1E+002 4 :
20p 1E+001 |
tR<1300us TBD 1E+000 ':‘
tR<10.5ms TBD 1E+004 ?
CP9C 1E+003 1
(CT0C) tR<160us TBD 1E+002 ¢ %
1E+001 '.;
o tR<200us TBD 1E£000 \
tR<1300us TBD 1E+004 ¢
1E+003 |
tR<10.5ms TBD 1E+002 ? %
tR<160us TBD 1E+001 I'“
1E+000 by
tR<200us TBD 0 50 100 150 200 250 300 350 400 450 500 550 GO0
8DP
tR<1300us TBD .
tR<10.5ms TBD www.skhynix.com SK’ﬁynix




SLC (Erase Tolerance) — CP10

Confidential

M Reliability Check points satisfied with checkpoint 10

Erase Tolerance

Test Result PASS

HTDR
Correctness HTDR
Fail Bit Level PGM 12Months 13%323;5
Max 20 16 16
1DP PGM
Median 4 4 4
Max 20 16 16
2DP PGM
Median 4 4 4
Max 20 16 16
4DP PGM
Median 4 4 4
Max 24 20 20
8DP PGM
Median 4 4 4

® Indepth Histogram (PGM + 12Months+2week)
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1E+002
1E+001
1E+000
1E+004
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Confidential

TLC (Sequential Throughput) — X-Ray TLC T

M Throughput Test satisfied with checkpoint X-Ray TLC Type1

® Throughput Measurement Table

Stack 1DP 2DP 4DP 8DP
Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst
Package Package Band Package Package Band Package Package Band Package Package Band

Throughput

Initial

EW 1Cycle + X-Ray 1Gr +
RD100K + 3Months

® Throughput vs. Sample(PKG) (Initial)

1300 2000 2000 2000
1200 © Avg 1900 1900 1900
® Max 1800 1800 1800
1100 @ Min 1700 R~ L 1 G 1 Sk 1700 VOuTE TSN 1700 VORTE 1SN
1000 1600 1600 1600
1500 1500 1500
900 VO BAEMBDS 1400 1400 1400
300 1300 1300 1300
1200 1200 1200
700 1100 1100 1100
600 1000 . 1000 3} 1000 }
Qo0 Min 850Mbps Q00 Min 850Mbps Qo0 Min 850Mbps
500 Min 430Mbps 800 800 800
400 700 700 700
600 600 600
s00 500 500 500
200 400 400 400
® Throughput vs. Sample(PKG) (EW 1Cycle + X-Ray 1Gr + RD100K + 3Months)
1300 2000 2000 2000
1200 @ Avg 1900 1900 1900
@® Max 1800 1800 1800
1100 ¢ 1700 (R A T AT 1700 O e O O TS 1700
1000 . M|n 1600 Awvg 1530M. . 1600 Avwg 1530M 1600 Avg 1530M
1500 1500 1500
900 1400 1400 1400
o0 | R AT ADTE 12300 1200 12300
1200 1200 1200
700 1100 1100 1100
600 1000 1000 1000
900 800 900
500 800 800 800
400 TOoOo Fgele] pgele]
200 600 600 600
Min 215Mbps 500 Min 425Mbps 500 Min 425Mbps 500 Min 425Mbps

200 400 400 400




Confidential

TLC (RC Throughput) — X-Ray TLC Typel

M Throughput Test satisfied with checkpoint X-Ray TLC Type1

® Throughput Measurement Table

Stack 1DP 2DP 4DP 8DP
Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst
Package Package Band Package Package Band Package Package Band Package Package Band

Throughput

EW 1Cycle + X-Ray 1Gr +
RD100K + 3Months

® Throughput vs. Sample(PKG) (EW 1Cycle + X-Ray 1Gr + RD100K + 3Months)

1300 2000 2000 2000
1200 0 Avg 1900 1900 1900
@ Max 1800 1800 1800
1100 £ 1700 TR me 1700 W 1700 O A S S S A A
1000 . M]n 1600 Avg 1530M 1600 Avg 1530M 1600 Avg 1530M
1500 1500 1500
200 1400 1400 1400
500 N T e e 1300 1300 1300
1200 1200 1200
700 1100 1100 1100
600 1000 1000 1000
900 900 900
500 800 800 800
400 Fgale] Fgele) 700
200 600 7 600 : 600 :
Min 215Mbps 500 Min 425Mbps 500 Min 425Mbps 500 Min 425Mbps
200 400 400 400

b

>
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TLC (RR Throughput) — X-Ray TLC Typel

M Throughput Test satisfied with checkpoint X-Ray TLC Type1

® Throughput Measurement Table

Stack 1DP 2DP 4DP 8DP
Throuahout Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst
ghp Package Package Band Package Package Band Package Package Band Package Package Band
Initial
EW 1Cycle + X-Ray 1Gr +
RD100K + 3Months
200 300 300 300
180 D Avg 280 220 AR TR S, oap T T T YO S R Ce
160 L M.aX 260 260 260
140 @ Min 240 240 240
120 220 220 220
200
200 200
100 180 Avg 180KI. .. Avg 180KIO. ..
80 . 160 QERyRy AT e s 180 180
60 140 - 160 160
Min 39.5KIO... 120 140 140
40
100 120 120
20 Min 77 5KIO. .. Min 100KIO. . Min 100KIO. .
80 100 100
® Throughput vs. Sample(PKG) (EW 1Cycle + X-Ray 1Gr + RD100K + 3Months)
200 300 300 300
180 OAVg 280 280 T T e 280
® Max 260 260 260
180 @ Min 240 240 240
140 220 220 220
120 200 200 200
180 180 Avg 160KI 180 Avag 160KIO
100 160 160 il 180 ?
80 AERTRETRIRENER T A sm— 140 ® Avg T24KIOPs 140 140
. 120 120 120
80 100
100 100
40 80
Min 19 75KI 80 80 80
20 Min 38 75KI 60 Min 50KIOPSs &0 Min SOKIOPS
40

40 40



Confidential

TLC (Read Scan) — X-Ray TLC Typel
M Read Scan satisfied with checkpoint X-Ray TLC Type1

® Read Scan Histogram (EW) ® Read Scan Histogram
(EW 1Cycle + X-Ray 1Gr + RD100K + 3Months)
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TLC (EOL Latency) — X-Ray TLC Typel

M Read latency satisfied with checkpoint X-Ray TLC Type1

EW 1Cycle + X-Ray 1Gr + RD100K +

3Months
Apple Average
Sec | Auemge | Wt | Laiongy -
po2 so2se | WorstS5E ® Indepth Histogram
Dies
(EW 1Cycle + X-Ray 1Gr + RD100K + 3Months)
tR<160us
1E+003 -
tR<200us TBD . Initial
1DP 1E+002 () X-Ray =
tR<1300us TBD 4 () X-Ray + RD100K + 3months ©
1E4001 A
tR<10.5ms TBD 1E+000 :
1E+003
tR<160us TBD
1E+002 "
tR<200us TBD =
2DP 1E+001
tR<1300us TBD -1E+[][m
1E+003
X-Ray tR<10.5ms TBD
TLC 1E+002 =
Typet tR<160us TBD o
1E+001
tR<200us TBD
4DP 1E+000
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TLC (Sequential Throughput) — X-Ray TLC T

M Throughput Test satisfied with checkpoint X-Ray TLC Type2

® Throughput Measurement Table

Stack 1DP 2DP 4DP 8DP
Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst
Package Package Band Package Package Band Package Package Band Package Package Band

Throughput

Initial

X-Ray 1Gr + EW + RD100K +
3Months

® Throughput vs. Sample(PKG) (Initial)

1300 A 2000 2000 2000
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500 Min 430Mbps 800 800 800
400 700 700 700
600 600 800
300 500 500 500
200 400 400 400
Throughput vs. Sample (1DP) Throughput vs. Sample (2DP) Throughput vs. Sample (4DP) Throughput vs. Sample (BDP)
1300 2000 2000 2000
1200 © Avg 1900 1900 1900
® Max 1800 1800 1800
1100 Mi 1700 T T 1700 O AT I A AT 1700
1000 @ Min 1600 Avg 1530M 1600 Avg 1530M 1600 Avg 1530M
1500 1500 1500
Q00 1400 1400 1400
S T S A T W= s
800 P 1300 1300 1300
1200 1200 1200
700 1100 1100 1100
600 1000 1000 1000
Q00 900 900
500 800 800 800
A00 700 700 700
300 600 800 600
Min 215Mbps 500 Min 425Mbps 500 Min 425Mbps 500 Min 425Mbps

200 400 400 400




Confidential

TLC (RC Throughput) — X-Ray TLC Type2

M Throughput Test satisfied with checkpoint X-Ray TLC Type2

® Throughput Measurement Table

Stack 1DP 2DP 4DP 8DP
Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst
Package Package Band Package Package Band Package Package Band Package Package Band

Throughput

X-Ray 1Gr + EW + RD100K +
3Months

® Throughput vs. Sample(PKG) (X-Ray 1Gr + EW + RD100K + 3Months)

Throughput vs. Sample (1DP) Throughput vs. Sample (2DP) Throughput vs. Sample (4DP) Throughput vs. Sample (BDP)
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TLC (RR Throughput) — X-Ray TLC Type2

M Throughput Test satisfied with checkpoint X-Ray TLC Type2

® Throughput Measurement Table

Stack 1DP 2DP 4DP 8DP
Throuahout Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst
ghp Package Package Band Package Package Band Package Package Band Package Package Band
Initial
X-Ray 1Gr + EW + RD100K +
3Months
200 300 300 300
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® Throughput vs. Sample(PKG) (X-Ray 1Gr + EW + RD100K + 3Months)
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TLC (Read Scan) — X-Ray TLC Type2
M Read Scan satisfied with checkpoint X-Ray TLC Type2

® Read Scan Histogram (EW) ® Read Scan Histogram
(X-Ray 1Gr + EW + RD100K + 3Months)
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TLC (EOL Latency) — X-Ray TLC Type2

M Read latency satisfied with checkpoint X-Ray TLC Type2

X-Ray 1Gr + EW + RD100K + 3Months

Apple
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TLC (Sequential Throughput) — X-Ray TLC T (1M)

M Throughput Test satisfied with checkpoint X-Ray TLC Type3 (1M)

® Throughput Measurement Table

Stack 1DP 2DP 4DP 8DP
Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst
Package Package Band Package Package Band Package Package Band Package Package Band

Throughput

Initial

X-Ray 1Gr + EW + RD100K +
1Month

® Throughput vs. Sample(PKG) (Initial)

1300 2000 2000 2000
1200 © Avg 1900 1900 1900
® Max 1800 1800 1800
1100 @ Min 1700 A~ G 6 1 kA 1700 VOT 168 TSN 1700 VOELE 15N
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® Throughput vs. Sample(PKG) (X-Ray 1Gr + EW + RD100K + 1Month)
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TLC (RC Throughput) — X-Ray TLC Type3 (1

M Throughput Test satisfied with checkpoint X-Ray TLC Type3 (1M)

® Throughput Measurement Table

Stack 1DP 2DP 4DP 8DP
Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst
Package Package Band Package Package Band Package Package Band Package Package Band

Throughput

X-Ray 1Gr + EW + RD100K +
1Month

® Throughput vs. Sample(PKG) (X-Ray 1Gr + EW + RD100K + 1Month)
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TLC (RR Throughput) — X-Ray TLC Type3 (1IV

M Throughput Test satisfied with checkpoint X-Ray TLC Type3 (1M)

® Throughput Measurement Table

Stack 1DP 2DP 4DP 8DP
Throuahout Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst
ghp Package Package Band Package Package Band Package Package Band Package Package Band
Initial
X-Ray 1Gr + EW + RD100K +
1Month
® Throughput vs. Sample(PKG) (Initial)
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180 o M.aX 260 260 260
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® Throughput vs. Sample(PKG) (X-Ray 1Gr + EW + RD100K + 1Month)
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TLC (Read Scan) — X-Ray TLC Type3 (1M)
M Read Scan satisfied with checkpoint X-Ray TLC Type3 (1M)

® Read Scan Histogram (EW)

% of Total count of ScanGrade)
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TLC (EOL Latency) — X-Ray TLC Type3 (1M)
M Read latency satisfied with checkpoint X-Ray TLC Type3 (1M)

X-Ray 1Gr + EW + RD100K + 1Month

Apple Average
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TLC (Sequential Throughput) — X-Ray TLC T (3M)

M Throughput Test satisfied with checkpoint X-Ray TLC Type3 (3M)

® Throughput Measurement Table

Stack 1DP 2DP 4DP 8DP
Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst
Package Package Band Package Package Band Package Package Band Package Package Band

Throughput

Initial

X-Ray 1Gr + EW + RD100K +
3Month

® Throughput vs. Sample(PKG) (Initial)

1300 2000 2000 2000
1200 © Avg 1900 1900 1900
® Max 1800 1800 1800
1100 @ Min 1700 A~ G 6 1 kA 1700 VO T8 TSN 1700 VOELE 15N
1000 1600 1600 1600
1500 1500 1500
900 VO BAEMBDS 1400 1400 1400
300 1300 1300 1300
1200 1200 1200
700 1100 1100 1100
600 1000 . 1000 3} 1000 }
900 Min 850Mbps Q00 Min 850Mbps Q00 Min 850Mbps
500 Min 430Mbps 800 800 800
400 700 700 700
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300 500 500 500
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® Throughput vs. Sample(PKG) (X-Ray 1Gr + EW + RD100K + 3Month)
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TLC (RC Throughput) — X-Ray TLC Type3 (3

M Throughput Test satisfied with checkpoint X-Ray TLC Type3 (3M)

® Throughput Measurement Table

Stack 1DP 2DP 4DP 8DP
Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst
Package Package Band Package Package Band Package Package Band Package Package Band

Throughput

X-Ray 1Gr + EW + RD100K +
3Month

® Throughput vs. Sample(PKG) (X-Ray 1Gr + EW + RD100K + 3Month)

Throughput vs. Sample (1DP) Throughput vs. Sample (2DP) Throughput vs. Sample (4DP) Throughput vs. Sample (BDP)

