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EFR Report
Main Part



EFR Summary Table Confidenti

Fatal Failures Non-Fatal Failures
Plane/Die Uncorrectable Total Total GBBs GBB Budget Exceeded
Type | Cycles | Mode |#DUTs | #Dies | # DPPM # DPPM # DPPM Spec DPPM # # DPPM Spec DPPM
TLC 0 0 0 0 0 0 0 0 0
eEFR 10 50 200
SLC 0 0 0 0 0 0 0 0 0
TLC 0 0 0 0 0 0 0 0 0
20 50 200
SLC 0 0 0 0 0 0 0 0 0
TLC 0 0 0 0 0 0 1 0 0
EFR 290 5050 20000 100 1000
SLC 0 0 0 0 0 0 0 0 0
TLC 0 0 0 0 0 0 0 0 0
cross 100 1000
Temp
SLC 0 0 0 0 0 0 0 0 0
EFR TLC 0 0 0 0 0 0 0 0 0
e
(BCM) 300 100 1000
SLC 0 0 0 0 0 0 0 0 0




EFR Detailed Failure Report Information

Confidential |

Per GBB Information

Per Die Information

Failure Details

Failure Address

Failure Analysis

Die # of Wafer/| Pgm Rd N D)
. DP Mode | Cycle | Event [Classification| Plane | Block WL Page # | LIM/U | Loss FA CA
index | GBBs XIY Temp | Temp
pages
EC4C554
F3137361
05DOFOE 1 7 | 1630135 85 85 TLC 130 PSF PSF 0 720 33,34 16 u 2248~ [WLtoCH )~ New
0CBBO60 Correctable 2295 Short Screen

516
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Qual Report
Main Part



Qual8 — TLC Reliability EOL/SOL Summary Confidential
. # of UECC # of PO . -
Che_ck- Check-Point Name Sample Slze By PE Read Data} Temp. AKB AKB # of Dies Failing Pass/Fail
Point Density Cycles Disturb Retention Cross Latency SPEC
Chunks Chunks
N 2.5 Year
2 TLC SOL Reliability 0.3K - @50°C A30 - 2 - PASS
- 1Yr@50°C &
3 TLC EOL Reliability 3K - 336hr @ 25'C 230 - - - PASS
- 1Yr@50°C &
4a TLC SOL Reliability ODP - 30PKG 0.3K - 336hr @ 25'C A100 - - - PASS
(NAND : 240die)
4b TLC EOL Reliability 3K - - A100 - - - PASS
4c TLC EOL Reliability 3K - - A-100 - - - PASS
11 TLC EOL Reliability 3K - M@ 45C A60 - - - PASS
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Qual8 — TLC Reliability EOL/SOL Failure Info

23

3059

Clitcs Type Densit uiD fratlLire Cycle Ch BiEn Block | Page Chtrrii In Root Cause
Point yp y Step Count Channel 9
Page
713 2876
Health Known Issue
2 PO ODP EC4C55503736370FFC082A0F940D0516 monitor 300 1 3 (Radar 99382130)
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Quall0 - TLC Latency / ESTI Reliability

Check- Check-Point Sample Size By PE Read Data Temp. i MGG || @O # of Dies Failing .
. . . . 4KB 4KB Pass/Fail
Point Name Density Cycles Disturb Retention Cross Latency SPEC
chunks Chunks
8 0.3K 100K 3IM@ 45°C A 30 - - - PASS
TLC Latency .
9a Reliability ODP : 30PKG 3K 100K IM@45C N30 - - - PASS
9 (NAND : 240die) 3K 100K 1M @ 35°C A30 - - - PASS
TLC ESTI 1Yr@50°C &
10 Reliability sK - 3ehr@2sc | 230 - - - PASS




Confidential |

Quall2 — SLC Reliability EOL

; #of UECC | # of PO . -
Che_ck- Check-Point Name Sample S_lze By PE Read Data_l Temp. IKB 4KB # of Dies Failing Pass/Fail
Point Density Cycles Disturb Retention Cross Latency SPEC
chunks Chunks

1IYr@50°C &
3 100K - 336hr @ 25'C A30 - - - PASS

1IYr@50°C &
4a 10K - 336hr @ 25'C A100 - - - PASS

o ODP : 30PKG

4b SLC Reliability EOL (NAND : 240die) 100K - - A100 - - - PASS
4c 100K - - A-100 - - - PASS
11 100K - IM@ 45 C A60 - - - PASS
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Quall3 — SLC Latency / ESTI Reliability

Check- Check-Point Sample Size By PE Read Data Temp. il 1388 |51 # of Dies Failing .
- . . . 4KB 4KB Pass/Fail
Point Name Density Cycles Disturb Retention Cross Latency SPEC
chunks Chunks
8 10K 100K 3M@45°C A 30 - - - PASS
SLC Latency .
9a Reliability ODP : 30PKG 100K 100K IM@45C A 30 - - - PASS
9% (NAND : 240die) | 100K 100K 1M @ 35°C A30 - - - PASS
SLC ESTI 1Yr@ 50°C &
10 Reliability 100K - sehr@osc | 230 - - - PASS




Controller Block Reliability
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: #of UECC | #of PO . -
Che_ck- Check-Point Name SRl S.'ZE 247 2 Read Data_\ Temp. Cross 4KB 4KB 2017 [DICS [ Pass/Fail
Point Density Cycles Disturb Retention Latency SPEC
chunks Chunks

SDP : 16PKG

(NAND : 16die) i i i PASS
DDP : 16PKG

(NAND : 32die) - - - PASS

- Boot Flow 1 10 12M 5Yr @ 55°C A100

QDP : 16PKG i ) i

(NAND : 64die) PASS
ODP : 16PKG

(NAND : 128die) - - - PASS
SDP : 16PKG

(NAND : 16die) i i i PASS
DDP : 16PKG

(NAND : 32die) - - - PASS

- Boot Flow 2 100 12M 5Yr @ 55°C A100

QDP : 16PKG ) ) i

(NAND : 64die) PASS
ODP : 16PKG i ) i PASS

(NAND : 128die)




1G X-ray HTDR Confidenti
# of # of PO # of Dies
Cell Type | Check- | Check-Point | SampleSize | PE Read Data Temp. UECC |~ kB Failin Pass/Fail
P Point Name By Density | Cycles | Disturb Retention Cross 4KB 9
Chunks | Latency SPEC
chunks
SDP : 16PKG )
1EP (NAND : 16die)| N 100K 3M@45'C A30 - - ] PASS
DDP : 16PKG i
8 TLC Latency | (NAND: 32die)| O-3K | 100K M@45°C A30 - - - PASS
TLC with x-ray
tolerance QDP : 16PKG R
% (NAND : 64die) [ 3K 100K IM@45°C A30 - - . PASS
ODP : 16PKG i
% (NAND : 128die)| 3K 100K IM@35'C A30 - - } PASS
SDP : 16PKG i
1EP (NAND : 16die)| N 100K 3M@45°C A30 - ; ] PASS
DDP : 16PKG )
8 SLCLatency |(NAND: 32diey| 0K [ 100K 3M@45C A30 - - - PASS
SLC with x-ray
tolerance QDP : 16PKG R
% (NAND : 64die) | 100K | 100K IM@45C A30 : . ] PASS
9% ODP:16PKG | oo | o0k M @35C a0 _ _ _ e

(NAND : 128die)




Qual8 — TLC EOL Reliability (In-depth ADSP) Confidciiial]

Check- PE Read Data Temp.
Point Cycles | Disturb | Retention | Cross Range # of sectors per grade # of grades per page # of senses per block
o TIEVRRTT m = I
i ,__ ||| 100E+5- ——'. 1
| i 1 * «
3 3K - A30 il Il
e % i : :
1Y @ 50'C i‘ii?ﬁ” Wﬁﬁ_ : , : 8

& o S

TLC

—— Grade P PAGE

336hr @ E —ni 100E-7- G 1.00E:
Sl Ml . - :
25‘C |CCE~S<HJ ”l % :
i I ' | '
] eI I i | T
4a 0.3K - A100 - i HI 3 e »
- i
iiiiiiiiiii?iiii‘i ! 1] 500 1000 1500 2000 =00 300 Emb il;u . 400 0




Qual8 — TLC EOL Reliability (In-depth) Confidential

Check- PE Read Data Temp.