1300 o A 2000 2000 2000
1200 Vg 1900 1900 1900
® Max 1800 1800 1800
1100 . 1700 N T 1700 R T Y T e 1700

1000 . Mln 1600 Avg 1530M 1600 1600 Avwg 1530M
1500 1500 1500
900 7= 1400 1400 1400
800 1300 1300 1300
1200 1200 1200
700 1100 1100 1100
6800 1000 1000 1000
Q00 Qo0 Q00
500 800 800 800
400 700 700 700
300 800 600 600

Min 21 5Mbps 500 Min 425Mbps 500 Min 425Mbps 500 Min 425Mbps

200 400 400 400

b

>
www.skhynix.com SK hynlx



Confidential

TLC (RR Throughput) — X-Ray TLC Type3 (3IV

M Throughput Test satisfied with checkpoint X-Ray TLC Type3 (3M)

® Throughput Measurement Table

Stack 1DP 2DP 4DP 8DP
Throuahout Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst
ghp Package Package Band Package Package Band Package Package Band Package Package Band
Initial
X-Ray 1Gr + EW + RD100K +
3Month
® Throughput vs. Sample(PKG) (Initial)
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TLC (Read Scan) — X-Ray TLC Type3 (3M)
M Read Scan satisfied with checkpoint X-Ray TLC Type3 (3M)

® Read Scan Histogram (EW)
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TLC (EOL Latency) — X-Ray TLC Type3 (3M)
M Read latency satisfied with checkpoint X-Ray TLC Type3 (3M)

X-Ray 1Gr + EW + RD100K + 3Month

Apple Average
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SLC (Sequential Throughput) — X-Ray SLC T

M Throughput Test satisfied with checkpoint X-Ray SLC Type1

® Throughput Measurement Table

Stack 1DP 2DP 4DP 8DP
Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst
Package Package Band Package Package Band Package Package Band Package Package Band

Throughput

Initial

EW 1Cycle + X-Ray 1Gr +
RD100K + 3Months

® Throughput vs. Sample(PKG) (Initial)
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SLC (RC Throughput) — X-Ray SLC Typel

M Throughput Test satisfied with checkpoint X-Ray SLC Type1

® Throughput Measurement Table

Stack 1DP 2DP 4DP 8DP
Throuahout Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst
ghp Package Package Band Package Package Band Package Package Band Package Package Band
EW 1Cycle + X-Ray 1Gr +
RD100K + 3Months
® Throughput vs. Sample(PKG) (EW 1Cycle + X-Ray 1Gr + RD100K + 3Months)
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SLC (RR Throughput) — X-Ray SLC Typel

M Throughput Test satisfied with checkpoint X-Ray SLC Type1

® Throughput Measurement Table

Stack 1DP 2DP 4DP 8DP
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® Throughput vs. Sample(PKG) (Initial)
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SLC (Read Scan) — X-Ray SLC Typel
M Read Scan satisfied with checkpoint X-Ray SLC Type1

® Read Scan Histogram (EW) ® Read Scan Histogram
(EW 1Cycle + X-Ray 1Gr + RD100K + 3Months)
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SLC (EOL Latency) — X-Ray SLC Typel
M Read latency satisfied with checkpoint X-Ray SLC Type1

EW 1Cycle + X-Ray 1Gr + RD100K + ® Indepth Histogram
(EW 1Cycle + X-Ray 1Gr + RD100K + 3Months)
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SLC (Sequential Throughput) — X-Ray SLC T

M Throughput Test satisfied with checkpoint X-Ray SLC Type2

® Throughput Measurement Table

Stack 1DP 2DP 4DP 8DP
Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst
Package Package Band Package Package Band Package Package Band Package Package Band

Throughput

Initial

X-Ray 1Gr + EW + RD100K +
3Months

® Throughput vs. Sample(PKG) (Initial)

1300 2000 2000 2000
1200 © Avg 1900 1900 1900
® Max 1800 1800 1800
1100 " 1700 =. 1700 VO TE TS KA 1700 ORI OO G 15 e
1000 @ Min 1600 1600 1600
1500 1500 1500
200 Vo, BLIMbPS, 1400 1400 1400
200 1300 1300 1300
1200 1200 1200
700 1100 1100 1100
600 1000 : 1000 : 1000 !
900 Min 850Mbps 900 Min 850Mbps Q00 Min 850Mbps
500 Min 430Mbps s00 800 800
400 Fgele] Fgsle] Too
600 600 600
300 500 500 S00
200 400 400 400
® Throughput vs. Sample(PKG) (X-Ray 1Gr + EW + RD100K + 3Months)
1300 2000 2000 2000
1200 @ Avg 1900 1900 1900
® Max 1800 1800 1800
1100 ® Min 1700 1700 1700
1000 16800 Avg 1530M 1600 Avg 1530M 1600 Avg 1530M
1500 1500 1500
900 1400 1400 1400
00 O O U S ey s 1300 1300 1300
1200 1200 1200
700 1100 1100 1100
600 1000 1000 1000
200 800 800
500 800 800 800
400 700 700 700
800 600 600
300 Min 215Mbps 500 Min 425Mbps 500 Min 425Mbps 500 Min 425Mbps
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SLC (RC Throughput) — X-Ray SLC Type2

M Throughput Test satisfied with checkpoint X-Ray SLC Type2

® Throughput Measurement Table

Stack 1DP 2DP 4DP 8DP
Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst
Package Package Band Package Package Band Package Package Band Package Package Band

Throughput

X-Ray 1Gr + EW + RD100K +
3Months

® Throughput vs. Sample(PKG) (X-Ray 1Gr + EW + RD100K + 3Months)

Throughput vs. Sample (1DP) Throughput vs. Sample (2DP) Throughput vs. Sample (4DP) Throughput vs. Sample (BDP)
1300 2000 2000 2000
1200 '@ Avg 1900 1900 1900
M 1800 1800 1800
® Max

1100 5 1700 (R AR 1700 1700

1000 . Mln 16800 Avg 1530M... 16800 Avg 1530M. .. 1600 Avg 1530M. ..
1500 1500 1500
°00 T O A LT O Ty 1400 1400 1400
200 1300 1300 1300
1200 1200 1200
700 1100 1100 1100
500 1000 1000 1000
900 900 900
500 800 800 800
400 700 700 700
600 600 600

300 Min 215Mbps 500 Min 425Mbps 500 Min 425Mbps 500 Min 425Mbps
200 400 400 400

e
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SLC (RR Throughput) — X-Ray SLC Type2

M Throughput Test satisfied with checkpoint X-Ray SLC Type2

® Throughput Measurement Table

Stack 1DP 2DP 4DP 8DP
Throuahout Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst
ghp Package Package Band Package Package Band Package Package Band Package Package Band
Initial
X-Ray 1Gr + EW + RD100K +
3Months
® Throughput vs. Sample(PKG) (Initial)
200 300 300 o - ® 300
S °.°m"'°ﬂ'1-. gL tm e o ® ooe, ®
180 @ Avg 280 280 WM 280 o ?:‘Qg%c.?)o*o".g
100 |- @ Max - 200 T TAAFTEFINTe | 200 oo ASE ™ as i
120 @ Min 240 240 240 See
220 et L Rttt e et IS
120 200 220 220
4 200 200
100 180 Avg 180KI Avg 180KIO
80 Avg 71.1KIO 160 180 180
Avg 139.5KI...
60 140 160 160
e Min 39.5KIO0O. .. 120 140 140
100 120 120
20 Min 77_5KIO Min 100KIO Min 100KIO
80 100 100
® Throughput vs. Sample(PKG) (X-Ray 1Gr + EW + RD100K + 3Months)
o > >
200 o Avg zgg zzz M:..M“v zgz Repq e _a o IS R S ;’r
89 @ Max 260 260 M\;"‘N‘ 260 mﬂﬁqw £
160 @ Min 240 240 240 e Vo AT,
140 220 220 220
120 200 200 200
ik 180 180 Avg 160KI 180 Avg 160KIO
100 160 160 ? 160 4
80 Avd dsbiie :;2 Avg 124KIOPs 140 140
60 120 120
100 100 100
40 80
Min 19 75Kl 50 80 80
20 Min 38 75KI 60 Min S0KIOPSs 60 Min S50KIOPs
40
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SLC (Read Scan) — X-Ray SLC Type2
M Read Scan satisfied with checkpoint X-Ray SLC Type2

® Read Scan Histogram (EW) ® Read Scan Histogram
(X-Ray 1Gr + EW + RD100K + 3Months)

1DP 2DP 1DP 2DP

100

® Status 0 ® Status 0
@ Status 1 @ Status _1
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SLC (EOL Latency) — X-Ray SLC Type2

M Read latency satisfied with checkpoint X-Ray SLC Type2

X-Ray 1Gr + EW + RD100K + 3Months

ITEM Stack Average

Latency
Worst S5E
Dies

Average Worst
All S5E Case
Dies S5E Die

tR<160us

2DP tR<160us TBD
X-Ray
SLC
Type2
P 4DP tR<160us TBD
8DP tR<160us TBD

1E+003
1E+002
1E+001
1E+000

1E+003
1E+002
1E+001
1E+000

1E+003
1E+002
1E+001
1E+000

1E+003
1E+002
1E+001
1E+000

® Indepth Histogram

(X-Ray 1Gr + EW + RD100K + 3Months)
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SLC (Sequential Throughput) — X-Ray SLC T (1M)

M Throughput Test satisfied with checkpoint X-Ray SLC Type3 (1M)

® Throughput Measurement Table

Stack 1DP 2DP 4DP 8DP
Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst
Package Package Band Package Package Band Package Package Band Package Package Band

Throughput

Initial

X-Ray 1Gr + EW + RD100K +
1Month

® Throughput vs. Sample(PKG) (Initial)

Throughput vs. Sample (1DP) Throughput vs. Sample (ZDP) Throughput vs. Sample (4DP) Throughput vs. Sample (BDP)

1300 2000 2000 2000
1200 oAVg 1900 1900 1900
® Max 1800 1800 1800

1100 Mi 1700 =] . 1700 oL RESRES VI (] 1700 <SSR OO 65 N
1000 . in 18600 1600 1800
1500 1500 1500
900 VOBLIMBDS, 1400 1400 1400
800 1300 1300 1300
1200 1200 1200
700 1100 1100 1100

600 1000 . 1000 : 1000 .

000 Min 850Mbps 000 Min 850Mbps 000 Min 850Mbps
500 Min 430Mbps 800 800 800
400 Fdele] TOoOo ele]
S00 500 G600
300 500 500 500
200 400 400 400

® Throughput vs. Sample(PKG) (X-Ray 1Gr + EW + RD100K + 1Month)

1300 2000 2000 2000
1200 @ Avg 1900 1900 1900
@ Max 1800 1800 1800
1100 @ Min RO IO € € € G G R G € G 1700 1700
1000 1600 Avg 1530M 1600 Awg 1530M 1600 Avg 1530M
1500 1500 1500
900 1400 1400 1400
00 NN T v 1300 1300 1300
1200 1200 1200
700 1100 1100 1100
600 1000 1000 1000
900 900 900
500 800 800 800
400 700 700 700
200 600 - 600 _ 600 _
Min 215Mbps 500 Min 425Mbps 500 Min 425Mbps 500 Min 425Mbps
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SLC (RC Throughput) — X-Ray SLC Type3 (1

M Throughput Test satisfied with checkpoint X-Ray SLC Type3 (1M)

® Throughput Measurement Table

Stack 1DP 2DP 4DP 8DP
Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst
Package Package Band Package Package Band Package Package Band Package Package Band

Throughput

X-Ray 1Gr + EW + RD100K +
1Month

® Throughput vs. Sample(PKG) (X-Ray 1Gr + EW + RD100K + 1Month)

1300 2000 2000 2000
1200 @ Avg 1800 1900 1900
® Max 1800 1800 1800

1100 @ Min 1700 1700 1700 O

1000 1600 Avg 1530M. .. 1600 Avg 1530M. .. 1600 Avg 1530M. ..

1500 1500 1500
200 1400 1400 1400
800 m 1300 1300 1300
1200 1200 1200
700 1100 1100 1100
600 1000 1000 1000
900 900 900
500 800 800 800
400 700 T0O0 700
600 600 600

300 Min 215Mbps 500 Min 425Mbps 500 Min 425Mbps 500 Min 425Mbps
200 400 400 400
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SLC (RR Throughput) — X-Ray SLC Type3 (1

M Throughput Test satisfied with checkpoint X-Ray SLC Type3 (1M)

® Throughput Measurement Table

Stack 1DP 2DP 4DP 8DP
Throuahout Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst
ghp Package Package Band Package Package Band Package Package Band Package Package Band
Initial
X-Ray 1Gr + EW + RD100K +
1Month
® Throughput vs. Sample(PKG) (Initial)
200 300 300 o " ® e 300
oo o Py g, Terge s
180 @ Avg 280 280 Wom@m 280 ‘%?"""“M
&
160 | @ M?x 260 60 J“....'?.%Aﬁ...o:“ 260 v@g!’ %\W! c.;g%
® Min 240 240 240 «
140
220
120 200 220 220
200 200
100 180 Avg 180KI. Avg 180KIO
80 Avg 71 1KIO 160 180 180
Awvg 1395KI 160 160
50 140
Min 39.5KIO 120 140 140
40
100 120 120
20 Min 77 5KIO Min 100KIO Min 100KIO
80 100 100
® Throughput vs. Sample(PKG) (X-Ray 1Gr + EW + RD100K + 1Month)
Throughput vs. Sample (4DP)
200 300 300 o ® ) hd ® 300 «@e
180 © AVg 280 280 OM 280 m oﬁssoo
@ M_ax 260 260 @&%MM 260 fn W S S
150 @ Min 240 240 240 @ - &
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120 fgg 200 200
100 % 1680 :22 Awg 160K ::22 Avg 1680KIOC
8o Avg 63.2KIO. . :;g Ave 124KIoPs 140 140
80 120 120
100
100 100
40 80
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SLC (Read Scan) — X-Ray SLC Type3 (1M)
M Read Scan satisfied with checkpoint X-Ray SLC Type3 (1M)

® Read Scan Histogram (EW) ® Read Scan Histogram
(X-Ray 1Gr + EW + RD100K + 1Month)
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® Status 0 ® Status 0
@ Status 1 @ Status _1
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SLC (EOL Latency) — X-Ray SLC Type3 (1M)

M Read latency satisfied with checkpoint X-Ray SLC Type3 (1M)

X-Ray 1Gr + EW + RD100K + 1Month

Average
Latency
Worst S5E
Dies

Average Worst
All S5E Case
Dies S5E Die

tR<160us

X-Ray 2DP tR<160us TBD

SLC

Type3

(1M) 4DP tR<160us TBD
8DP tR<160us TBD
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1E+001
1E+000
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1E+002
1E+001
1E+000

® Indepth Histogram
(X-Ray 1Gr + EW + RD100K + 1Month)
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SLC (Sequential Throughput) — X-Ray SLC T (3M)

M Throughput Test satisfied with checkpoint X-Ray SLC Type3 (3M)

® Throughput Measurement Table

Stack 1DP 2DP 4DP 8DP
Throughput Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst
ghp Package Package Band Package Package Band Package Package Band Package Package Band
X-Ray 1Gr + EW + RD100K +
3Month

1300 2000 2000 2000
1900 1900 1900
1200 o AVg 1800 1800 1800

1100 @ Max 1700 &) - 1700 YOS TSR 1700 - coTTEET————— O L6 L5 N
H 1600 1600 1600
1000 . Mln 1500 1500 1500
900 Yo, BATMbpS, 1400 1400 1400
800 1300 1300 1300
1200 1200 1200
700 1100 1100 1100

800 1000 . 1000 - 1000 .