Point Cycles | Disturb | Retention | Cross Range # of sectors per grade # of grades per page # of senses per block

1.00€ — NLC 1.00E-7- —— Grade Per PAGE.
SEEEIa A SUREN .. -
- IHITI -
i ]
£ me ! H
25Yr@ 3 oI e |
2 0.3K < A30 2 e § e |
50C e ! ,
| il . .
H ! 1] L) 1000 500 2000 w0 3000 ! 1] 00 a0 0
B . o
1.00€ +8. —;lllé 1.00E-T- —— Grade Per PAGE. 100€+7- — Serne Per BAND
IR S \ r0ee
‘ ,
:
1w . §o i,
4b 3K - A100 : ! 3 e ! :
- ]
\ 1 L]
! ! I
- . :
. ‘ g |
T T T S e e e e
e o
- — e oo . [
o I =T T
L e — e
) - H H
4c 3K - A-100 LSRN D :
-, 1 100+
1.00E A, 1.00E+
- P
0 0 xa k] 40 s 60 n 0 i o 0 1000 1500 2000 w00 3000 0 200 00 600
s ilos Zage e b ke
1.00€ — e = NLC 1.00E-T- —— Grade Per PAGE. 1008-7. = Serme P BMID
1 1.00E+6:
! ‘
j ey
11 3K IM@45C | 260 I s
:
. .
0 0 2 E ] 0 50 L] n @ ! o ol 1000 500 2000 200 3000




Qual8 — TLC EOL Reliability (Hard Error)
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Check- PE Read Data Temp.
Point | Cycles | Disturb | Retention | Cross Range # of sectors per hard error # of hard-errors per page
B = 5
e s I N B A
3 3K - A30 - s
I i
1Y@50‘C T T e me mm mE
& -
336hr @ e = ——
25°C s |
4a 0.3K - A100 * o s

100+
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Qual8 — TLC EOL Reliability (Hard Error)

Check-
Point

PE
Cycles

Read
Disturb

Data
Retention

Temp.
Cross

Range

# of sectors per hard error

# of hard-errors per page

0.3K

4b

3K

4c

3K

11

3K

25Yr@
50°C

A30

A100

A-100

1M @ 45C

AB0

TLC

1006+5 — M 1.00E-7-
- —n [T T T T 17
I N N
.
.wngza
E 100E +4- g 100843+
= e E e
1.00E-
O R
100E+ —we 100E FaE
= voe 3
.
e pnpmme i 11 n
I L N A
2z " 0 5m0 1000 1500 2000 200 3000
O D
100E+ —we 100E FaE
= voe 3
| -
2z " 0 5m0 1000 1500 2000 =00 3000
O D
100E+3 :;‘.‘é 100E-T-
1O0E + 7=+ 1008
.
i
= o IR
2 1 st
e AR Ra s
O
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Qual8 — TLC EOL Reliability (Latency)

. Average tR
Check- PE Read Data Temp. Bin . Average All S5E | Worst Case S5E .
Point | Cycles | Disturb | Retention Cross (us) Az SHSC ) Packages (%) Package (%) Apie SHEC ) Worst(E:)se DI
160 85 99.99956 99.99895
200 10 0.00007| 0.00048
11 3K - 1M @ 45C A60 82 70.65224

1300 4.9 0.00037| 0.00057|
10500 0.1 0 0




Qual8 — TLC EOL Reliability Throughput Confidential

REF_FRESH

Check- . PE Read Data Temp. Apple SPEC Min Apple SPEC Avg Average All Worst Average
Point BT Cycles Disturb | Retention Cross (MB/s) (MB/s) Packages (MB/s) Package (MB/s) HHEnsE BAND (L)
3 0 0 0 A30
4a 0 0 0 2100
4b ODP 0 0 0 A 100 850 1615
4c 0 0 0 A-100
11 0 0 0 A60
Check- . PE Read Data Temp. Apple SPEC Min Apple SPEC Avg Average All Worst Average
Point DTS Cycles Disturb | Retention Cross (MB/s) (MB/s) Packages (MBI/s) Package (MB/s) UHRnSE [ESAIND) (1)
1Yr@
3 3K 50°C & N30 1662.459 1649.319 1470.27
4a 0.3K - 33265h,2:@ 2100 1690.054 1684.595 1608.074
4b ODP 3K - - A100 1721.595 1720.92 1705.353
4c 3K - - A-100 1722.051 1721.931 1711.314
IM@




Qual8 — TLC EOL Reliability RR Throughput

REF_FRESH

Confidential |

Average All
Packages (KIOPs)

Che_ck- Density PE I_?ead Data_l Temp. Apple SPEC Min Apple SPEC Avg
Point Cycles Disturb | Retention Cross (KIOPs) (KIOPs)
3 0 0 0 230
4a 0 0 0 A100
4b ODP 0 0 0 2100 100 180
4c 0 0 0 A-100
11 0 0 0 60

EST COND

Worst Average
Package (KIOPs)

Worst BAND
(KIOPs)

Check- Densit PE Read Data Temp. Apple SPEC Min Apple SPEC Avg Average All Worst Average Worst BAND

Point y Cycles Disturb | Retention Cross (KIOPs) (KIOPs) Packages (KIOPs) Package (KIOPs) (KIOPs)
) IYr@

3 3K 50°C & A30 177.921 165.697 52.236

4a 0.3K - 33265h,rC@ A100 188.411 179.958 78.979

4b ODP 3K - - A100 215.93 215.122 213.687

4c 3K - - A-100 214.523 213.883 212.386
M@




Qual8 — TLC EOL Reliability RR 16K Throughput Confdental

REF_FRESH

Average All
Packages (KIOPs)

Che_ck- Density PE Read Date_l Temp. Apple SPEC Min Apple SPEC Avg
Point Cycles Disturb | Retention Cross (KIOPs) (KIOPs)
3 0 0 0 A30
4a 0 0 0 A100
4b ODP 0 0 0 A100 50 90
4c 0 0 0 A-100
11 0 0 0 A6B0

EST COND

Worst Average
Package (KIOPs)

Worst BAND
(KIOPs)

Check- Densit PE Read Data Temp. Apple SPEC Min Apple SPEC Avg Average All Worst Average Worst BAND
Point y Cycles Disturb | Retention Cross (KIOPs) (KIOPs) Packages (KIOPs) Package (KIOPs) (KIOPs)
1Yr@
3 3K 50C & A30 115.543 110.629 31.892
4a 0.3K - 33265h,rC@ A100 123.258 118.569 51.343
4b ODP 3K - - A100 136.416 136.284 136.094
4c 3K - - A-100 136.294 136.142 135.915
M@
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Quall0 - TLC Latency ESTI (In-depth)

Check
-point

PE
Cycles

Read
Disturb

Data
Retention

Temp.
Cross

Range

# of sectors per grade

# of grades per page

# of senses per block

1.00E - — LT 1,008~ —— Grade Per PAGE. 100 — Serme Fer BAND
- ]
100 +6- 1 1.00E+6:
N N e Y :
R “\ ERRTS g
. i H i,
8 0.3K 100K 3M @ 45°C A30 I o TS 3l
“. 1 1006+ - 2
ree 1 e i
\ —
B P Y N . o - %
ol e e
1.00€ — NLC 1,008~ —— Grade Per PAGE. 100 — Serne Per BAND
- ‘ ‘
100+ . f 100E+6
B gy S S .
I
9& 3K 100K 1M @ 45°C ASO R 3 o f :,
T00E+2- ' H
. e,
D 5 W 1B W B W B A 45 N S5 B ES 7E'. s ! o 500 1000 500 2000 200 3000
S e
TLC
2 —nic 1006+ 10 e s P D
—ne [ ]
-
e h .
9c 3K 100K M @ 35C A30 R L 3
. o e 11
Lot \ 10E o Mo (Ve fhee
G 11 1
BEREEEEEEEEEERE 0 T 2 0 ™ .
e e Fagelndes BAD e
1.00€ — NLC 1,008~ —— Grade Per PAGE. 1,008~
Erased 1M @ L5 s m— b - , ,
50'C € Y - N I
¥ imeal L L t H
10 3K - Programmed | A30 : | : HRL: :
11M @ 50'C e . '
- 1.00E+ 1.00E+
LTDR 336hr T w m w m = e e . s ™ P A
e e it




Quall0 - TLC Latency ESTI (Hard Error) Confidential|

Check PE Read Data Temp.