Q00 Min 850Mbps Q00 Min 850Mbps Q00 Min 850Mbps
S00 Min 430Mbps 800 800 800
400 Foo FOoOo Fjsle]
600 600 800
300 500 500 500
200 400 400 400

® Throughput vs. Sample(PKG) (X-Ray 1Gr + EW + RD100K + 3Month)
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1200/ @ ':IIVQ 1800 1800 1800
1100 @ Max 1700 A R G R L O 1700 1700
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1500 1500 1500
900 1400 1400 1400
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SLC (RC Throughput) — X-Ray SLC Type3 (3

M Throughput Test satisfied with checkpoint X-Ray SLC Type3 (3M)

® Throughput Measurement Table

Stack 1DP 2DP 4DP 8DP
Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst
Package Package Band Package Package Band Package Package Band Package Package Band

Throughput

X-Ray 1Gr + EW + RD100K +
3Month

® Throughput vs. Sample(PKG) (X-Ray 1Gr + EW + RD100K + 3Month)

1300 2000 2000 2000
1900 1900 1900
1200 © :;IVQ 1800 1800 1800
1100 ® Max 1700 O 1700 1700 OO e T O T T TTITT
1000 [ ] Min 1600 Avg 1530M. .. 1600 Avg 1530M. .. 1600 Avg 1530M. ..
1500 1500 1500
900 1400 1400 1400
coo T e rmer s 300 1500 300
1200 1200 1200
700 1100 1100 1100
600 1000 1000 1000
900 900 900
500 800 800 800
400 700 700 700
600 600 600
300 Min 215Mbps 500 Min 425Mbps 500 Min 425Mbps 500 Min 425Mbps
200 400 400 400
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SLC (RR Throughput) — X-Ray SLC Type3 (3

M Throughput Test satisfied with checkpoint X-Ray SLC Type3 (3M)

® Throughput Measurement Table

Stack 1DP 2DP 4DP 8DP
Throuahout Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst Avg. Worst
ghp Package Package Band Package Package Band Package Package Band Package Package Band
Initial
X-Ray 1Gr + EW + RD100K +
3Month
® Throughput vs. Sample(PKG) (Initial)
- -
200 300 300 o - 300
oo o Py g, Terge s 9
180 D Avg 280 280 Wo@@m 280 %ﬁ'fﬂ.M
160 | @ M?x 260 60 J“..:.'?.%Aﬁ...o:“ 260 v@g!’ %\ngg%
@ Min 240 e
140 240 240
=220 220 220
120
200
200 200
100 180 Avg 180KI. Avg 180KIO
80 Avg T1.1KIO 160 180 180
Awvg 1395KI
50 140 160 160
Min 39.5KIO 120 140 140
40
100 120 120
20 Min 77 5KIO Min 100KIO Min 100KIO
80 100 100
OThroughput vs. Sample(PKG) (X-Ray 1Gr + EW + RD100K + 3Month)
200 300 300 300
180 O Avg 280 280 280
® Max 260 260 260
160 @ Min 240 240 240
140 220 220 220
120 200 200 200
Y 180 180 180
100 160 Avg 160KI... Avg 160KIO...
1680 1680
140 Avg 124KIOP
8o Avg 63.2KIO. .. 120 s ° 140 140
60 120 120
100
100 100
40 80
Min 19 75K 60 80 80
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40
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SLC (Read Scan) — X-Ray SLC Type3 (3M)
M Read Scan satisfied with checkpoint X-Ray SLC Type3 (3M)

® Read Scan Histogram (EW)

% of Total count of ScanGrade)
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2DP

® Status 0
@ Status _1

8DP
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SLC (EOL Latency) — X-Ray SLC Type3 (3M)
M Read latency satisfied with checkpoint X-Ray SLC Type3 (3M)

X-Ray 1Gr + EW + RD100K + 3Month ® Indepth Histogram
(X-Ray 1Gr + EW + RD100K + 3Month)
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[QUALS] TLC Reliability
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QUALS Reliability Temp Measurement

Reliability Sensor Measurement(1DP/2DP) ® AVG_TEWP
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QUALS Reliability Temp Measurement

Reliability Sensor Measurement(4DP/8DP) @ AVG_TEMP
® VAX_TEMP
Lo AL @ MIN_TEMP
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QUALS Reliability Cycling Bitflips Measure

M EW No. of Chunk vs. Bit Flips
Pre-EW : Random pattern @ 90% Cycle (55°C) , 10% cycle(85°C)
Bitflip Monitor 1Checkpoint @90%, 2Checkpoint @10%

1DP 2DP
600

@cr1
@cr2

6E+002
A4E+002

2E+002

1E+002

B6E+001
4E+001

oog
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2E+002
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2E+001
1E+001
BE+000
4E+000
2E+000
1E+000
0 200 400 600

No of Chunk(4KB)

ME
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600 600

800 1000



Confidential

QUALS Reliability tPROG/tBERS

1 .
Izl EW tPROG/tBERS tPROG = FZ tPROG,PAGEi
EW : Random pattern @ 90% Cycle (565°C) , 10% cycle(85°C)
Bitflip Monitor 1Checkpoint @90%, 1Checkpoint @10%
tPROG worst := Average_dies(Average_blocks(Average_pages(program time))) + 5*std_dies(Average_blocks(Average_pages(program time)))

tPROG average := Average_dies(Average_blocks(Average pages(program time)))
tPROG max := Max_dies(Average_blocks(Average pages(program time)))

® EW : Cycle vs tPROG ® EW : Cycle vs tBERS ® Vs
1DP 2DP 4DP 8DP 1DP 2DP 4DP 8DP OAVQ
334 @ tPROG worst . ® 4560 ) Min
332 @ tPROG average . a0 . .
s30 ® tPROG max
s - 4520 . .
328 - - 4500
324 ” § 4530 ® L] §
3z2 @ ®
4580 -
320 .
. 318 ® ) 4540
(g 316 . \:/ 4820 ® @ @
g 314 ® % 4500 -
9—-' 332 —_— 4540
330 \
328 i 20
126 4500
324 S — L 4580 =
322 T 4580
20 4540
31 - \ \
315 \ / AE20 \
314 R 4500
cP1 Pz cP1 cP2 cP1 cP2 cP1 P2 cF cr2 cF cr2 cF cF2 R C%
Cycle :
CyC|e y www.skhynix.com SK hynlx
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TLC (SOL HTDR) - CP2

M Reliability Check points satisfied with checkpoint 2.

® Result Summary ® EW+ Bake 2.5yr
TLC Checkpoint 2
(Data Retention) 1E+003 @Lss
CSB
1E+001 K
Correctness L 2
Fail Bit Level 1E+000
(Indepth DEF) 100% 1E+003
1E+002 5
Max 328
EW L
1DP 300 . 1E+001
Median 108 1E+000
» Max 336 1E+003
2DP 300 1E+002 &
Median 108 =
1E+001
Max 316 1E+000
EW
4op 300 , 1E+003
Median 100
1E+002 z
Max 296 2
EW 1E+001
8DP 300 :
Median 104 1E+000 of e
] 50 100 150 200 250 300 350 400 450 500 550 600
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TLC (SOL HTDR) - CP2

M No. of Chunk vs. Correctness (By. Die)
Pre-EW : Random pattern @ 10% cycle(85°C)
Back Pattern : Random pattern @ -5°C
Bake 13hrs @ 125°C

® EW + Bake 2.5yr
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TLC (EOL HTDR) - CP3

M Reliability Check points satisfied with checkpoint 3.

Test Result PASS

Correctness
Fail Bit Level
(Indepth DEF)

® Result Summary

97%

TLC Checkpoint 3

(Data Retention)

EW

100%

100%

100%

97%

HTDR 1Y

100%

100%

100%

HTDR 1Y+2week

97%

100%

100%

100%

Max | 72 | 64 | 64 | 68 |232]232|236(|236|256|268|260{260

EW

1DP 3K
Med | 20|20(20]20|84 84|84 |84|92|96 |96 |100
Max | 68 | 68 | 68 | 72 |228|224|224|232|252|252|252|248

EW

2DP 3K
Med |20|20|20|20|80|80|80|80|88|92|92]|92
Max | 64 | 64 | 60 | 64 |216]212]216|212|252|260|256|248

EW

4DP 3K
Med |20|20(20|20180|76|76|76|84|88|88|88
Max | 84 | 72 | 84 | 84 |208|204|212|212|236|240|244|240

EW

8DP 3K
Med |24120(24|24180|76|80|76|84|88|88|88

1E+003

1E+002 TER

1E+001

1E+000
1E+003

1E+002
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Confidential

TLC (EOL HTDR) - CP3

M Reliability Check points satisfied with checkpoint 3.

® EW+ HTDR 1Yr+ 2Week

1E+003 ®Lst
@csB

1E+002 s
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Confidential

TLC (EOL HTDR) - CP3

M No. of Chunk vs. Correctness (By. Die)
Pre-EW : Random pattern @ 90% Cycle (55°C) , 10% cycle(85°C)
Back Pattern : Random pattern @ -5°C
Bake 5.5Hr @ 125°C

® EW ® EW+HTDR 1Yr
97% 100% 100% 100% 97% 100% 100% 100%

(4003 1E+003

1E+002 = 1E+002 .
1E+001 E 1E+001 v
1E+000 1E+000
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0 200 400 6000 200 400 6000 200 400 600 O 200 400 OO 0 200 400 6000 200 400 600 Q 200 400 GOO O 200 400 60O
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Confidential

TLC (EOL HTDR) - CP3

M No. of Chunk vs. Correctness (By. Die)
Pre-EW : Random pattern @ 90% Cycle (55°C) , 10% cycle(85°C)
Back Pattern : Random pattern @ -5°C
Bake 5.5Hr @ 125°C

® EW + HTDR 1Yr + 2Week

97% 100% 100% 100%
1E+003

1E+002

1E+001

1E+000
1E+003

1E+002

1E+001
1E+000

1E+003
1E+002

dd1

d3Z

dadf

1E+001
1E+000
1E+003
1E+002

1E+001
1E+000  fif EED 1 i 13 D100, 1 EL
0 200 400 GOOD 200 400 GOO D 200 400 GOO O 200 400 60O

dds

www.skhynix.com SK hynix



TLC (EOL HTDR) - CP3

Confidential

M Reliability Check points satisfied with checkpoint 3.

® Result Summary

TLC Checkpoint 3
(Data Retention)

Test Result PASS

HTDR 1Y HTDR 1Y+2week
Correctness
Fail Bit Level
(Indepth ADSP) 100%
Max 512 | 488 | 476 | 524 | 544 | 468 | 500 | 500
1DP %YX
Med 80 | 80 | 80 | 80 | 88 | 92 | 92 | 92
Max 416 | 480 | 560 | 496 | 436 | 464 | 544 | 484
2DP i\}/(\/
Med 76 | 76 | 76 | 76 | 84 | 84 | 84 | 84
Max 476 | 444 | 432 | 452 | 468 | 464 | 416 | 448
4DP I:E;Y(V
Med 76 | 76 | 76 | 76 | 84 | 84 | 84 | 84
Max 468 | 608 | 480 | 468 | 492 | 552 | 520 | 576
8DP K
Med 76 | 76 | 76 | 76 | 80 | 84 | 84 | 84

® EW+ HTDR 1Yr (ADSP)
97% 100% 100% 100%

1E+002

1E+000

1E+002
1E+000
1E+002 %

1E+000

1E+002

1E+000
0 500 10000 500 10000 500 10000 500 1000

b

>
www.skhynix.com SK hyn IX

dar d3az dl

as



Confidential

TLC (EOL HTDR) - CP3

M No. of Chunk vs. Correctness (By. Die)
Pre-EW : Random pattern @ 90% Cycle (55°C) , 10% cycle(85°C)
Back Pattern : Random pattern @ -5°C
Bake 5.5Hr @ 125°C

® EW + HTDR 1Yr (ADSP) ® EW + HTDR 1Yr + 2Week(ADSP)
97% 100% 100% 100% 97% 100% 100% 100%

1E+002 3 1E+002 -
Y o

1E+000 [ 1E+000 i Lo i f -

1E+002 3 1E+002 N
Y 0

TE+000 i 1E+000 g g . | g .

1E+002 = 1E+002 >
Ly 0
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1E002 3 1E+002 1 i 0
o 5 0

1E+000 S , b, ey 1E+000 355 e e

0 500 10000 500 10000 500 1000 0 500 10000 500 10000 500 10000 500 1000
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Confidential

TLC (EOL Latency) — CP11

M Reliability Check points satisfied with checkpoint 11.