. . . Range # of sectors per hard error # of hard-errors per page
-point | Cycles | Disturb | Retention | Cross 9 P perpag
8 0.3K 100K |aMm@45C | A30 L. HEP L
9a 3K 100K | IM@45C | A30 : 3 mea
TLC
100E+ ::ﬁ : -

9c 3K 100K [1M@35C | A30 L

Erased 1M @ e =h | [

| -

10 3K - Programmed | A 30 - ' E

11M @ 50'C e = i

LTDR 336hr N S m wm we aw mw W




Quall0 - TLC Latency ESTI

Confidential |

Checks 5 Read Dl Uirg. Range Read Scan histogram
Point |Cycles| Disturb | Retention | Cross 9 9
8 03K | 100k | aMm@45C | A30
9a 3K 100K | IM@45C | A30 TLC
9c 3K 100K | iIM@35C | A30




Quall0 - TLC Latency ESTI Coiidsmtl)
i . Average All Worst Case Average tR
C;';(r:‘lt( c Fc):llzes D?sii?b Re'?ear:filon Temp. Cross (?J |Sn) Appl(eo/S).PEC S5E Packages S5E Package AppI(iS‘S)PEC Worst Case Die
Y ° (%) (%) (us)
160 95 99.9999984 99.999984
200 4.49 0 0
8 0.3K 100K [3M @ 45°C A30 70.4542
1300 0.5 0.0000016 0.000016
10500 0.01 0
160 85 100 100
200 10, 0 0
9a 3K 100K (1M @ 45°C A30 82 70.4977
1300 4.9 0 0
10500 0.1 0 0
160 85 100 100
200 10 0 0
9c 3K 100K [(IM @ 35°C A30 70.37186
1300 4.9 0 0
10500 0.1 0 0
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Quall0 - TLC Latency ESTI Throughput

Average All
Check- . PE Read . Apple SPEC Apple SPEC Worst Average Worst BAND
point | PE"SWY | cycles | Disturb | DAt& Retention [Temp. Cross [ "y yg)ey Avg (MBJs) P?&'Ea/gfs Package (MB/s) (MBJs)
8 0 0 0 A30
9a 0 0 0 A30
ODP 850 1615
9c 0 0 0 A30
10 0 0 0 A30
Average All
Check- . PE Read . Apple SPEC Apple SPEC Worst Average Worst BAND
point | PV [ cycles | Disturp | DAt@ Retention jTemp. Cross | yuy mpys) Avg (MB/s) P?&Iéa;g;es Package (MB/s) (MB/s)
8 0.3K 100K M@ 45°C A30
9a 3K 100K IM@ 45°C A30 1530
ODP 425
9c 3K 100K IM@35C A30
Erased 1M @ 50'C
10 3K - Programmed 11M @ 50'C A30 765
LTDR 336hr
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Quall0 - TLC Latency ESTI RC Throughput

Check- Densit PE Read Data Temp. Cross Apple SPEC Apple SPEC Agaeézgee'i” Worst Average Worst BAND
Point Y| cycles |Disturb | Retention P Min (MB/s) Avg (MB/s) MB /g) Package (MB/s) (MB/s)
8 0 0 0 A30
9a 0 0 0 A30
ODP 850 1615
9c 0 0 0 N30
10 0 0 0 A30
Check- Densit PE Read Data Temb. Cross Apple SPEC Apple SPEC Ag:ézgeé:” Worst Average Worst BAND
Point y Cycles | Disturb Retention P- Min (MB/s) Avg (MB/s) (MB/g) Package (MB/s) (MB/s)
8 0.3K 100K M@ 45°C A30
9a ODP 3K 100K IM@ 45°C A30 425 1530
9c 3K 100K IM@35°C A30
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Quall0 - TLC Latency ESTI RR Throughput

Average All Worst Average
Check- . PE Read . Apple SPEC Apple SPEC Worst BAND
. Density . Data Retention | Temp. Cross ) Packages Package
Point Cycles | Disturb Min (KIOPs) Avg (KIOPs) (KIOPs) (KIOPs) (KIOPs)

8 0 0 0 A30
9a 0 0 0 A30

ODP 100 180
9c 0 0 0 A30
10 0 0 0 A30

Average All Worst Average
Check- . PE Read . Apple SPEC Apple SPEC Worst BAND
. Density . Data Retention |Temp. Cross - Packages Package
Point Cycles | Disturb Min (KIOPs) Avg (KIOPs) (KIOPs) (KIOPs) (KIOPSs)

8 0.3K 100K M@ 45C A30
9a 3K 100K IM@45C A30 160

ODP 50
9c 3K 100K IM@35C A30

Erased 1M @ 50'C
10 3K - Programmed 11M @ 50'C A30 80
LTDR 336hr
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Quall0 - TLC Latency ESTI RR 16K Throughput

Average All Worst Average
Check- . PE Read . Apple SPEC Apple SPEC Worst BAND
. Density . Data Retention | Temp. Cross ) Packages Package
Point Cycles | Disturb Min (KIOPs) Avg (KIOPs) (KIOPs) (KIOPs) (KIOPs)

8 0 0 0 A30
9a 0 0 0 A30

ODP 50 90
9c 0 0 0 A30
10 0 0 0 A30

Average All Worst Average
Check- . PE Read . Apple SPEC Apple SPEC Worst BAND
. Density . Data Retention |Temp. Cross - Packages Package
Point Cycles | Disturb Min (KIOPs) Avg (KIOPs) (KIOPs) (KIOPs) (KIOPSs)

8 0.3K 100K M@ 45C A30
9a 3K 100K IM@45C A30 80

ODP 25
9c 3K 100K IM@35C A30

Erased 1M @ 50'C
10 3K - Programmed 11M @ 50'C A30 40
LTDR 336hr




Quall2 — SLC EOL Reliability (In-depth ADSP) Confidential]

Check- PE Read Data Temp.
Point | Cycles | Disturb | Retention | Cross Range # of sectors per grade # of grades per page # of senses per block
. s £ S § esfiat ot ] I
3 100K - A30 : * e PRI T
- N | TN [1128 IR
1y @ 50°C Ly : . I TH 1 [0
& Grace Vaue Pagairses BAND ldex
336hr @ SLC : R E— o | = —
25°C ; : e
i | I
4a 10K - A100 - E




Quall2 — SLC EOL Reliability (In-depth)

Confidential |

Check- PE Read Data Temp.
Point Cycles | Disturb | Retention | Cross Range # of sectors per grade # of grades per page # of senses per block
4b 100K - A100 1 o= = i
4c 100K - - A-100 SLC R 1o : !
11 100K IM@45C | 60 . " :




Quall2 — SLC EOL Reliability (Hard Error) Confidential]

Check- PE Read Data Temp.
Point | Cycles | Disturb | Retention | Cross Range # of sectors per hard error # of hard-errors per page
i o
3 100K - A30 S
gr] el T I
1Y @ 50‘C 0 4 1] 2 % x[ k2l = nl ‘ 200 400 500 00 | 1000
& g e Vo Page s
336hr @ SLC — —
25°C
i
4a 10K - A100 o

uuuuuuuuu




Quall2 — SLC EOL Reliability (Hard Error) CE el

Check: PE Read Data Temp. Range # of sectors per hard error # of hard-errors per page
Point Cycles | Disturb | Retention | Cross 9 p per pag
E 100+
4b 100K - A100 e
E 100+
4c 100K - - A-100 SLC S
E 100+
11 100K 1M @45C A60 e
100E~ A 100E+ 1 |
\ |
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Quall2 — SLC EOL Reliability (Latency)

Average All Average tR
Check- PE Read Data Temp. . Apple SPEC Worst Case S4E .
Point Cycles | Disturb | Retention Cross £l () (%) =B P(%/(;)kages Package (%) Apie SHEC ) Worst(E:)se DI
160 85 100 100
200 10 0 0
11 100K - 1M @ 45C AB0 50 38.68866

1300 4.9 0 0
10500 0.1 0 0




Quall2 — SLC EOL Reliability Throughput

REF_FRESH

Confidential |

Che_ck- Density PE Read Data Retention Temp. Cross Apple SPEC Min Apple SPEC Avg Average All Worst Average Worst BAND
Point Cycles Disturb (MB/s) (MB/s) Packages (MB/s) Package (MB/s) (MB/s)
3 0 0 0 -
4a 0 0 0 -
4b ODP 0 0 0 - 850 1615
4c 0 0 0 -
11 0 0 0 -
TEST COND
Shecte | vensiy | 7, | 102, | oua rtomion | Temp.cross | APISSPEC M | Avle STEC A | aversge b | ot Average | st oo
3 100K - 1Yr @ 50°C & A30 1712.366 1712.166 1710.229
4a 10K - 336hr @ 25°C A100 1712.338 1712.127 1710.15
4b ODP 100K - - A100 1720.795 1720.578 1710.002
4c 100K - - A-100 1720.694 1720.399 1709.39




Quall2 — SLC EOL Reliability RR Throughput

REF_FRESH

Confidential |

Chgck- Density PE Read Data} Temp. Cross Apple SPEC Min Apple SPEC Avg Average All Worst Average Worst BAND
Point Cycles Disturb Retention (KIOPs) (KIOPs) Packages (KIOPs) Package (KIOPs) (KIOPs)
3 0 0 0 -
4a 0 0 0 -
4b ODP 0 0 0 - 100 180
4c 0 0 0 -
11 0 0 0 -
TEST COND
Chgck- Density PE I_?ead Datg Temp. Cross Apple SPEC Min Apple SPEC Avg Average All Worst Average Worst BAND
Point Cycles Disturb Retention (KIOPs) (KIOPs) Packages (KIOPs) Package (KIOPs) (KIOPs)
3 100K S R A 221.942 217529 215.777
4a 10K - 3326:,2;@ A100 219.13 216.704 215.222
4b ODP 100K - - A100 220.124 216.535 215411
4c 100K - - A-100 221.24 219.017 215.114




Quall2 — SLC EOL Reliability RR 16K Throughput Confentil

REF_FRESH

Che_ck- Density PE Read Data} Temp. Cross Apple SPEC Min Apple SPEC Avg Average All Worst Average Worst BAND
Point Cycles Disturb Retention (KIOPs) (KIOPs) Packages (KIOPs) Package (KIOPs) (KIOPs)
3 0 0 0 -
4a 0 0 0 -
4b ODP 0 0 0 - 50 90
4c 0 0 0 -
11 0 0 0 -
TEST COND
Che_ck- Density PE Read Data_l Temp. Cross Apple SPEC Min Apple SPEC Avg Average All Worst Average Worst BAND
Point Cycles Disturb Retention (KIOPs) (KIOPs) Packages (KIOPs) Package (KIOPs) (KIOPs)
3 100K S B RPN 138.245 137.538 137.407
4a 10K - 33265her@ A100 138.151 137.649 137.607
4b ODP 100K - - A100 138.238 137.774 137.67
4c 100K - - A-100 138.253 137.614 137.553




Quall3 — SLC Latency ESTI (In-depth) Confidential

Check PE Read Data Temp.

. . . Range # of sectors per grade # of grades per page # of senses per block
-point | Cycles | Disturb | Retention | Cross 9 perg 9 perpag P
i H | -
8 10K 100K [3M@45C| A30 LTS = 5 ! :
i A | I
9a 100K 100K | 1IM@45C | A30 2 e HRES :

SLC

9c 100K 100K |[1M@35C | A30 % e £ o — !
Erased 1M @ TR . — oo - sirine
50'C : !
§ [T :
10 100K - Programmed | A 30 ERLE - 1o :frw I ’ ‘ Frﬁr—i
’ S 100641 I Il Btk i
11M @ 50C - R
PN 0 1 O OAR A

° s w s o = W % @ 0w w0 w0 om0 RN Sy
LTDR 336hr . [ -




Confidential

Quall3 - SLC Latency ESTI (Hard Error)

Check | PE Read Data Temp.
_point |Cycles | Disturb | Retention | Cross Range # of sectors per hard error # of hard-errors per page
8 10K 100K | 3M@45C | A30 LI
9a 100K | 100K [ 1M @45C | A30 z e
SLC - ‘
9c 100K | 100K | 1M @35C | A30 z e
Erased 1M @ —u - e
50'C .
10 100K - Programmed | A30 - 10t
11M @ 50'C -

LTDR 336hr

100+




Quall3 - SLC Latency ESTI (Read Scan) Confidciiial]

Check- PE Read Data Temp.

Point |[Cycles| Disturb | Retention | Cross Range Read Scan histogram

8 10K 100K 3M@45°C A30

11
i

9a 100K 100K IM@45C A30 SLC

1
i

9c 100K 100K IM@35C A30




Quall3 - SLC Latency ESTI Latency Conlielzii
i . Average All Worst Case Average tR
C;';(r:‘lt( c Pcllzes D?sii?b Re'?ear:filon Temp. Cross (?J |Sn) Appl(eo/S).PEC S5E Packages S5E Package AppI(iS‘S)PEC Worst Case Die
Y : (%) %) (us)
90 95 100 100
125 4.49 0 0
8 10K 100K [(3M @ 45°C A30 38.44215
800 0.5 0 0
6500 0.01 0 0
90 85 100 100
125 10 0 0
9a 100K 100K (1M @ 45°C A30 50 38.62023
800 4.9 0 0
6500 0.1 0 0
90 85 100 100
125 10 0 0
9c 100K 100K [(IM @ 35°C A30 38.6258
800 4.9 0 0
6500 0.1 0 0




Quall3 — SLC Latency ESTI Throughput

Confidential |

Average All
Check- . PE Read . Apple SPEC Apple SPEC Worst Average Worst BAND
point | PE"SWY | cycles | Disturb | DAt& Retention [Temp. Cross [ "y yg)ey Avg (MBJs) P?&'Ea/gfs Package (MB/s) (MBJs)
8 0 0 0 A30
9a 0 0 0 A30
ODP 850 1615
9c 0 0 0 A30
10 0 0 0 A30
Average All
Check- . PE Read . Apple SPEC Apple SPEC Worst Average Worst BAND
point | P& [ cycles | Disturb | D3t Retention | Temp. Cross| vy imysy Avg (MB/s) P?&Iéa;g;es Package (MB/s) (MBJs)
8 10K 100K M@ 45°C A30
9a 100K 100K IM@ 45°C A30 1530
ODP 425
9c 100K 100K IM@35C A30
Erased 1M @ 50'C
10 100K - Programmed 11M @ 50'C A30 765
LTDR 336hr
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Quall3 — SLC Latency ESTI RC Throughput