® Result Summary ® EW+ 1Month
TLC Checkpoint 3 gk % 100% 1007%
(Data Retention) 1E+003 @ LsB
23
1E+001

EW 1Month

Correctness

1E+000
Fail Bit Level

(Indepth DEF) 97% 100% 100% 100% 97% 100% 100% 1E+003

1E+002
e | En Max | 72 | 64 | 64 | 68 | 108 | 108 | 108 | 112 | |,y
Median | 20 | 20 | 20 | 20 | 40 | 40 | 40 | 40 1E+000

v | e | 68 | 68 | 68 | 72 104|108 | 112|124 |
2DP 1E+002

¥ Medan | 20 | 20 | 20 | 20 | 36 | 36 | 36 | 36 1E+001
. Max | 64 | 64 | 60 | 64 | 100 | 100 | 100 | 100 | |1E+000
4DP
K . 1E+003
Median | 20 | 20 | 20 | 20 | 36 | 36 | 36 | 36
1E+002
EW Max 84 72 84 84 112 108 128 124 1E+001

¥ I medn | 24 | 20 | 24 | 24 | 36 | 36 | 36 | 36 1E+000

= [a]:)

02
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i
fﬁ
f%
%

100
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Confidential

TLC (EOL Latency) — CP11

M No. of Chunk vs. Correctness (By. Die)
Pre-EW : Random pattern @ 90% Cycle (55°C) , 10% cycle(85°C)
Back Pattern : Random pattern @ -5°C
Tmonth@ 45°C with cross temp 60 °C

® EW ® EW + 1Month
97% 100% 100% 100% 97% 100% 100% 100%

1E+003 1E+003

1E£002 = 1E+002 =
T T

1E£001 1E£001
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T T
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1E+000 E 1E£000 [ 4=
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[

www.skhynix.com SK hynix



Confidential

TLC (EOL Latency) — CP11

M Read Latency Distribution@ EW + RD 100K + 1month@ 45°C with cross temp 60 °C
Pre-EW : Random pattern @ 90% Cycle (55°C) , 10% cycle(85°C)
Back Pattern : Random pattern @ 10°C
Read disturb 100K @ 25°C
1month@ 45°C with cross temp 60 °C

® No. of Chunk vs. Read Latency
(EW + RD 100K + 1month)
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TLC (SOL X-Temp) — CP4A

Confidential

M Reliability Check points satisfied with checkpoint 4A.

Test Result PASS

Correctness
Fail Bit Level
(Indepth DEF)

® Result Summary

TLC Checkpoint 4A
(X-Temp)

EW

97% |100% | 100% | 100% | 97% | 100% | 100%

100°C Cross Temp

100%

100°C Cross Temp
+2Week

97%

100%

100%

100%

Max | 72 | 64 | 64 | 68 [196]196|192(192|212|208|216|208

EW

1DP 300
Med |20|20(20[20 |72 |72 |72|72|76|76|76)|76
Max | 68 | 68 | 68 | 72 |204|212|220|216|220|228|228|236

EW

2DP 300
Med 120[20|20|20|68|68|68|68|72|76|76|76
Max | 64 | 64 | 60 | 64 |184]|184|196|188|212|216|212|212

EW

4DP 300
Med |20|20(20[20|64 |64 |64 |64 |68 |72|72]|72
Max | 84 |72 | 84 | 84 |212|208|228|220{228|216|224|204

EW

8DP 300
Med |24 120242416464 |68 |64|68|68|72]|72

1E+003
1E+002

1E+001

1E+000
1E+003

1E+002

1E+001

1E+000
1E+003
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1E+001

1E+000
1E+003

1E+002

1E+001
1E+000

200
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Confidential

TLC (SOL X-Temp) — CP4A

M Reliability Check points satisfied with checkpoint 4A.

® EW + 100°C Cross Temp + 2Week

97% 100% 100% 100%

@LsB
@csB
@ MsB
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Confidential

TLC (SOL X-Temp) — CP4A

M No. of Chunk vs. Correctness (By. Die)
Pre-EW : Random pattern @ 90% Cycle (55°C) , 10% cycle(85°C)
Back Pattern : Random pattern @ -15°C
Cross Temp 100 °C @ 85 °C

® EW ® EW + 100°C Cross Temp
97% 100% 100% 100% 97% 100% 100% 100%
(ES03 1E+003
1E+002 a 1E+002 a
1E+001 E 1E+001 L
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1E+000 g = 1E+000 4 4oy - o 5
0 200 400 6000 200 400 6000 200 400 6000 200 400 600 0 200 400 6000 200 400 6000 200 400 000 200 400 600
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Confidential

TLC (SOL X-Temp) — CP4A

M No. of Chunk vs. Correctness (By. Die)
Pre-EW : Random pattern @ 90% Cycle (55°C) , 10% cycle(85°C)
Back Pattern : Random pattern @ -15°C
Cross Temp 100 °C @ 85 °C

® EW + 100°C Cross Temp + 2Week

97% 100% 100% 100%

i
|
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Confidential

TLC (SOL X-Temp) — CP4A

M Reliability Check points satisfied with checkpoint 4A.

® Result Summary ® EW + 100°C Cross Temp(ADSP)
97% 100% 100% 100%
@LsB

@csB
@ MsB

TLC Checkpoint 4A
(X-Temp)

1E+002

100°C Cross Temp 1E+000
+2Week

ddl

e

100°C Cross Temp

Correctness
Fail Bit Level

(Indepth ADSP) 1E+002

100% | 100% | 100% 100% | 100%

daz

1E+000
Max 492 | 496 | 436 | 432 | 404 | 408 | 436 | 452

Lu
1DP EXX
Med 60 60 60 60 68 68 68 68 1E+002
L

W Max 484 | 564 | 512 | 500 | 496 | 528 | 516 | 456 1E+000

2DP 300

Med
e 56 | 56 | 56 | 60 | 64 | 64 | 64 | 64 1E+002

d4ds8

Max | 460 | 452 | 588 | 572 | 456 | 488 | 572 | 656
4DP EW 1E+000

300
Med 56 | 56 | 56 | 56 | 64 | 60 | 64 | 60 0 500 1000 0 500 1000 0 500 1000 0 500 1000

rr r
rr r r
r r

L]

Ew Max 544 | 588 | 512 | 516 | 544 | 480 | 532 | 524

300

8DP
Med 56 | 56 | 56 | 56 | 60 | 60 | 60 | 60

by

>
www.skhynix.com SK hynlx



Confidential

TLC (SOL X-Temp) — CP4A

M No. of Chunk vs. Correctness (By. Die)
Pre-EW : Random pattern @ 90% Cycle (55°C) , 10% cycle(85°C)
Back Pattern : Random pattern @ -15°C
Cross Temp 100 °C @ 85 °C

® EW + 100°C Cross Temp(ADSP) ® EW + 100°C Cross Temp + 2Week(ADSP)
97% 100% 100% 100% 97% 100% 100% 100%
1E+002 0 1E+002 o
Y 0
1E+Q00 = 8 : i ! : 1E+000 H § o : |
1E+002 Y 1E+002 3
T 0
1E+Dt][l I . 1E+000 | i . i i
1E+002 5 1E+002 5
T T
1E+000 1E+000
1E+002 2 1£+002 2
I T 3
1E+000 §== 1E+000 =

1000 0 500 10000 500 1000 O 500 1000

-
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Confidential

TLC (EOL X-Temp) — CP4B

M Reliability Check points satisfied with checkpoint 4B.

® Result Summary ® EW + 100°C Cross Temp
TLC Checkpoint 4B o 1o 1o 1o
(X-Temp) 1E+003 @LsB
1E+002 § 8:[235 =
EW 100°C Cross Temp 1E+000
Correctness
Fail Bit Level 1E+003
(Indepth DEF) 97% 100% | 100% | 100% 97% 100% | 100% 1E+002 § 3
max | 72 | 64 | 64 | 68 | 100 | 104 | 100 | 100 e ’
o | EW 1E+000
3K
Median 20 20 20 20 36 32 36 36 1E+003
M 68 68 68 72 96 100 | 108 | 104 TE+002 5
ax
oop | EW 1E+001 : H ! v
3K
Median 20 20 20 20 32 32 32 32 1E+000
y 1E+003
wop i\{(\/ ax 04 64 60 04 96 88 92 92 1E400 o 2
Median 20 20 20 20 32 32 32 32 1E+001 : & s ?
1E+000
wop | EW Max | 84 | 72 | 84 | 84 | 116 | 112 | 128 | 124 0 200 400 6000 200 400 6000 200 400 600 0 200 400 600
3K
Median 24 20 24 24 32 32 32 32

by
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Confidential

TLC (EOL X-Temp) — CP4B

M No. of Chunk vs. Correctness (By. Die)
Pre-EW : Random pattern @ 90% Cycle (55°C) , 10% cycle(85°C)
Back Pattern : Random pattern @ -15°C
Cross Temp 100 °C @ 85 °C

® EW ® EW + 100°C Cross Temp
97% 100% 100% 100% 97% 100% 100% 100%

1E4003 1E+003

1E4002 5 1E4002 5
T T
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1E+002 5 1E+002 S
T T
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TLC (EOL X-Temp) — CP4AC

M Reliability Check points satisfied with checkpoint 4C.

® Result Summary ® EW + 100°C Cross Temp
TLC Checkpoint 4C o 100% 100% 100%
(X-Temp) 1E+003 @LsB
1E+002 @®css .
1E+001 H H ]
EW 100°C Cross Temp 1E+000
Correctness
Fail Bit Level 1E+003
(Indepth DEF) 100% | 100% | 100% | 97% | 100% | 100% 1E+002 ; g
)
vax | 72 | 64 | 64 | 68 | 104 | 100 | 100 | 104 E+001 : ! i !
1DP %Y(V 1E+000
Median 20 20 20 20 36 36 36 36 1E+003
1E+002 - § 5
EW Max 68 68 08 72 104 | 108 | 108 | 108 T
2DP 3K 1E+001 ] ] ]
Median 20 20 20 20 36 36 36 36 1E+000
1E+003
Max 64 64 60 64 112 | 116 | 108 | 116
4DP %Y(V 1E+002 g
Median 20 20 20 20 36 36 36 36 1E+001 ! K
Max 84 72 84 84 136 | 136 | 140 | 132 E+000
8DP %Y(V 0 200 400 00 O 200 400 600 O 200 400 600 0 200 400 60O
Median 24 20 24 24 40 40 40 40
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TLC (EOL X-Temp) — CP4AC

M No. of Chunk vs. Correctness (By. Die)
Pre-EW : Random pattern @ 90% Cycle (55°C) , 10% cycle(85°C)
Back Pattern : Random pattern @ 85°C
Cross Temp 100 °C @ -15 °C

® EW ® EW + 100°C Cross Temp
97% 100% 100% 100% 97% 100% 100% 100%
1E+003 1E+003
1E£002 = 1E+002 =
Y T
1E£001 1E+001 |
1E+000 ] | 1E+000
1E+003 1E+003
1E£002 B 1E+002 =
T T
1E£001 1E+001
1E+000 1E+000 ° : : ]
1E+003 1E+003
1E£002 = 1E+002 s
T T
1E£001 1E+001
1E+000 1E+000
1E+003 1) : 1E+003 -
1E+002 @ @ 1E+002 - @
L ] T ibr T
1E+001 - 1E+001 - ¥ b
1E£000 g = 1E+000 PEE = |is
0 200 400 6000 200 400 6000 200 400 6000 200 400 60O 0 200 400 6000 200 400 6000 200 400 6000 200 400 600
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QUAL10] TLC
Latency / Throughput
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QUAL10 TLC Latency Temp Measurement

TLC Latency temp Sensor Measurement (1/2DP)

1DP 20DP
90
. 85C o 85C
80 ° ° @ Avg(TEMP)
. . @ Max(TEMP)
Min(TEMP
70 o o () Min(TEMP)
60
55C 55C
[ ] - ®
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QUAL10 TLC Latency Temp Measurement

TLC Latency temp Sensor Measurement (4/8DP)

4DP 8DP
85C 85C
@ [ ]
80 ° . @ Avg(TEMP)
. . @ Max(TEMP)
70 . ) @ Min(TEMP)
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QUAL10 Latency Cycling Bitflips Measureme

M EW No. of Chunk vs. Bit Flips
Pre-EW : Random pattern @ 90% Cycle (55°C) , 10% cycle(85°C)
Bitflip Monitor 1Checkpoint @90%, 2Checkpoint @10%

No of Chunk(4KB)
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Confidential

QUAL10 Reliability tPROG/tBERS

1 .
Izl EW tPROG/tBERS tPROG = FZ tPROG,PAGEi
EW : Random pattern @ 90% Cycle (565°C) , 10% cycle(85°C)
Bitflip Monitor 1Checkpoint @90%, 1Checkpoint @10%
tPROG worst := Average_dies(Average_blocks(Average_pages(program time))) + 5*std_dies(Average_blocks(Average_pages(program time)))

tPROG average := Average_dies(Average_blocks(Average pages(program time)))
tPROG max := Max_dies(Average_blocks(Average pages(program time)))

° (PROG average ® EW : Cycle vs tPROG ® EVW : Cycle vs tBERS

® tPROG max

2DP 4DP 8DP 1DP 2DP 4DP 8DP @ Max
338 4880
-t * 4560 OAVg
334 (O Min
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L ]
330 - 4820 - ®
328
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T s . . B o
» 8 - - S
2 a6 U/) 4520 . & .
8 34 ¥ aso0 ®
338 L sass0
X =3 T om
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328
- [ 800 [
e -~
a9 — — e 4580
3z2 Te— 4560
320
4540
338
S
216 / / 1520 \
314 4500
cPi cPz2 cPi cPz cP1 cPz cP1 cPz cP1 cPz cP1 chC | cP1 cP2 CcP1 cP2