Check- Densit PE Read Data Temp. Cross Apple SPEC Apple SPEC Agaeézgee'i” Worst Average Worst BAND
Point Y| cycles |Disturb | Retention P Min (MB/s) Avg (MB/s) MB /g) Package (MB/s) (MB/s)
8 0 0 0 A30
9a 0 0 0 A30
ODP 850 1615
9c 0 0 0 N30
10 0 0 0 A30
Check- Densit PE Read Data Temb. Cross Apple SPEC Apple SPEC Ag:ézgeé:” Worst Average Worst BAND
Point y Cycles | Disturb Retention P- Min (MB/s) Avg (MB/s) (MB/g) Package (MB/s) (MB/s)
8 10K 100K M@ 45°C A30
9a ODP 100K 100K IM@ 45°C A30 425 1530
9c 100K 100K IM@35°C N30




Quall3 — SLC Latency ESTI RR Throughput

Confidential |

Average All Worst Average
Check- . PE Read . Apple SPEC Apple SPEC Worst BAND
. Density . Data Retention | Temp. Cross ) Packages Package
Point Cycles | Disturb Min (KIOPs) Avg (KIOPs) (KIOPs) (KIOPs) (KIOPs)

8 0 0 0 A30

9a 0 0 0 A30
ODP 100 180
9c 0 0 0 A30
10 0 0 0 A30
Average All Worst Average
Check- . PE Read . Apple SPEC Apple SPEC Worst BAND
. Density . Data Retention |Temp. Cross - Packages Package
Point Cycles | Disturb Min (KIOPs) Avg (KIOPs) (KIOPs) (KIOPs) (KIOPSs)
8 10K 100K M@ 45°C A30
9a 100K 100K IM@45C A30 160
ODP 50
9c 100K 100K IM@35C A30
Erased 1M @ 50'C
10 100K - Programmed 11M @ 50'C A30 80
LTDR 336hr




Quall3 — SLC Latency ESTI RR 16K Throughput

Confidential |

Average All Worst Average
Check- . PE Read . Apple SPEC Apple SPEC Worst BAND
. Density . Data Retention | Temp. Cross ) Packages Package
Point Cycles | Disturb Min (KIOPs) Avg (KIOPs) (KIOPs) (KIOPs) (KIOPs)
8 0 0 0 A30
9a 0 0 0 A30
ODP 50 90
9c 0 0 0 A30
10 0 0 0 A30
Average All Worst Average
Check- . PE Read . Apple SPEC Apple SPEC Worst BAND
. Density . Data Retention |Temp. Cross - Packages Package
Point Cycles | Disturb Min (KIOPs) Avg (KIOPs) (KIOPs) (KIOPs) (KIOPSs)
8 10K 100K M@ 45°C A30
9a 100K 100K IM@45C A30 80
ODP 25
9c 100K 100K IM@35C A30
Erased 1M @ 50'C
10 100K - Programmed 11M @ 50'C A30 40
LTDR 336hr




1G X-ray HTDR SDP In-depth (TLC) Confidential

Chees s ez LM TS Range # of sectors per grade # of grades per page # of senses per block
-Point | Cycles | Disturb | Retention | Cross
y X
3M @ ¥ e \ 1 I i i 100+
1EP 1 100K . A30 : R j H :
45 C \ 1.00E+ 1.00E:
et ) " W1
o Il I
1.00€ e :::é :WE" } —— Grade Pes PAGE :ZZ'E —— Serme Pt BAND.
3M @ E sl | f e
8 0.3K 100K . A30 : : 3, :
45°C - e I
106E+ f 210 0nd [0y r“ 1
" I O L
TLC o . . ;
: ; :
IM@ !l i ,
9a 3K 100K . A30 : ! . :
45°C \ o et
| s oty 11
o ! :
1M FRPSAR . i I
9c 3K 100K ‘@ A30 : ! . b P iL: :
35C - il : it
i N B ; PR AEN T (L. Nh;&
_ i e SRR




1G X-ray HTDR DDP In-depth (TLC) Confidential

Check PE Read Data Temp.

_Point | Cycles | Disturb | Retention | Cross Range # of sectors per grade # of grades per page # of senses per block

o e ‘ e s o
‘ \
M@ Py l
1EP 1 100K R A30 e i ]
45 C 1.00E+ 1.00€:
] [ [ " : I
M@ j o ¥ |
8 . 100K . A30 i
0.3K 45°C | T
e , o qb 4t efam o TR i Hlﬁ
! iz 0 O
TLC — )
M J ey i J ‘
9a 3K 100K \@ A30 R o0 ’ m[
45°C : . : o T U iiﬂ‘ =811
I 100E 100 41 olh 1Ry
| ’ 1 111 | 40

G5 1015 20 25 M I A0 45 50 55 K0 BT B o L

— ML 1.00€-7. G 100€+7. = Serwe Pur BAND
' T

tasw
Cratevit
]

9c 3K 100K A30

! 1
0 5 W B 2 % W B O 45 0 5 6 [ S0 W00 ls0 2000 0 3000
s Fageindes




1G X-ray HTDR QDP In-depth (TLC) Confidential

Check PE Read Data Temp.

_Point | Cycles | Disturb | Retention | Cross Range # of sectors per grade # of grades per page # of senses per block

—u ! —a - o
1.00€- e 100E-T- Grade Per PAGE 1.00€- ‘Serme P BAND
- w : | o
. | .
:
H
3M @ p = il
1EP 1 100K < A30 E e ! -
45°C e -
P PP R P
" ! L] L1001l
P ys b v w mw wm aw mm o o ™ w0 £
i i s
1.00€- = NLC 1.00E+7. —— Grade Pes PAGE 1007 —— Serme Fer BAND.
=
1 1.00E+6
: :
\ . 1 1
3M @ i 3 X 30
8 0.3K 100K . A30 = ey . L
45°C T N 1.00E:
1.00E+ ) 1.008
0 El 0 Ll o h 0 500 1000 1500 000 500 300
e .
TLC
— NLC 100E-T- —— Grade Per PAGE. 100E+7: —— Serwe Fer BAND
et
, )
) )
)
IM @ 2
9a 3K | 100K . A30 : ey ; e | o L -
45°C . i N P R 11T I
100E~ L % 1.00E+ l 1ooe-o4 Al +. }iid i!‘ l : !
| | J
R T R T T T METT T m w a0 ww Rt 20 0 &0
p . [
1.00E — ML 100E-T- —— Grade Per PAGE. 100€+7- = Serme Par BAND
T =
‘ [ ] s
1o é———_&i :
1M @ j v ) i 1.00E I,
9c 3K 100K N A30 3 ey . § e i * el —
35C T n L e 2 1H etlbatt T
e |\ ] s AR |
reo L :
: 1. 1 00E-1 - I
0 6 W 15 M X 0 B/ WM 45 S 55 6 ) 0 &0 1000 500 2000 500 300 0 20 400
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1G X-ray HTDR ODP In-depth (TLC)

Check
-Point

PE
Cycles

Read
Disturb

Data
Retention

Temp.
Cross

Range

# of sectors per grade

# of grades per page

# of senses per block

1100E+ — ML 1008+ —— Grade Pes PAGE 100€- — Serme P BAND
I et e 1008 1.00E+6:
i ! :
3Mm N ! )
1EP 1 100K ‘@ A30 LS . ;
45°C 1008+ 10ce+ sk
- e o Y AT r,;ﬁ:}ﬁﬂﬁ
[ o . (W RA N TR R WO AU
1.00E — LT 1.00E-7- —— Grade Per PAGE. 100 —— Serme Per BAND
- - 1 1.00E+6:
\ ! :
3M @ j ‘\ 180E: i
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1G X-ray HTDR SDP Hard error (TLC) Confidential

Check | PE Read Data Temp.
_Point | Cycles | Disturb | Retention | Cross Range # of sectors per hard error # of hard-errors per page
1EP 1 100K |[3M @ 45°Cc| A30
1.00E+ Ilis- :
| -
i -
8 0.3K 100K |BM @ 45°C| A30 * e
TLC — : ‘
i -
9a 3K 100K |IM @45 C| A30 e
. i
9c 3K 100K |[IM @ 35°C| A30 2 o
e+ ’ o T ﬂ-l I’Ir




1G X-ray HTDR DDP Hard error (TLC) Confidential|

Check | PE Read Data Temp.
_Point | Cycles | Disturb | Retention | Cross Range # of sectors per hard error # of hard-errors per page
1EP 1 100K |BM @ 45°C| A30 T
1 . l
8 0.3K 100K |3M @ 45°C| A30 S _ i m
TLC 1.00E - _— 1.00E - - ”
N i s
9a 3K 100K |IM @45 C| A30 F s I el
N i s
9c 3K 100K |[IM @ 35°C| A30 s
e o g
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1G X-ray HTDR QDP Hard error (TLC)

Check | PE Read Data Temp.
_Point | Cycles | Disturb | Retention | Cross Range # of sectors per hard error # of hard-errors per page
1EP 1 100K [3M @ 45°C| A30 ? e -
8 | 03k | 100k [3M@45C| A30 e ﬂ
TLC
%a 3K | 100K [1M@45C| A30 I :
9c 3K 100K (1M @35°C| A30 ? e




1G X-ray HTDR ODP Hard error (TLC) Confidential

Check | PE Read Data Temp.

_Point | Cycles | Disturb | Retention | Cross Range # of sectors per hard error # of hard-errors per page

. RPN e
1EP 1 100K |3BM @ 45°C| A30 ERA
R R N : :
8 0.3K 100K |3BM @ 45°C| A30 ® e E .mg.pﬁ
TLC

RN | a‘

9a 3K 100K |1IM @ 45°C| A30 ST

\ 3o
A 100541
100+ \. 100E-.
4 1001

4 1 2 ) B »

. e\ | e
9c 3K 100K [IM @ 35°C| A30 EE A i




1G X-ray HTDR Read Scan (TLC)

Confidential |

Read Scan histogram

cp PE Read Data
Cycles | Disturb | Retention
SDP DDP QDP ODP

3M @ .

1EP 1 100K 15°C
3M @ .

8 0.3K 100K 45°C
M@ e

9a 3K 100K 15°C
M@ .

9c 3K 100K 35°C




e EEl

1G X-ray HTDR TLC Latency

Average tR
Average All S5E Packages Worst Case S5E Package .
Check- PE Read Data . Al 9 9 9 Apple Worst Case Die
. . . Bin SPEC SPEC
Point | Cycles | Disturb | Retention o
(*0) SDP DDP QDP ODP SDP DDP QDP ODP (us) SDP DDP QDP ODP

160 95 100 100 100 100 100 100 100 100
M @ 200 4.49 0 0 0 0| 0 0 0 0

1EP 1 100K 45°C 72.62747 | 73.10144 | 71.93189 | 70.16641
1300 0.5 0 0 0 0| 0 0 0 0
10500 0.01 0 0 0 0| 0 0 0 0
160 95| 99.99996| 99.99998 99.99992| 99.9999| 99.99987| 99.99993| 99.99977| 99.99987|
M@ 200 4.49 0 0 0 0| 0 0 0 0

8 0.3K 100K 45°C 72.16788 | 72.71588 | 72.42605 | 70.53092
1300 0.5 0.00004] 0.00002| 0.00008} 0.0001| 0.000013| 0.00007| 0.00023| 0.00013
10500 0.01 0 0 0 0| 0 0 0 0

82us

160 85| 99.99984] 99.99984| 99.99979| 99.99968| 99.99975| 99.99981| 99.99968| 99.99946]
™ @ 200 10| 0 0 0 0| 0 0 0 0

9a 3K 100K 45°C 72.66101 | 71.76352 | 72.17029 | 70.14587
1300 4.9 0.00016] 0.00016] 0.00021] 0.00032] 0.00025 0.00019] 0.00032| 0.00054
10500 0.1 0 0 0 0| 0 0 0 0
160 85| 99.99998| 99.99999| 99.99995| 99.99994| 99.99987| 99.99994] 99.99987| 99.9999
M@ 200 10 0 0 0 0| 0 0 0 0

9c 3K 100K 35°C 72.15023 | 72.04516 | 72.79858 | 70.315
1300 4.9 0.00002] 0.00001] 0.00005/ 0.00005| 0.00013| 0.00006] 0.00013 0.0001]
10500 0.1 0 0 0 0| 0 0 0 0
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1G X-ray HTDR TLC Throughput

Check-
Point

Density

PE Cycles

Read
Disturb

Data Retention

Apple SPEC Min
(MB/s)

Apple SPEC Avg
(MB/s)

1EP

8

9a

9c

SDP

0

245

465.5

1EP

9a

9c

DDP

495

940.5

1EP

9a

9c

QDP

850

1615

1EP

9a

9c

ODP

(=1} Nl Noll Nolil Noll HNo il Ho il Noll Hol Ho Bl Ho N H«N K=l =l No il Ne)

O|]o|]Oo|J]o|o|]o|J]o|]o|]o|]o|J]o|o]|]o|o|o

O|lo|J]Oo|J]o|]o|]o|J]o|]o|]o|]o|jJ]o|]o]o|]o|o]|o

850

1615

Average All
Packages (MB/s)

Worst Average
Package (MB/s)

Worst BAND (MB/s)
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1G X-ray HTDR TLC Throughput

Check- . Read . Apple SPEC Min Apple SPEC Avg
Point Density PE Cycles Disturb Data Retention (MB/s) (MB/s)
1EP 0.3K 100K M@ 45°C

8 0.3K 100K M@ 45°C
SDP 122.5 441

9a 3K 100K IM@ 45 C

9c 3K 100K IM@ 35°C

1EP 0.3K 100K M@ 45°C

8 0.3K 100K 3M @ 45°C
DDP 247.5 891

9a 3K 100K IM @ 45°C

9c 3K 100K IM@ 35°C

1EP 0.3K 100K 3M @ 45°C

8 0.3K 100K 3M @ 45°C
QDP 425 1530

9a 3K 100K IM@45C

9c 3K 100K IM@35C

1EP 0.3K 100K 3M@ 45°C

8 0.3K 100K M@ 45°C
ODP 425 1530

9a 3K 100K IM@45C

9c 3K 100K IM@35°C

Average All
Packages (MB/s)

Worst Average
Package (MB/s)

Worst BAND (MB/s)




1G X-ray HTDR TLC RC Throughput Confidential

Check- . Read . Apple SPEC Min Apple SPEC Avg Average All Worst Average
Point PRI HE CEiEs Disturb AL REEI (MB/s) (MB/s) Packages (MB/s) Package (MB/s)
1EP

0

Worst BAND (MB/s)

8

SDP 245 465.5

9a

9c

1EP

DDP 495 940.5

9a

9c

1EP

QDP 850 1615

9a

9c

1EP

ODP 850 1615

9a

(e} Nl Holl No il Holl Holl Ho B EoN K=l E=lh ol Noll Holl Noll Noll Nl
O|]o|]Oo|J]o|o|]o|J]o|]o|]o|]o|J]o|o]|]o|o|o
O|lo|J]Oo|J]o|]o|]o|J]o|]o|]o|]o|jJ]o|]o]o|]o|o]|o

9c
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1G X-ray HTDR TLC RC Throughput

Check- . Read . Apple SPEC Min Apple SPEC Avg
Point Density PE Cycles Disturb Data Retention (MB/s) (MB/s)
1EP 0.3K 100K M@ 45°C

8 0.3K 100K M@ 45°C
SDP 122.5 441

9a 3K 100K IM@ 45 C

9c 3K 100K IM@ 35°C

1EP 0.3K 100K M@ 45°C

8 0.3K 100K 3M @ 45°C
DDP 247.5 891

9a 3K 100K IM @ 45°C

9c 3K 100K IM@ 35°C

1EP 0.3K 100K 3M @ 45°C

8 0.3K 100K 3M @ 45°C
QDP 425 1530

9a 3K 100K IM@45C

9c 3K 100K IM@35C

1EP 0.3K 100K 3M@ 45°C

8 0.3K 100K M@ 45°C
ODP 425 1530

9a 3K 100K IM@45C

9c 3K 100K IM@35°C

Average All
Packages (MB/s)