-
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TLC (SOL Latency) — CP8

M No. of Chunk vs. Correctness
Pre-EW : Random pattern 10% cycle(85°C)
Back Pattern : Random pattern @ 10°C
Read disturb 100K @ 25°C
3months@ 45°C with cross temp 30 °C

® EW ® E\W + RD 100K + 3Months
7% 100% 100% 100% 97% 100% 100% 100%

1E+003 ®Lss 1E+003 @ LsB

1E+002 @®css 2 1E+002 @css  :
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TLC (SOL Latency) — CP8

M No. of Chunk vs. Correctness (By. Die)
Pre-EW : Random pattern 10% cycle(85°C)
Back Pattern : Random pattern @ 10°C
Read disturb 100K @ 25°C
3months@ 45°C with cross temp 30 °C

® EW ® EW + RD 100K + 3Months
97% 100% 100% 100% 97% 100% 100% 100%
l : ! 1E+003
1E4002 = 1E+002 =
k 1E+001 ] E
1E+000 1F+000 = =
. 1E2003
1E+002 ! ‘ S 1E+002 g
K 1E001 i 3 E
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K 1E4001 E
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0 200 400 6000 200 400 6000 200 400 6000 200 400 600 0 200 400 6000 200 400 6000 200 400 6000 200 400 600
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TLC (SOL Latency) — CP8

Confidential

M Read Latency Distribution@ EW + RD 100K + 3months@ 45°C with cross temp 30 °C
Pre-EW : Random pattern 10% cycle(85°C)
Back Pattern : Random pattern @ 10°C
Read disturb 100K @ 25°C
3months@ 45°C with cross temp 30 °C
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® No. of Chunk vs. Read Latency
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TLC (EOL Latency) — CP9A

Confidential

No. of Chunk vs. Correctness

Pre-EW : Random pattern @ 90% Cycle (55°C) , 10% cycle(85°C)

Back Pattern : Random pattern @ 10°C
Read disturb 100K @ 25°C
1Tmonth@ 45°C with cross temp 30 °C

® EW
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TLC (EOL Latency) — CP9A

M No. of Chunk vs. Correctness (By. Die)
Pre-EW : Random pattern @ 90% Cycle (55°C) , 10% cycle(85°C)
Back Pattern : Random pattern @ 10°C
Read disturb 100K @ 25°C
1month@ 45°C with cross temp 30 °C

® EW ® E\W + RD 100K + 1Month
97% 100% 100% 100% 97% 100% 100% 100%
1E+003 ; =
1E4002 ! = 1E+002 -
v 1E+001 k
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0 200 400 6000 200 400 6000 200 400 6000 200 400 60O 0 200 400 6000 200 400 6000 200 400 600 0 200 400 600
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TLC (EOL Latency) — CP9A

M Read Latency Distribution@ EW + RD 100K + 1month@ 45°C with cross temp 30 °C
Pre-EW : Random pattern @ 90% Cycle (55°C) , 10% cycle(85°C)
Back Pattern : Random pattern @ 10°C
Read disturb 100K @ 25°C
1Tmonth@ 45°C with cross temp 30 °C

® No. of Chunk vs. Read Latency

[
No. of Chunl(<E\\//% Read Latency (EW % RD 100K + 1month)
8E+005 8E+005
@<=160 4 @<=160 =2
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T T
0EX000 | 0E:000 |
0 1000 2000 3000 4000 5000 6000 7000 8OO0 9000 10000 0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
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TLC (EOL Latency) — CP9C

M No. of Chunk vs. Correctness
Pre-EW : Random pattern @ 90% Cycle (55°C) , 10% cycle(85°C)
Back Pattern : Random pattern @ 10°C
Read disturb 100K @ 25°C
1month@ 35°C with cross temp 30 °C

) EW ® EW + RD 100K + 1Month
97% 7% 100% 100% 100%
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TLC (EOL Latency) — CP9C

M No. of Chunk vs. Correctness (By. Die)
Pre-EW : Random pattern @ 90% Cycle (55°C) , 10% cycle(85°C)
Back Pattern : Random pattern @ 10°C
Read disturb 100K @ 25°C
1months@ 35°C with cross temp 30 °C

® EW ® EW + RD 100K + 1Month
97% 100% 100% 100% 97% 100% 100% 100%
1E+003 8 ' :
1E+002 = 1E£002 .
! ° 1E£001 °
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0 200 400 6000 200 400 6000 200 400 6000 200 400 600 0 200 400 G000 200 400 6000 200 400 6000 200 400 600
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TLC (EOL Latency) — CP9C

Confidential

M Read Latency Distribution@ EW + RD 100K + 1month@ 35°C with cross temp 30 °C

Pre-EW : Random pattern @ 90% Cycle (55°C) , 10% cycle(85°C)
Back Pattern : Random pattern @ 10°C

Read disturb 100K @ 25°C

1month@ 35°C with cross temp 30 °C

® No. of Chunk vs. Read Latency
(EW)
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TLC (Erase Tolerance) — CP10

Confidential

M No. of Chunk vs. Correctness

Pre-EW : Random pattern 10% cycle(85°C)
Back Pattern : Random pattern @ 10°C
Read disturb 100K @ 25°C

3months@ 45°C with cross temp 30 °C

® PGM
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TLC (Erase Tolerance) — CP10

M No. of Chunk vs. Correctness (By. Die)
Pre-EW : Random pattern 10% cycle(85°C)
Back Pattern : Random pattern @ 10°C
Read disturb 100K @ 25°C
3months@ 45°C with cross temp 30 °C

® PGM ® PGM + 12Months+2week

1E+003 1E+003

E+002 o E+002 o
0 )

1E+001 1E+001

1E+000 1E+000

1E+003 1E+003

1E+002 5 1E+002 9
) o

1E+001 1E+001

1E+000 1E+000

1E+003 1E+003

1E+002 5 1E+002 S
T T

1E+001 1E+001

1E+000 1E+000

1E+003 1E+003

1E+002 S 1E+002 3
T T

1E+001 1E+001

1E+000 ; 1E+000 B TN

0 50 100 150 200 250 300 350 400 450 500 550 600 0 50 100 150 200 250 300 350 400 450 500 550 600

www.skhynix.com SK hynix



Confidential

[QUAL12] SLC Reliability
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QUAL12 SLC Reliability Temp Measurement

SLC Reliability Sensor Measurement(1DP/2DP) :avg((TT IIEE“I':!FI;))
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QUAL12 SLC Reliability Temp Measurement

T Avg(TEMP)
SLC Reliability Sensor Measurement(4DP/8DP) :MaXUEMp)
4DP 80P . Min(TEMP)
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ment

M EW No. of Chunk vs. Bit Flips
Pre-EW : Random pattern @ 90% Cycle (55°C) , 10% cycle(85°C)
Bitflip Monitor 1Checkpoint @90%, 1Checkpoint @10%

No of Chunk(4KB)
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QUAL12 Reliability tPROG/tBERS

1 .
Izl EW tPROG/tBERS tPROG = FZ tPROG,PAGEi
EW : Random pattern @ 90% Cycle (565°C) , 10% cycle(85°C)
Bitflip Monitor 1Checkpoint @90%, 1Checkpoint @10%

tPROG worst := Average_dies(Average_blocks(Average_pages(program time))) + 5*std_dies(Average_blocks(Average_pages(program time)))
tPROG average := Average_dies(Average_blocks(Average pages(program time)))
tPROG max := Max_dies(Average_blocks(Average pages(program time)))

® EW : Cycle vs tPROG ® EW : Cycle vs tBERS
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SLC (EOL HTDR) - CP3

M Reliability Check points satisfied with checkpoint 3.

® Result Summary ® EW+ HTDR 1Yr
97% 100% 100% 100%
SLC Checkpoint 3 1E+004
(Data Retention)
1E£002 =
1E+000
EW HTDR 1Y HTDR 1Y+2week 1E£004
Correctness
Fail Bit Level '
(Indepth DEF) 97% |100% | 100% | 100% | 97% | 100% | 100% | 100% | 97% |100% | 100% | 100% 1E+002 :
1E+000
w Max |20 (16 |20116 |12 1212112121212 |12 1E+004
DP 1 400k
Med | 4 1414|4414 4444144 | Ea %
W Max |16 162012012 1211211212112 ]|12 |12 1E+000
2DP 100K 1E+004
Med | 4 | 4 | 4|4 |414|4|414)|4)|4]| 4 .
1E4002 G
Max |20 (16|16 |16 |12 |16 1212|1212 |16|12
aop | ol 1E+000
Med 4 141444 4 4 4 141444 0 200 400 6000 200 400 e00 O 200 400 600 O 200 400 OO
W Max |20 |120|20116 |16 |12 1121121211612 |12
8DP | 400k
Med | 4 | 4|4 |4 |414|4|414)|4)|4]| 4
e
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SLC (EOL HTDR) - CP3

M No. of Chunk vs. Correctness (By. Die)
Pre-EW : Random pattern @ 90% Cycle (55°C) , 10% cycle(85°C)
Back Pattern : Random pattern @ -5°C
Bake 5.5Hr @ 125°C

® EW ® EW+HTDR 1Yr
97% 100% 100% 100% 97% 100% 100% 100%

1E+0M4 ] 1 ; 1E+004 1 1 1 1
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0 200 400 6000 200 400 G000 200 400 6000 200 400 600 0 200 400 6000 200 400 6000 200 400 6000 200 400 600

e
www.skhynix.com SK hynix



Confidential

SLC (EOL HTDR) - CP3

M No. of Chunk vs. Correctness (By. Die)
Pre-EW : Random pattern @ 90% Cycle (55°C) , 10% cycle(85°C)
Back Pattern : Random pattern @ -5°C
Bake 5.5Hr @ 125°C

® EW + HTDR 1Yr + 2week
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1E+004 U U 1

1E+002

ddL

1E+000 &
1E+004

o

1E+002

d0Z

1E+000
1E+004

1E+002

I=[af

1E+000 i :
1E+004 I I I

1E+002 ‘ | | h

1E+000 | ! i !
0 200 400 6000 200 400 6000 200 400 600 200 400 600

=[af=}

www.skhynix.com SK hynix



Confidential

SLC (EOL HTDR) - CP3

M Reliability Check points satisfied with checkpoint 3.

® Result Summary ® EW+ HTDR 1Yr(ADSP)
e — 97% 100% 100% 100%
(Data Retention) 1E+004
g
Correctness HTPR 1Y 1E+DDD L L L
Fail Bit Level . 100% 100% 1E+004
1%
Max 24 28 24 20 1E+002 g
0P 100K l L L L
Median 4 4 4 4 1E+000
1E+004
EW Max 28 24 28 28 B
2DP 100K 1E+002 U
Median 4 4 4 4 v
o M 24 24 24 24 1000 l “ : L
ax
4DP EW 100K 1 E+DD4
Median 4 4 4 4 1E+002 §
M
- = ax 24 24 24 24 1E+000 l L L
Median 4 4 4 4 0 500 10000 500 10000 500 10000 500 1000

b

>
www.skhynix.com SK hynlx



Confidential

SLC (EOL HTDR) - CP3

M No. of Chunk vs. Correctness (By. Die)
Pre-EW : Random pattern @ 90% Cycle (55°C) , 10% cycle(85°C)
Back Pattern : Random pattern @ -5°C
Bake 5.5Hr @ 125°C

® EW + HTDR 1Yr(ADSP)
97% 100% 100% 100%
1E+004 ° i i i
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SLC (EOL Latency) — CP11

M Reliability Check points satisfied with checkpoint 11.

® Result Summary ® EWW+ 1Month
97% 100% 100% 100%
SLC Checkpoint 5
(Lafecnfy‘;m 1E+004
EW 1Month 1E+000 l
Correctness
Fail Bit Level 1E+004
97% 100% 100% 100% 97% 100% 100% 100%
1E+002 5
cw Max | 20 | 16 | 20 | 16 | 12 | 12 | 12 | 16 i
1DP 100K 1E+000 t
Median | 4 4 4 4 4 4 4 4 1E£004
cw Max | 16 | 16 | 20 | 20 | 12 | 12 | 16 | 16 1E£002 8
2DP
100K
Median | 4 | 4 | 4 | 4 | 4 | 4 | 4 | 4 1000 [
SLC y 1E+004
cw ax | 20 | 16 | 16 | 16 | 12 | 16 | 16 | 12
4DP | 400k z
Median | 4 | 4 | 4 | 4 | 4 | 4 | 4 | 4 1E+002 3
cw Max | 20 | 20 | 20 | 16 | 16 | 12 | 16 | 16 1E+000 [
80P | o0k 0 200 400 6000 200 400 GO0 0 200 400 600 0 200 400 600
Median | 4 4 4 4 4 4 4 4

b
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SLC (EOL Latency) —

CP11

Confidential

No. of Chunk vs. Correctness (By. Die)

Pre-EW : Random pattern @ 90% Cycle (55°C) , 10% cycle(85°C)

Back Pattern : Random pattern @ -5°C
Tmonth@ 45°C with cross temp 60 °C
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SLC (EOL Latency) — CP11

M Read Latency Distribution@ EW + RD 100K + 1month@ 45°C with cross temp 60 °C
Pre-EW : Random pattern @ 90% Cycle (55°C) , 10% cycle(85°C)
Back Pattern : Random pattern @ 10°C
Read disturb 100K @ 25°C
1month@ 45°C with cross temp 60 °C

® No. of Chunk vs. Read Latency
(EW + RD 100K + 1month)
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SLC (SOL X-Temp) — CP4A

M Reliability Check points satisfied with checkpoint 4A.