Worst Average
Package (MB/s)

Worst BAND (MB/s)




Confidential |

1G X-ray HTDR TLC RR Throughput

Check-
Point

Density

PE Cycles

Read
Disturb

Data Retention

Apple SPEC Min
(KIOPs)

Apple SPEC Avg
(KIOPs)

1EP

8

9a

9c

SDP

0

155

27.9

1EP

9a

9c

DDP

32

57.6

1EP

9a

9c

QDP

61.5

110.7

1EP

9a

9c

ODP

(=1} Nl Noll Nolil Noll HNo il Ho il Noll Hol Ho Bl Ho N H«N K=l =l No il Ne)

O|]o|]Oo|J]o|o|]o|J]o|]o|]o|]o|J]o|o]|]o|o|o

O|lo|J]Oo|J]o|]o|]o|J]o|]o|]o|]o|jJ]o|]o]o|]o|o]|o

100

180

Average All
Packages (KIOPs)

Worst Average
Package (KIOPs)

Worst BAND
(KIOPs)




1G X-ray HTDR TLC RR Throughput Confidential

Check- . Read . Apple SPEC Min Apple SPEC Avg Average All Worst Average Worst BAND
Point DERSIY || 2 QYRS || pregyy | DR REE0en (KIOPs) (KIOPS) Packages (KIOPs) | Package (KIOPs) (KIOPs)
1EP 0.3K 100K M@ 45°C

8 0.3K 100K M@ 45°C
SDP 7.75 24.8

9a 3K 100K IM@ 45 C

9c 3K 100K IM@ 35°C

1EP 0.3K 100K M@ 45°C

8 0.3K 100K 3M @ 45°C
DDP 16 51.2

9a 3K 100K IM @ 45°C

9c 3K 100K IM@ 35°C

1EP 0.3K 100K 3M @ 45°C

8 0.3K 100K 3M @ 45°C
QDP 30.75 98.4

9a 3K 100K IM@45C

9c 3K 100K IM@35C

1EP 0.3K 100K 3M@ 45°C

8 0.3K 100K M@ 45°C
ODP 50 160

9a 3K 100K IM@45C

9c 3K 100K IM@35°C
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1G X-ray HTDR TLC RR 16K Throughput

Check-
Point

Density

PE Cycles

Read
Disturb

Data Retention

Apple SPEC Min
(KIOPs)

Apple SPEC Avg
(KIOPs)

1EP

8

9a

9c

SDP

0

8.5

15.3

1EP

9a

9c

DDP

17

30.6

1EP

9a

9c

QDP

32

57.6

1EP

9a

9c

ODP

(=1} Nl Noll Nolil Noll HNo il Ho il Noll Hol Ho Bl Ho N H«N K=l =l No il Ne)

O|]o|]Oo|J]o|o|]o|J]o|]o|]o|]o|J]o|o]|]o|o|o

O|lo|J]Oo|J]o|]o|]o|J]o|]o|]o|]o|jJ]o|]o]o|]o|o]|o

50

90

Average All
Packages (KIOPs)

Worst Average
Package (KIOPs)

Worst BAND
(KIOPs)
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1G X-ray HTDR TLC RR 16K Throughput

Check- . Read . Apple SPEC Min Apple SPEC Avg
Point Density PE Cycles Disturb Data Retention (KIOPs) (KIOPs)
1EP 0.3K 100K M@ 45°C

8 0.3K 100K M@ 45°C
SDP 4.25 13.6
9a 3K 100K IM@ 45 C
9c 3K 100K IM@ 35°C
1EP 0.3K 100K M@ 45°C
8 0.3K 100K 3M @ 45°C
DDP 8.5 27.2
9a 3K 100K IM @ 45°C
9c 3K 100K IM@ 35°C
1EP 0.3K 100K 3M @ 45°C
8 0.3K 100K 3M @ 45°C
QDP 16 51.2
9a 3K 100K IM@45C
9c 3K 100K IM@35C
1EP 0.3K 100K 3M@ 45°C
8 0.3K 100K M@ 45°C
ODP 25 80
9a 3K 100K IM@45C
9c 3K 100K IM@35°C

Average All
Packages (KIOPs)

Worst Average
Package (KIOPs)

Worst BAND
(KIOPs)




1G X-ray HTDR SDP In-depth (SLC) Confidential

Check PE Read Data Temp.

_Point | Cycles | Disturb | Retention | Cross Range # of sectors per grade # of grades per page # of senses per block
3M @ j 2
1EP 1 100K 45°C A30 : :

. E— R
8 10K | 100K @ A30 : 3 :
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if
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é
E
§

100E+ ‘
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9a 100K 100K 45°C A30 - 5 e e : :
1.00E:+ 1.00E- "
o wow o om ® w %W o w o m om e o 0 3 0
e e Fagenaes B
100 —ac 100 s 100 B
10046
H ]
1M @ A30 E 160E+3 e H . Ll £ e
H H 2

9c 100K 100K
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1G X-ray HTDR DDP In-depth (SLC)

Check PE Read Data Temp.

_Point | Cycles | Disturb | Retention | Cross Range # of sectors per grade # of grades per page # of senses per block
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1G X-ray HTDR QDP In-depth (SLC) Confidential

Check PE Read Data Temp.

_Point | Cycles | Disturb | Retention | Cross Range # of sectors per grade # of grades per page # of senses per block
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1G X-ray HTDR ODP In-depth (SLC)

Check PE Read Data Temp.
_Point | Cycles | Disturb | Retention | Cross Range # of sectors per grade # of grades per page # of senses per block
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1G X-ray HTDR SDP Hard Error (SLC)

Confidential

Check | PE Read Data Temp.
_Point | Cycles | Disturb | Retention | Cross Range # of sectors per hard error # of hard-errors per page
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1G X-ray HTDR DDP Hard Error (SLC)

Check | PE Read Data Temp.
_Point | Cycles | Disturb | Retention | Cross Range # of sectors per hard error # of hard-errors per page
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1G X-ray HTDR QDP Hard Error (SLC)

Check | PE Read Data Temp.
_Point | Cycles | Disturb | Retention | Cross Range # of sectors per hard error # of hard-errors per page
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1G X-ray HTDR ODP Hard Error (SLC)

Check | PE Read Data Temp.
_Point | Cycles | Disturb | Retention | Cross Range # of sectors per hard error # of hard-errors per page
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1G X-ray HTDR Read Scan (SLC) Confidential

Read Scan histogram
PE Read Data
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1G X-ray HTDR SLC Latency

Average tR
Average All S5E Packages Worst Case S5E Package .
Check- PE Read Data . Hpipls 9 9 g Apple Worst Case Die
: . . Bin SPEC SPEC
Point | Cycles | Disturb | Retention %
(0 SDP DDP QDP ODP SDP DDP QDP ODP (us) SDP DDP QDP ODP

90 95 100 100 100 100 100 100 100 100
125 4.49 0 0 0| 0 0 0 0 0

1EP 1 100K 3M @ 45°C 42.72085 | 40.70184 | 40.51778 | 38.4441
800 0.5 0 0 0| 0 0 0 0 0
6500 0.01 0 0 0| 0 0 0 0 0
90 95 100 100 100 100 100 100 100 100
125 4.49 0 0 0| 0 0 0 0 0

8 10K 100K 3M @ 45°C 41.74041 | 41.49041 | 41.20354 | 38.68988
800 0.5 0 0 0 0 0 0 0 0
6500 0.01 0 0 0f 0 0 0 0 0

50us

90 85 100 100 100 100 100 100 100 100
125 10| 0 0 0| 0 0 0 0 0

9a 100K 100K ™M @ 45°C 41.67319 | 42.57219 | 40.82614 | 38.66988
800 4.9 0 0 0| 0 0 0 0 0
6500 0.1 0 0 0| 0 0 0 0 0
90 85 100 100 100 100 100 100 100 100
125 10| 0 0 0| 0 0 0 0 0

9c 100K 100K IM@35C 41.71411 | 41.20795 | 41.27837 | 38.69622
800 4.9 0 0 0| 0 0 0 0 0
6500 0.1 0 0 0| 0 0 0 0 0
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1G X-ray HTDR SLC Throughput

Check-
Point

Density

PE Cycles

Read
Disturb

Data Retention

Apple SPEC Min
(MB/s)

Apple SPEC Avg
(MB/s)
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Average All
Packages (MB/s)

Worst Average
Package (MB/s)

Worst BAND (MB/s)
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1G X-ray HTDR SLC Throughput

Check- . Read . Apple SPEC Min Apple SPEC Avg
Point Density PE Cycles Disturb Data Retention (MB/s) (MB/s)
1EP 0.3K 100K M@ 45°C

8 0.3K 100K M@ 45°C
SDP 200 720

9a 3K 100K IM@ 45 C

9c 3K 100K IM@ 35°C

1EP 0.3K 100K M@ 45°C

8 0.3K 100K 3M @ 45°C
DDP 400 1440

9a 3K 100K IM @ 45°C

9c 3K 100K IM@ 35°C

1EP 0.3K 100K 3M @ 45°C

8 0.3K 100K 3M @ 45°C
QDP 425 1530

9a 3K 100K IM@45C

9c 3K 100K IM@35C

1EP 0.3K 100K 3M@ 45°C

8 0.3K 100K M@ 45°C
ODP 425 1530

9a 3K 100K IM@45C

9c 3K 100K IM@35°C

Average All
Packages (MB/s)

Worst Average
Package (MB/s)

Worst BAND (MB/s)
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1G X-ray HTDR SLC RC Throughput

Check-
Point

Density

PE Cycles

Read
Disturb

Data Retention

Apple SPEC Min
(MB/s)

Apple SPEC Avg
(MB/s)
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Worst Average
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1G X-ray HTDR SLC RC Throughput

Check- . Read . Apple SPEC Min Apple SPEC Avg
Point Density PE Cycles Disturb Data Retention (MB/s) (MB/s)
1EP 0.3K 100K M@ 45°C

8 0.3K 100K M@ 45°C
SDP 200 720

9a 3K 100K IM@ 45 C

9c 3K 100K IM@ 35°C

1EP 0.3K 100K M@ 45°C

8 0.3K 100K 3M @ 45°C
DDP 400 1440

9a 3K 100K IM @ 45°C

9c 3K 100K IM@ 35°C

1EP 0.3K 100K 3M @ 45°C

8 0.3K 100K 3M @ 45°C
QDP 425 1530

9a 3K 100K IM@45C

9c 3K 100K IM@35C

1EP 0.3K 100K 3M@ 45°C

8 0.3K 100K M@ 45°C
ODP 425 1530

9a 3K 100K IM@45C

9c 3K 100K IM@35°C

Average All
Packages (MB/s)

Worst Average
Package (MB/s)

Worst BAND (MB/s)
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1G X-ray HTDR SLC RR Throughput

Check-
Point

Density

PE Cycles

Read
Disturb

Data Retention

Apple SPEC Min
(KIOPs)

Apple SPEC Avg
(KIOPs)
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1G X-ray HTDR SLC RR Throughput Confidential

Check- . Read . Apple SPEC Min Apple SPEC Avg Average All Worst Average Worst BAND
Point DERSIY || 2 QYRS || pregyy | DR REE0en (KIOPs) (KIOPS) Packages (KIOPs) | Package (KIOPs) (KIOPs)
1EP 0.3K 100K M@ 45°C

8 0.3K 100K M@ 45°C
SDP 14.5 46.4

9a 3K 100K IM@ 45 C

9c 3K 100K IM@ 35°C

1EP 0.3K 100K M@ 45°C

8 0.3K 100K 3M @ 45°C
DDP 29 92.8

9a 3K 100K IM @ 45°C

9c 3K 100K IM@ 35°C

1EP 0.3K 100K 3M @ 45°C

8 0.3K 100K 3M @ 45°C
QDP 50 160

9a 3K 100K IM@45C

9c 3K 100K IM@35C

1EP 0.3K 100K 3M@ 45°C

8 0.3K 100K M@ 45°C
ODP 50 160

9a 3K 100K IM@45C

9c 3K 100K IM@35°C
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1G X-ray HTDR SLC RR 16K Throughput

Check-
Point

Density

PE Cycles

Read
Disturb

Data Retention

Apple SPEC Min
(KIOPs)

Apple SPEC Avg
(KIOPs)
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1G X-ray HTDR SLC RR 16K Throughput

Check- . Read . Apple SPEC Min Apple SPEC Avg
Point Density PE Cycles Disturb Data Retention (KIOPs) (KIOPs)
1EP 0.3K 100K M@ 45°C

8 0.3K 100K M@ 45°C
SDP 7.25 23.2
9a 3K 100K IM@ 45 C
9c 3K 100K IM@ 35°C
1EP 0.3K 100K M@ 45°C
8 0.3K 100K 3M @ 45°C
DDP 14.5 46.4
9a 3K 100K IM @ 45°C
9c 3K 100K IM@ 35°C
1EP 0.3K 100K 3M @ 45°C
8 0.3K 100K 3M @ 45°C
QDP 23.75 76
9a 3K 100K IM@45C
9c 3K 100K IM@35C
1EP 0.3K 100K 3M@ 45°C
8 0.3K 100K M@ 45°C
ODP 25 80
9a 3K 100K IM@45C
9c 3K 100K IM@35°C

Average All
Packages (KIOPs)

Worst Average
Package (KIOPs)

Worst BAND
(KIOPs)
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Controller Block Reliability 1 (SDP/DDP)
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Point

Density
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Bit-flip histogram
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Controller Block Reliability 1 (QDP/ODP)

Confidential |
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Density

PE
Cycles

Read
Disturb

Data
Retention

Temp.
Cross

Range

Bit-flip histogram

Maintenances histogram

Boot Flow 1

QDp

10

10M

12M

5 Year
@55C

A100

A40

SLC

Fol Sectur

1.00E+7

1.00E

1.00E+
1.00E+2.

1.00E~1

# of Fail Bit

#of PKGs

3

# of Maintenances

¥ of Sector

1.00E+7
1.00E+6
1.00E+5
1.00E+4
1.00E+3
1.00E+2
1.00E+1

1.00E+0
o

3 4 5 &
# of Fail Bit

#of PKGs

3

# of Maintenances

ODP

10

10M

12M

5 Year
@55C

A100

240

SLC

Fol Sectur

1.00E+7

1.00E

1.00E+
1.00E+2.

1.00E~1

#of PKGs

3

# of Maintenances

¥ of Sector

1.00E+7
1.00E+6
1.00E+5
1.00E+4
1.00E+3
1.00E+2
1.00E+1

1.00E+0
o

3 4 5
# of Fail Bit

#of PKGs

3

# of Maintenances




Controller Block Reliability 2 (SDP/DDP)
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Check- . PE Read Data Temp. P . .
Point Density Cycles Disturb Retention | Cross Range Bit-flip histogram Maintenances histogram
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Controller Block Reliability 2 (QDP/ODP)

Check-
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Density

PE
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Write Performance

Full Qual
FLOW Density tProg (us) tBERS (us)
(GB)
Max Avg Max Avg

Qual8 — TLC EOL Reliability 803.0229( 767.1802| 4571.164| 4523.464

Quall0 - TLC Latency Reliability 798.6916( 763.1131| 4575.146| 4527.847
512

Quall2 — SLC EOL Reliability 9 9| 4155.354| 3479.846

Quall3 — SLC Latency Reliability 9 9| 4181.229| 3501.121