® Result Summary ® EWW+ 100°C Cross Temp
97% 100% 100% 100%
SLC Checkpoint 4A 1E+004
(X-Temp)
1E+002 =
1E+000
o 100°C Cross Temp
Correctness EW 100°C Cross Temp +2week 1E+004
Fail Bit Level '
(Indepth DEF) 97% | 100% | 100% | 100% | 97% | 100% | 100% | 100% | 97% |100% | 100% | 100% 1E+002 :
1E+000
Max |20|16|20|16| 8 | 8 |12| 8| 8| 8| 8| 8 1E+004
1DP E(\)/}V(
ved | 4|4 alalalalalalalalala] | mu :
W Max |16|16|20120| 8 | 8 | 8 |12 8 | 8 | 8 |12 1E+000
2DP 10K 1E+004
Med 4 | 4141441414144 |4]4)4 .
1E+002 5
Max |20|16|16|16|12| 8 | 8 | 8 |12|12| 8 |12
aop | BN 1E+000
Med 4 1414 4 4 4 4 14144 )|4)| 4 0 200 400 600 0 200 400 GOO O 200 400 600 O 200 400 &00
Max |20/20|20|16| 8 |12 8 |12]| 8 |12| 8 |12
8DP !]E(;/lv(
Med 4 |4 1414444141444 4
-
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SLC (SOL X-Temp) — CP4A

M No. of Chunk vs. Correctness (By. Die)
Pre-EW : Random pattern @ 90% Cycle (55°C) , 10% cycle(85°C)
Cross Temp 100 °C @ 85 °C

® EW ® EW +100°C Cross Temp
97% 100% 100% 100% 97% 100% 100% 100%
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SLC (SOL X-Temp) — CP4A

M No. of Chunk vs. Correctness (By. Die)
Pre-EW : Random pattern @ 90% Cycle (55°C) , 10% cycle(85°C)
Cross Temp 100 °C @ 85 °C

® EW +100°C Cross Temp + 2week
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1E+004 7 I

= Ran aN han

E+000 & : ;
1E+004

dd L

1E+002

ddZ

1E+000 | :
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ddf

1E+000 :
1E+004 ‘1 '1 '1

1E+002 t
1E+000 ¢ i i
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SLC (SOL X-Temp) — CP4A

M Reliability Check points satisfied with checkpoint 4A.

® Result Summary ® EWW+ 100°C Cross Temp(ADSP)
SLC Checkpoint CP4A 97% 100% 100% 100%
(X-Temp) 1E+004
0
Correctness 100°C Cross Temp 1 E+OOO l l h t
Fail Bit Level o T - 1E+004
5]
ew i 20 | 16 | 16 | 16 1E+002 0
1DP
10K Median 4 4 4 4 1E+000 l h h
1E+004
EW Max 20 16 20 16 b
2P e _ 1E+002 0
Median 4 4 4 4
sLC y 1E+000 { L s !
o e ax 32 56 32 32 {E+004
Median 4 4 4 4 1E+002 §
Max 56 52 56 48
8DP e 1E+000 § ! b A
Median 4 4 4 4 0 500 10000 500 10000 500 10000 500 1000

b

>
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SLC (SOL X-Temp) — CP4A

M No. of Chunk vs. Correctness (By. Die)
Pre-EW : Random pattern @ 90% Cycle (55°C) , 10% cycle(85°C)
Cross Temp 100 °C @ 85 °C

® EW+100°C Cross Temp(ADSP)
97% 100% 100% 100%
1E+004 i i i

1E+002

1E+000 | | |
1E+004

Jdl

1E+002

1E+000
1E+004

d34e

1E+002

1E+000
1E+004

1E+002 |
1E+000 l A ] &

0 500 10000 500 10000 500 1000 O 500 1000

Jaf

3ds
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SLC (EOL X-Temp) — CP4B

M Reliability Check points satisfied with checkpoint 4B.

® Result Summary ® EWW+100°C Cross Temp
SLC Checkpoint 4B 97% 100% 100% 100%
XTemp) 1E+004
EW 100°C C T
Correctness 058 TemP 1E+000 }
Fail Bit Level 1E+004
97% 100% 100% 100% % 100% 100% 100%
1E£002 g
Max 20 16 20 16 16 12 20 12
1DP EW
O N vedian | 4 | 4 | 4| a4 a| a4 1E+000 |
1E+004
Ew Max 16 16 20 20 12 12 12 16 .
2DP 100K 1E+002 %
Median 4 4 4 4 4 4 4 4
SLe y 1E+000 t [ [
W ax | 20 | 16 | 16 | 16 | 12 | 16 [ 16 | 16 || 1Euu
4DP
100K
Median 4 4 4 4 4 4 4 4 o
1E+002 =
Ew Max 20 20 20 16 16 16 16 12
gop | EN _ 1E£000
Median | -4 | 4 | 4 | 4 | 4 | 4 | 4 | 4 0 200 400 60D O 200 400 600 O 200 400 600 0 200 400 600
b
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SLC (EOL X-Temp) — CP4B

M No. of Chunk vs. Correctness (By. Die)
Pre-EW : Random pattern @ 90% Cycle (55°C) , 10% cycle(85°C)
Cross Temp 100 °C @ 85 °C

® EW ® EW+100°C Cross Temp
97% 100% 100% 100% 97% 100% 100% 100%

1E+004 ] ] 1 3 1E+004 ] 1 1 1
1E+002 % 1E+002 E L t L _'c:;
1E+000 7 ' ' 1 1E+000 & : :
1E+004 1E+004

] 8]
1E+002 o 1E+002 o
1E+000 1E+000
1E+004 1E+004

E I
1E+002 o 1E£002 o
1E+000 1E+000
1E+004 7 ! i i 1E+004 i ) 1

0 a0
1E+002 = 1002 ‘ ﬁ i i o
1E+000 ¢ 4 . 1E+000 g 5 g l

0 200 400 6000 200 400 60O O 200 400 60O O 200 400 60O 0 200 400 6000 200 400 GO0 O 200 400 6000 200 400 600

e
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SLC (EOL X-Temp) — CP4AC

M Reliability Check points satisfied with checkpoint 4C.

® Result Summary ®EW+100°C Cross Temp
S e A 7% 100% 100% 100%
eckpoin
o) 1E+004
EW 100°C Cross Temp 1E+000 s
Correctness 1E+004
Fail Bit Level
100% 100% 100% 97% 100% 100% 100% .
1E+002 S
Max 20 16 20 16 16 16 16 20
1DP 1I(E)\(I)VK 1E+000 ]
Median 4 4 4 4 4 4 4 4 1E+004
EW Max 16 16 20 20 16 12 16 20 1E+002 %
2DP
100K
Median | 4 4 4 4 4 4 4 4 1E+000
SLC 1E+004
Max 20 16 16 16 16 16 16 16
4DP EW 2
100K 1E+002 =
Median | 4 | 4 | 4 | 4 | 4 | 4 | 4 | 4 E
oy | M | 20| 20| 20| 16| 16| 24| 16| 16 || = ‘
8DP 100K 0 200 400 600 O 200 400 GOO O 200 400 GOD O 200 400 GO0
Median | 4 | 4 | 4 | 4 | 4 | 4 | 4 | 4

b
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SLC (EOL X-Temp) — CP4AC

M No. of Chunk vs. Correctness (By. Die)
Pre-EW : Random pattern @ 90% Cycle (55°C) , 10% cycle(85°C)
Cross Temp 100 °C @ 85 °C

® EW ® EW+100°C Cross Temp
97% 100% 100% 100% 97% 100% 100% 100%
1E+004 ) ) ; TE4004 7 a u Q
1E+002 % 1E+002 %
1E+000 = E . 5 1E+000 &
1E+004 1E+004
8 8]
1E+002 g 1E+002 %
1E+000 1E+000
1E+004 1E+004
& &
1E+002 2 1E+002 %
1E+000 1E4000 &
1E+004 1 f i I 1E+004 9 i i i
1E+002 0 ez | i i i @
T i a T
1E+000 2 : : 1E+000 ‘ ! : ;
0 200 400 6000 200 400 6000 200 400 6GOOQ 200 400 600 0 200 400 GO0 O 200 400 RODO 200 400 ROO D 200 400 600
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SLC Latency / Throughput
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QUAL13 SLC Latency Temp Measurement

SLC Latency temp Sensor Measurement

1DP 2DP 4DP 8DP

85C 85C 85C 85C

80 o o
‘ 8 ° 4 @ Avg(TEMP)
°e oo @ Max(TEMP)
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40
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QUAL13 Reliability Cycling Bitflips Measure t

M EW No. of Chunk vs. Bit Flips
Pre-EW : Random pattern @ 90% Cycle (55°C) , 10% cycle(85°C)
Bitflip Monitor 1Checkpoint @90%, 2Checkpoint @10%

No of Chunk(4KB)
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4E+003

1E+003
4E+002

1E+002
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1E+001
4E+000
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1E+004
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3
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L ] ® .
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QUAL13 Reliability tPROG/tBERS

1 .
Izl EW tPROG/tBERS tPROG = FZ tPROG,PAGEi
EW : Random pattern @ 90% Cycle (565°C) , 10% cycle(85°C)
Bitflip Monitor 1Checkpoint @90%, 1Checkpoint @10%
tPROG worst := Average_dies(Average_blocks(Average_pages(program time))) + 5*std_dies(Average_blocks(Average_pages(program time)))

tPROG average := Average_dies(Average_blocks(Average pages(program time)))
tPROG max := Max_dies(Average_blocks(Average pages(program time)))

® EW : Cycle vs tPROG ® EW : Cycle vs tBERS ® Vs

1DP 2DP 4DP 8DP 1DP 2DP 4DP 8DP () Avg
- - - L J .
a0 ) Min

® tPROG worst 2510
© tPROG average
® tPROG max .

288 88 38

MOk
Mok

tPROG(us)
tBERS(US)
g

/

‘ AN
: ~ S\ . DN

- 4510 \
T— \

P cp2 P cp2 cP1 P2 cP1 cp2 CP1 cP2 cP1 cP2 CP1 cP2 CP1 CP2

Cycle Cycle

00
i
001

8
S
8

e
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SLC(SOL Latency) — CP8

M No. of Chunk vs. Correctness

Pre-EW : Random pattern 10% cycle(85°C)

Back Pattern : Random pattern @ 10°C
Read disturb 100K @ 25°C
3months@ 45°C with cross temp 30 °C

® Pre EW

B |
1E+003
1E+002
1E+001 l
1E+000
B |
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1E+002
1E+001 l
1E+000
B |
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1E+001 L
1E+000
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Confidential

® Pre EW + RD 100K + 3Months
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Confidential

SLC(SOL Latency) — CP8

M No. of Chunk vs. Correctness (By. Die)
Pre-EW : Random pattern 10% cycle(85°C)
Back Pattern : Random pattern @ 10°C
Read disturb 100K @ 25°C
3months@ 45°C with cross temp 30 °C

® Pre EW ® Pre EW + RD 100K + 3Months
1E+004 1E+004
1E+002 % 1E+002 %
1E+000 L 1E+000 l
1E+004 1E+004
3 :
1E+002 = 1E+002 =
1E+000 E 1E+000 L
1E+004 1E+004
5 5
1E+002 = 1E+002 £
1E+000 k 1E+000 k
1E+004 |'| 1E+004 |'|
| |
| g | g
1E+002 = 1E+002 =
1E+000 L 1E+000 \L:
0 50 100 150 200 250 300 350 400 450 500 550 GO0 0 50 100 150 200 250 300 350 400 450 500 550 GO0
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SLC(SOL Latency) — CP8

Confidential

M Read Latency Distribution@ Pre EW + RD 100K + 3months@ 45°C with cross temp 30 °C

Pre-EW : Random pattern 10% cycle(85°C)
Back Pattern : Random pattern @ 10°C
Read disturb 100K @ 25°C

3months@ 45°C with cross temp 30 °C

® No. of Chunk vs. Read Latency
(Pre EW)
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SLC(EOL Latency) — CP9A

M No. of Chunk vs. Correctness
Pre-EW : Random pattern @ 90% Cycle (55°C) , 10% cycle(85°C)
Back Pattern : Random pattern @ 10°C
Read disturb 100K @ 25°C
1month@ 45°C with cross temp 30 °C

® Pre EW ® Pre EW + RD 100K + 1Month
1E+004 1E+004
1E+003 1E+003
E+002 0 E+002 5
1E+001 E+001
1E+000 1E+000
E+004 E+004
1E+003 1E+003
E+002 g 1E+002 5
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1E+003 1E+003
E£002 % E+002 %
1E+001 1E+001
1E+000 1E+000
0 50 100 150 200 250 300 350 400 450 500 550 GO0 0 50 100 150 200 250 300 350 400 450 500 550 600
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SLC(EOL Latency) — CP9A

Confidential

M No. of Chunk vs. Correctness (By. Die)

Pre-EW : Random pattern @ 90% Cycle (55°C) , 10% cycle(85°C)

Back Pattern : Random pattern @ 10°C
Read disturb 100K @ 25°C
1month@ 45°C with cross temp 30 °C

® Pre EW
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1E+000 k
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SLC(EOL Latency) — CP9A

M Read Latency Distribution@ Pre EW + RD 100K + 1months@ 45°C with cross temp 30 °C
Pre-EW : Random pattern @ 90% Cycle (55°C) , 10% cycle(85°C)
Back Pattern : Random pattern @ 10°C
Read disturb 100K @ 25°C
Tmonth@ 45°C with cross temp 30 °C

® No. of Chunk vs. Read Latency ® No. of Chunk vs. Read Latency
(Pre EW) (EW + RD 100K + 1Month)
BE+005 BE+005 @ =150
® =150 -
4E+005 ) 4E+005 o)
T T
0E+000 I 0E+000 I
BE+005 BE+005
N N
4E+005 0 4E+005 0
T T
0E+000 l 0E+000 l
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4E+005 ) 4E+005 0
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0E+000 [ 0E+000 [
BE+005 BE+005
o) o
4E+005 ) 4E+005 v,
T T
0E+000 | 0E+000 |
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
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SLC(EOL Latency) — CP9C

M No. of Chunk vs. Correctness
Pre-EW : Random pattern @ 90% Cycle (55°C) , 10% cycle(85°C)
Back Pattern : Random pattern @ 10°C
Read disturb 100K @ 25°C
1month@ 35°C with cross temp 30 °C

® Pre EW ® Pre EW + RD 100K + 1Month
E+004 1E+004
1E+003 1E+003
1E+002 0 1E+002 :
E+001 1E+001
1E+000 1E+000
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1E+000 1E+000
0 50 100 150 200 250 300 350 400 450 500 550 600 0 30 100 130 200 230 300 350 400 430 300 350 60O
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SLC(EOL Latency) — CP9C

M No. of Chunk vs. Correctness (By. Die)

Pre-EW : Random pattern @ 90% Cycle (55°C) , 10% cycle(85°C)

Back Pattern : Random pattern @ 10°C
Read disturb 100K @ 25°C
1month@ 35°C with cross temp 30 °C

® Pre EW

1E+004

1E+002

1E+000 k
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SLC(EOL Latency) — CP9C

M Read Latency Distribution@ Pre EW + RD 100K + 1month@ 35°C with cross temp 30 °C
Pre-EW : Random pattern @ 90% Cycle (55°C) , 10% cycle(85°C)
Back Pattern : Random pattern @ 10°C
Read disturb 100K @ 25°C
1months@ 35°C with cross temp 30 °C

® No. of Chunk vs. Read Latency ® No. of Chunk vs. Read Latency
(Pre EW) (EW + RD 100K + 1month)
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X-Ray Tolerance
Latency / Throughput
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X-Ray Tolerance Temp Measurement

X-Ray Tolerance temp Sensor Measurement (1/2DP)

1DP 2DP
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X-Ray Tolerance Temp Measurement

X-Ray Tolerance temp Sensor Measurement (4/8DP)

4DP 8DP
80 85C ® AVG_TEMP 85C
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X-Ray Tolerance TLC Cycling Bitflips Measu

M EW No. of Chunk vs. Bit Flips
Pre-EW : Random pattern 10% cycle(85°C)
Bitflip Monitor 1Checkpoint @90%, 1Checkpoint @10%

1DP 2DP 4DP 8DP
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O
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Y001
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1E+001

1E+000
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X-Ray Tolerance TLC tPROG/tBERS (TLC)

M EW tPROG/tBERS
Pre-EW : Random pattern @ 90% Cycle (55°C) , 10% cycle(85°C)
Bitflip Monitor 1Checkpoint @90%, 1Checkpoint @10%

1
tPROG = ﬁz tPROG,PAGEi
i

t-Prog worst := Average_dies(Average_blocks(Average pages(program time))) + 5*std_dies(Average_blocks(Average _pages(program time)))
t-Prog average := Average_dies(Average_blocks(Average pages(program time)))
t-Prog max := Max_dies(Average_blocks(Average_pages(program time)))

@ t-Prog worst
() t-Prog average

1DP 2DP 4DP 8DP 1DP 2DP 4DP 8DP
334 . - w0 @ Max
332 = weso | (O AVY . .
330 - w20 .Min . -

tBERS(us)
§

N

tPROG(uS)
8

/
NN
m
/
/

322 4560
320
4540
318 \
\ AE20D
316 i /
314 4500
cP1 cP2 cPi cP2 cP1 CP2 cP1 cP2 cP1 cP2 CP1 cP2 cP1 cP2 cP1 c
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X-Ray Tolerance TLC tPROG/tBERS (SLC)

M EW tPROG/tBERS
Pre-EW : Random pattern @ 90% Cycle (55°C) , 10% cycle(85°C)
Bitflip Monitor 1Checkpoint @90%, 1Checkpoint @10%

1
tPROG = ﬁz tPROG,PAGEi
i

t-Prog worst := Average_dies(Average_blocks(Average pages(program time))) + 5*std_dies(Average_blocks(Average _pages(program time)))
t-Prog average := Average_dies(Average_blocks(Average pages(program time)))
t-Prog max := Max_dies(Average_blocks(Average_pages(program time)))

: t-Prog worst
t-Prog average
® tProgmax @ EWW : Cycle vs tPROG ® EW : Cycle vs tBERS

1DP 2DP 4DP sDP 1DP 2DP 4DP 8DP
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X-Ray Tolerance TLC Type 1

Confidential

M No. of Chunk vs. Correctness
Back Pattern : Random pattern @ 10°C
X-Ray 1Gr
Read disturb 100K @ 25°C
3months@ 45°C with cross temp 30 °C
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X-Ray Tolerance TLC Type 1

M No. of Chunk vs. Correctness (By. Die)
Back Pattern : Random pattern @ 10°C
X-Ray 1Gr
Read disturb 100K @ 25°C
3months@ 45°C with cross temp 30 °C

@ |nitial ® X-Ray + RD 100K + 3Months
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X-Ray Tolerance TLC Type 1

M Read Latency Distribution@ X-Ray 1Gr + RD 100K + 3months@ 40°C with cross temp 30 °C
Back Pattern : Random pattern @ 10°C
X-Ray 1Gr
Read disturb 100K @ 25°C
3months@ 45°C with cross temp 30 °C

® No. of Chunk vs. Read Latency ® No. of Chunk vs. Read Latency
(Initial) (X-Ray 1Gr + RD 100K + 3months)
8E+005 8E+005
— -
4E+005 O AE+005 0
T T
QE+000 | QE+000
8E+005 8E+005
N N
4F+005 0 4E+005 )
T T
0E+000 | 0E+000 |
BE+005 BE+005
EN B
4E+005 o 4E+005 O
T T
0E+000 | 0E+000 |
BE+005 8E+005
(o] (03]
4E+005 0 4E+005 W,
T T
0E+000 | 0E000 |

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000



Confidential

X-Ray Tolerance TLC Type 2

M No. of Chunk vs. Correctness
Pre-EW : Random pattern @ 85°C
Back Pattern : Random pattern @ 10°C
X-Ray 1Gr
Read disturb 100K @ 25°C
3months@ 45°C with cross temp 30 °C

®X-Ray + EW ® X-Ray + EW + RD 100K + 3Months
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X-Ray Tolerance TLC Type 2

Confidential

M No. of Chunk vs. Correctness (By. Die)
Pre-EW : Random pattern @ 85°C
Back Pattern : Random pattern @ 10°C
X-Ray 1Gr
Read disturb 100K @ 25°C
3months@ 45°C with cross temp 30 °C
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X-Ray Tolerance TLC Type 2

M Read Latency Distribution@ EW + RD 100K + 3months@ 45°C with cross temp 30 °C
Pre-EW : Random pattern @ 85°C
Back Pattern : Random pattern @ 10°C
X-Ray 1Gr
Read disturb 100K @ 25°C
3months@ 45°C with cross temp 30 °C

® No. of Chunk vs. Read Latency ® No. of Chunk vs. Read Latency
(X-Ray + EW) (X-Ray + EW + RD 100K + 3months)
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X-Ray Tolerance TLC Type 3 (1M)

M No. of Chunk vs. Correctness
Pre-EW : Random pattern 90% @55 °C/ 10% @ 85°C
Back Pattern : Random pattern @ 10°C
X-Ray 1Gr
Read disturb 100K @ 25°C
Tmonth@ 35°C with cross temp 30 °C / 3months@35°C with cross temp 30 °C

® X-Ray + EW ® X-Ray + EW + RD 100K + 1Month
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X-Ray Tolerance TLC Type 3 (1M)

M No. of Chunk vs. Correctness (By. Die)
Pre-EW : Random pattern 90% @55 °C/ 10% @ 85°C
Back Pattern : Random pattern @ 10°C
X-Ray 1Gr
Read disturb 100K @ 25°C
Tmonth@ 35°C with cross temp 30 °C / 3months@35°C with cross temp 30 °C

® X-Ray + EW ® X-Ray + EW + RD 100K + 1Month
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X-Ray Tolerance TLC Type 3 (1M)

M Read Latency Distribution@ EW + RD 100K + 1month@ 35°C with cross temp 30 °C / 3months@35°C with cross temp
30 °C
Pre-EW : Random pattern 90% @55 °C/ 10% @ 85°C
Back Pattern : Random pattern @ 10°C
X-Ray 1Gr
Read disturb 100K @ 25°C
1month@ 35°C with cross temp 30 °C / 3months@35°C with cross temp 30 °C

® No. of Chunk vs. Read Latency ® No. of Chunk vs. Read Latency
(X-Ray + EW) (X-Ray + EW + RD 100K + 1month)
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X-Ray Tolerance TLC Type 3 (3M)

M No. of Chunk vs. Correctness
Pre-EW : Random pattern 90% @55 °C/ 10% @ 85°C
Back Pattern : Random pattern @ 10°C
X-Ray 1Gr
Read disturb 100K @ 25°C
Tmonth@ 35°C with cross temp 30 °C / 3months@35°C with cross temp 30 °C
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X-Ray Tolerance TLC Type 3 (3M)

M No. of Chunk vs. Correctness (By. Die)
Pre-EW : Random pattern 90% @55 °C/ 10% @ 85°C
Back Pattern : Random pattern @ 10°C
X-Ray 1Gr
Read disturb 100K @ 25°C
Tmonth@ 35°C with cross temp 30 °C / 3months@35°C with cross temp 30 °C

® X-Ray + EW ® X-Ray + EW + RD 100K + 3Months
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X-Ray Tolerance TLC Type 3 (3M)

M Read Latency Distribution@ EW + RD 100K + 1month@ 35°C with cross temp 30 °C / 3months@35°C with cross temp
30 °C
Pre-EW : Random pattern 90% @55 °C/ 10% @ 85°C
Back Pattern : Random pattern @ 10°C
X-Ray 1Gr
Read disturb 100K @ 25°C
1month@ 35°C with cross temp 30 °C / 3months@35°C with cross temp 30 °C

® No. of Chunk vs. Read Latency ® No. of Chunk vs. Read Latency
(X-Ray + EW) (X-Ray + EW + RD 100K + 3months)
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X-Ray Tolerance SLC Type 1

M No. of Chunk vs. Correctness
Back Pattern : Random pattern @ 10°C
X-Ray 1Gr
Read disturb 100K @ 25°C
3months@ 45°C with cross temp 30 °C

® |nitial ® X-Ray + RD 100K + 3Months
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X-Ray Tolerance SLC Type 1

Confidential

No. of Chunk vs. Correctness (By. Die)

Back Pattern : Random pattern @ 10°C
X-Ray 1Gr

Read disturb 100K @ 25°C

3months@ 45°C with cross temp 30 °C
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X-Ray Tolerance SLC Type 1

M Read Latency Distribution@ Pre EW + RD 100K + 3months@ 45°C with cross temp 30 °C
Back Pattern : Random pattern @ 10°C
X-Ray 1Gr
Read disturb 100K @ 25°C
3months@ 45°C with cross temp 30 °C

® No. of Chunk vs. Read Latency ® No. of Chunk vs. Read Latency
(Initial) (X-Ray + RD 100K + 3months)
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X-Ray Tolerance SLC Type 2

Confidential

M No. of Chunk vs. Correctness
Pre-EW : Random pattern @ 85°C
Back Pattern : Random pattern @ 10°C
X-Ray 1Gr
Read disturb 100K @ 25°C
3months@ 45°C with cross temp 30 °C
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X-Ray Tolerance SLC Type 2

Confidential

M No. of Chunk vs. Correctness (By. Die)
Pre-EW : Random pattern @ 85°C
Back Pattern : Random pattern @ 10°C
X-Ray 1Gr
Read disturb 100K @ 25°C
3months@ 45°C with cross temp 30 °C
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X-Ray Tolerance SLC Type 2

M Read Latency Distribution@ Pre EW + RD 100K + 3months@ 45°C with cross temp 30 °C
Pre-EW : Random pattern @ 85°C
Back Pattern : Random pattern @ 10°C
X-Ray 1Gr
Read disturb 100K @ 25°C
3months@ 45°C with cross temp 30 °C

® No. of Chunk vs. Read Latency ® No. of Chunk vs. Read Latency
(X-Ray + EW) (X-Ray + EW + RD 100K + 3months)
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X-Ray Tolerance SLC Type 3 (1M)

M No. of Chunk vs. Correctness
Pre-EW : Random pattern 90% @55 °C/ 10% @ 85°C
Back Pattern : Random pattern @ 10°C
X-Ray 1Gr
Read disturb 100K @ 25°C
Tmonth@ 35°C with cross temp 30 °C / 3months@ 35°C with cross temp 30 °C

® X-Ray + EW ® X-Ray + EW + RD 100K + 1Month
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X-Ray Tolerance SLC Type 3 (1M)

M No. of Chunk vs. Correctness (By. Die)
Pre-EW : Random pattern 90% @55 °C/10% @ 85°C
Back Pattern : Random pattern @ 10°C
X-Ray 1Gr
Read disturb 100K @ 25°C
1month@ 35°C with cross temp 30 °C / 3months@35°C with cross temp 30 °C

® X-Ray + EW ®X-Ray + EW + RD 100K + 1Month
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X-Ray Tolerance SLC Type 3 (1M)

M Read Latency Distribution@ EW + RD 100K + 1month@ 35°C with cross temp 30 °C / 3months@35°C with cross temp
30 °C
Pre-EW : Random pattern 90% @55 °C/ 10% @ 85°C
Back Pattern : Random pattern @ 10°C
X-Ray 1Gr
Read disturb 100K @ 25°C
1month@ 35°C with cross temp 30 °C / 3months@35°C with cross temp 30 °C

® No. of Chunk vs. Read Latency ® No. of Chunk vs. Read Latency
(X-Ray + EW) (X-Ray + EW + RD 100K + 1month)
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X-Ray Tolerance SLC Type 3 (3M)

M No. of Chunk vs. Correctness
Pre-EW : Random pattern 90% @55 °C/ 10% @ 85°C
Back Pattern : Random pattern @ 10°C
X-Ray 1Gr
Read disturb 100K @ 25°C

Tmonth@ 35°C with cross temp 30 °C / 3months@ 35°C with cross temp 30 °C
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X-Ray Tolerance SLC Type 3 (3M)

M No. of Chunk vs. Correctness (By. Die)
Pre-EW : Random pattern 90% @55 °C/10% @ 85°C
Back Pattern : Random pattern @ 10°C
X-Ray 1Gr
Read disturb 100K @ 25°C
1month@ 35°C with cross temp 30 °C / 3months@35°C with cross temp 30 °C
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X-Ray Tolerance SLC Type 3 (3M)

M Read Latency Distribution@ EW + RD 100K + 1month@ 35°C with cross temp 30 °C / 3months@35°C with cross temp
30 °C
Pre-EW : Random pattern 90% @55 °C/ 10% @ 85°C
Back Pattern : Random pattern @ 10°C
X-Ray 1Gr
Read disturb 100K @ 25°C
1month@ 35°C with cross temp 30 °C / 3months@35°C with cross temp 30 °C

® No. of Chunk vs. Read Latency ® No. of Chunk vs. Read Latency
(X-Ray + EW) (X-Ray + EW + RD 100K + 3months)
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Controller Block Result
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e Fail Information
- Boot Qual 1 : OF / 60EA for each stack
- Boot Qual 2 : OF / 60EA for each stack

Result
e Boot Qual. 1 Boot Qual. 2 L
(1/2/4/8DP) (1/2/4/8DP)
Timeout expired for PCle or ASI status register polling OF OF
Over 1 GBB during controller block reliability test OF OF
FW maintenance returns error OF OF
Any unexpected timeout. OF OF

D
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Boot Block reliability — CP1

M Reliability Check points satisfied with checkpoint CP1.

® Result Summary ® Bitflip Histogram
Controller Block Reliability(CP1
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Boot Block reliability — CP2

M Reliability Check points satisfied with checkpoint CP2.

® Result Summary @ Bitflip Histogram
Controller Block Reliability(CP2) Boot QualCP2
(10FW update+4Reflow+100FW Update+1 Gy+1M+5Yr+12.04M)
Test Result PASS
100 : ;IT:LD;g_EAKE
-Ray 1Gy
Bitflip FW10 + Reflow 1M Read 5Yrs 11.04M 40 - N
Fail Bit Level 4Cycle 1Gray | Disturb | Retention SR 10 . S
& L= (CP2 + FW100) Disturb 4 @ Bake 50Months
) @ 2m
o @ M
Max 2 2 2 2 2 100 ﬁ‘ @ au
1DP 40 @ s o
Median 0 0 0 0 0 o 10 @ &M =
< 4 @ ™
Max 1 1 1 1 1 -§ 1 o g.5M
0 8.51M
2DP S 100 \ @ 852
Median 0 0 0 0 0 ‘5 40 . SM -
) £
2 10 @ 9.02M o
Max 1 1 1 1 1 4 @ 10.02M
4DP 1 @ 10.03M
Median 0 0 0 0 0 100 Y @ 10.04M
40 @ 11.04M -
Max 1 1 1 1 1 10 @ 12040 J
8DP 4
Median 0 0 0 0 0 !
0 5 10 15 20 25 30 35 40 45 50

L www.skhynixcom S NYNIX
Bitflip(4KB)



Confidential

Thank You




	3DV7 512Gb iTLC S5E Full Qual. Result�with FW 17.0 for 1/2/4/8DP
	Main Report
	Full-Qual Main Part Result  
	Full-Qual Main Part Result  
	Full-Qual Main Part Result  
	Full-Qual Main Part Result  
	Full-Qual Main Part Result  
	Full-Qual Main Part Result  
	TLC (SOL HTDR) – CP2
	TLC (SOL HTDR) – CP2
	TLC (EOL HTDR) – CP3
	TLC (EOL HTDR) – CP3
	TLC (EOL HTDR) – CP3
	TLC (Sequential Throughput) – CP11
	TLC (RR Throughput) – CP11
	TLC (EOL Latency) – CP11
	TLC (SOL X-Temp) – CP4A
	TLC (SOL X-Temp) – CP4A
	TLC (SOL X-Temp) – CP4A
	TLC (EOL X-Temp) – CP4B
	TLC (EOL X-Temp) – CP4B
	TLC (EOL X-Temp) – CP4C
	TLC (EOL X-Temp) – CP4C
	TLC (Sequential Throughput) – CP8
	TLC (RC Throughput) – CP8
	TLC (RR Throughput) – CP8
	TLC (16K RR Throughput) – CP8
	TLC (Read Scan) – CP8
	TLC (SOL Latency) – CP8
	TLC (Sequential Throughput) – CP9A
	TLC (RC Throughput) – CP9A
	TLC (RR Throughput) – CP9A
	TLC (16K RR Throughput) – CP9A
	TLC (Read Scan) – CP9A
	TLC (EOL Latency) – CP9A
	TLC (Sequential Throughput) – CP9C
	TLC (RC Throughput) – CP9C
	TLC (RR Throughput) – CP9C
	TLC (16K RR Throughput) – CP9C
	TLC (Read Scan) – CP9C
	TLC (EOL Latency) – CP9C
	TLC (Erase Tolerance) – CP10
	SLC (EOL HTDR) – CP3
	SLC (EOL HTDR) – CP3
	SLC (EOL HTDR) – CP3
	SLC (Sequential Throughput) – CP11
	SLC (RR Throughput) – CP11
	SLC (EOL Latency) – CP11
	SLC (SOL X-Temp) – CP4A
	SLC (SOL X-Temp) – CP4A
	SLC (SOL X-Temp) – CP4A
	SLC (EOL X-Temp) – CP4B
	SLC (EOL X-Temp) – CP4B
	SLC (EOL X-Temp) – CP4C
	SLC (EOL X-Temp) – CP4C
	SLC (Sequential Throughput) – CP8
	SLC (RC Throughput) – CP8
	SLC (RR Throughput) – CP8
	SLC (16K RR Throughput) – CP8
	SLC (Read Scan) – CP8
	SLC (SOL Latency) – CP8
	SLC (Sequential Throughput) – CP9A
	SLC (RC Throughput) – CP9A
	SLC (RR Throughput) – CP9A
	SLC (16K RR Throughput) – CP9A
	SLC (Read Scan) – CP9A
	SLC (EOL Latency) – CP9A
	SLC (Sequential Throughput) – CP9C
	SLC (RC Throughput) – CP9C
	SLC (RR Throughput) – CP9C
	SLC (16K RR Throughput) – CP9C
	SLC (Read Scan) – CP9C
	SLC (EOL Latency) – CP9C
	SLC (Erase Tolerance) – CP10
	TLC (Sequential Throughput) – X-Ray TLC Type1
	TLC (RC Throughput) – X-Ray TLC Type1
	TLC (RR Throughput) – X-Ray TLC Type1
	TLC (Read Scan) – X-Ray TLC Type1
	TLC (EOL Latency) – X-Ray TLC Type1
	TLC (Sequential Throughput) – X-Ray TLC Type2
	TLC (RC Throughput) – X-Ray TLC Type2
	TLC (RR Throughput) – X-Ray TLC Type2
	TLC (Read Scan) – X-Ray TLC Type2
	TLC (EOL Latency) – X-Ray TLC Type2
	TLC (Sequential Throughput) – X-Ray TLC Type3 (1M)
	TLC (RC Throughput) – X-Ray TLC Type3 (1M)
	TLC (RR Throughput) – X-Ray TLC Type3 (1M)
	TLC (Read Scan) – X-Ray TLC Type3 (1M)
	TLC (EOL Latency) – X-Ray TLC Type3 (1M)
	TLC (Sequential Throughput) – X-Ray TLC Type3 (3M)
	TLC (RC Throughput) – X-Ray TLC Type3 (3M)
	TLC (RR Throughput) – X-Ray TLC Type3 (3M)
	TLC (Read Scan) – X-Ray TLC Type3 (3M)
	TLC (EOL Latency) – X-Ray TLC Type3 (3M)
	SLC (Sequential Throughput) – X-Ray SLC Type1
	SLC (RC Throughput) – X-Ray SLC Type1
	SLC (RR Throughput) – X-Ray SLC Type1
	SLC (Read Scan) – X-Ray SLC Type1
	SLC (EOL Latency) – X-Ray SLC Type1
	SLC (Sequential Throughput) – X-Ray SLC Type2
	SLC (RC Throughput) – X-Ray SLC Type2
	SLC (RR Throughput) – X-Ray SLC Type2
	SLC (Read Scan) – X-Ray SLC Type2
	SLC (EOL Latency) – X-Ray SLC Type2
	SLC (Sequential Throughput) – X-Ray SLC Type3 (1M)
	SLC (RC Throughput) – X-Ray SLC Type3 (1M)
	SLC (RR Throughput) – X-Ray SLC Type3 (1M)
	SLC (Read Scan) – X-Ray SLC Type3 (1M)
	SLC (EOL Latency) – X-Ray SLC Type3 (1M)
	SLC (Sequential Throughput) – X-Ray SLC Type3 (3M)
	SLC (RC Throughput) – X-Ray SLC Type3 (3M)
	SLC (RR Throughput) – X-Ray SLC Type3 (3M)
	SLC (Read Scan) – X-Ray SLC Type3 (3M)
	SLC (EOL Latency) – X-Ray SLC Type3 (3M)
	Appendix
	[QUAL8] TLC Reliability
	QUAL8 Reliability Temp Measurement
	QUAL8 Reliability Temp Measurement
	QUAL8 Reliability Cycling Bitflips Measurement
	QUAL8 Reliability tPROG/tBERS 
	TLC (SOL HTDR) – CP2
	TLC (SOL HTDR) – CP2
	TLC (EOL HTDR) – CP3
	TLC (EOL HTDR) – CP3
	TLC (EOL HTDR) – CP3
	TLC (EOL HTDR) – CP3
	TLC (EOL HTDR) – CP3
	TLC (EOL HTDR) – CP3
	TLC (EOL Latency) – CP11
	TLC (EOL Latency) – CP11
	TLC (EOL Latency) – CP11
	TLC (SOL X-Temp) – CP4A
	TLC (SOL X-Temp) – CP4A
	TLC (SOL X-Temp) – CP4A
	TLC (SOL X-Temp) – CP4A
	TLC (SOL X-Temp) – CP4A
	TLC (SOL X-Temp) – CP4A
	TLC (EOL X-Temp) – CP4B
	TLC (EOL X-Temp) – CP4B
	TLC (EOL X-Temp) – CP4C
	TLC (EOL X-Temp) – CP4C
	[QUAL10] TLC�Latency / Throughput
	QUAL10 TLC Latency Temp Measurement
	QUAL10 TLC Latency Temp Measurement
	QUAL10 Latency Cycling Bitflips Measurement
	QUAL10 Reliability tPROG/tBERS 
	TLC (SOL Latency) – CP8
	TLC (SOL Latency) – CP8
	TLC (SOL Latency) – CP8
	TLC (EOL Latency) – CP9A
	TLC (EOL Latency) – CP9A
	TLC (EOL Latency) – CP9A
	TLC (EOL Latency) – CP9C
	TLC (EOL Latency) – CP9C
	TLC (EOL Latency) – CP9C
	TLC (Erase Tolerance) – CP10
	TLC (Erase Tolerance) – CP10
	[QUAL12] SLC Reliability
	QUAL12 SLC Reliability Temp Measurement
	QUAL12 SLC Reliability Temp Measurement
	QUAL12 SLC Reliability Cycling Bitflips Measurement
	QUAL12 Reliability tPROG/tBERS 
	SLC (EOL HTDR) – CP3
	SLC (EOL HTDR) – CP3
	SLC (EOL HTDR) – CP3
	SLC (EOL HTDR) – CP3
	SLC (EOL HTDR) – CP3
	SLC (EOL Latency) – CP11
	SLC (EOL Latency) – CP11
	SLC (EOL Latency) – CP11
	SLC (SOL X-Temp) – CP4A
	SLC (SOL X-Temp) – CP4A
	SLC (SOL X-Temp) – CP4A
	SLC (SOL X-Temp) – CP4A
	SLC (SOL X-Temp) – CP4A
	SLC (EOL X-Temp) – CP4B
	SLC (EOL X-Temp) – CP4B
	SLC (EOL X-Temp) – CP4C
	SLC (EOL X-Temp) – CP4C
	[QUAL13]�SLC Latency / Throughput
	QUAL13 SLC Latency Temp Measurement
	QUAL13 Reliability Cycling Bitflips Measurement
	QUAL13 Reliability tPROG/tBERS 
	SLC(SOL Latency) – CP8
	SLC(SOL Latency) – CP8
	SLC(SOL Latency) – CP8
	SLC(EOL Latency) – CP9A
	SLC(EOL Latency) – CP9A
	SLC(EOL Latency) – CP9A
	SLC(EOL Latency) – CP9C
	SLC(EOL Latency) – CP9C
	SLC(EOL Latency) – CP9C
	[X-Ray Tolerance]�Latency / Throughput
	X-Ray Tolerance Temp Measurement
	X-Ray Tolerance Temp Measurement
	X-Ray Tolerance TLC Cycling Bitflips Measurement
	X-Ray Tolerance TLC tPROG/tBERS (TLC) 
	X-Ray Tolerance TLC tPROG/tBERS (SLC) 
	X-Ray Tolerance TLC Type 1
	X-Ray Tolerance TLC Type 1
	X-Ray Tolerance TLC Type 1
	X-Ray Tolerance TLC Type 2
	X-Ray Tolerance TLC Type 2
	X-Ray Tolerance TLC Type 2
	X-Ray Tolerance TLC Type 3 (1M)
	X-Ray Tolerance TLC Type 3 (1M)
	X-Ray Tolerance TLC Type 3 (1M)
	X-Ray Tolerance TLC Type 3 (3M)
	X-Ray Tolerance TLC Type 3 (3M)
	X-Ray Tolerance TLC Type 3 (3M)
	X-Ray Tolerance SLC Type 1
	X-Ray Tolerance SLC Type 1
	X-Ray Tolerance SLC Type 1
	X-Ray Tolerance SLC Type 2
	X-Ray Tolerance SLC Type 2
	X-Ray Tolerance SLC Type 2
	X-Ray Tolerance SLC Type 3 (1M)
	X-Ray Tolerance SLC Type 3 (1M)
	X-Ray Tolerance SLC Type 3 (1M) 
	X-Ray Tolerance SLC Type 3 (3M)
	X-Ray Tolerance SLC Type 3 (3M)
	X-Ray Tolerance SLC Type 3 (3M)
	Boot Qual. 1,2
	Controller Block Result
	Boot Block reliability – CP1
	Boot Block reliability – CP2
	슬라이드 번호 227

