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General Product Information Confidential

# Wafer & Assembly site
« Wafer : Xi'an(X2L), Assembly : Onyang

® Part # & APN #
« 64GB : (Part #) KLBCG1R5DB-EQU3, (APN #) 335500611
« 128GB : (Part #) KLBDG2R5DB-EOU3, (APN #) 335500612
« 256GB : (Part #) KLBEG4R5DB-EQUS3, (APN #) 335500613
 512GB : (Part #) KLBFG8R5DB-EQU3, (APN #) 335500614

# PCB Information
« 0.135mm / 4layer / SR material : MG3
« EMI shielding site : ASE
« PCB supplier
- 64/256GB : Daeduck Electronics (DDE)
- 128/512GB : Simmtech (SIM)

® Die stacking information
« 64GB : 1Die / 128GB : 2Die / 256GB : 4Die / 512GB : 8Die



64/128/256/512GB
Package Reliability Qualification Report



S5E MCP Package Reliability for X2L Line : Mini Qualification
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Density ITEM Stress Condition PCB Vendor Sample Size Result
Pre-conditioning JESD22-A113 (L3w/ 4 X IR) 75ea @ 3PKGLot Pass (0F/225)
Temperature Cycling (TC) -55°C to 125°C @ 300 Cycle (JESD22-A104) 25ea @ 3PKGLot Pass (OF/75)
Hot Temperature Storage (HTS) 150C, @ 500hr (JESD22-A103) 25ea @ 3PKGLot 600hr Pass (OF/75)
64GB Biased HAST (BHAST) 110°C / 85% @ 264hr With Max Bias (JESD22-A110) Eliaa(l:?:joun?és 25ea @ 3PKGLot Pass (OF/75)
HBM: >1KV @Al Pins (JS-001-2014) (PPE) HBM: 1.5KV Pass (OF/9)
ESD 3ea @ 3PKGLot
CDM: =250V @AIl Pins (JS-002-2014) CDM: 500V Pass (0F/9)
Latch-Up Test (LU) Class Il (JESD78) 3ea @ 3PKGLot Pass (0F/9)
Pre-conditioning JESD22-A113 (L3w/ 4 X IR) 75ea @ 3PKGLot Pass (0F/225)
Temperature Cycling (TC) -55°C to 125°C @ 300 Cycle (JESD22-A104) 25ea @ 3PKGLot Pass (OF/75)
Hot Temperature Storage (HTS) 150°C, @ 500hr (JESD22-A103) 25ea @ 3PKGLot 600hr Pass (OF/75)
128GB Biased HAST (BHAST) 110°C / 85% @ 264hr With Max Bias (JESD22-A110) Sir(”sr}‘l\%‘:h 25ea @ 3PKGLot Pass (OF/75)

ESD

HBM: >1KV @AIl Pins (JS-001-2014)

CDM: =250V @AIl Pins (JS-002-2014)

Latch-Up Test (LU)

Class Il (JESD78)

3ea @ 3PKGLot

HBM: 1.5KV Pass (OF/9)

CDM: 500V Pass (OF/9)

3ea @ 3PKGLot

Pass (0F/9)




S5E MCP Package Reliability for X2L Line : Full Qualification
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Density ITEM Stress Condition PCB Vendor Sample Size Result
Pre-conditioning JESD22-A113 (L3 w/ 4 X IR) 276ea @ 3PKGLot Pass (0OF/828)
Temperature Cycling (TC) -55°C to 125°C @ 700 Cycle (JESD22-A104) 77ea @ 3PKGLot Pass (0F/231)
Hot Temperature Storage (HTS) 150C, @ 500hr (JESD22-A103) 45ea @ 3PKGLot 600hr Pass (OF/135)
Unbiased HAST (UHAST) 110°C/85%, @ 264hr (JESD22-A110) Daeduck 77ea @ 3PKGLot Pass (0F/231)
256GB Electronics
Biased HAST (BHAST) 110°C / 85% @ 264hr With Max Bias (JESD22-A110) (DDE) 77ea @ 3PKGLot Pass (0F/231)
HBM: =1KV @AIll Pins (JS-001-2014) HBM: 1.5KV Pass (0F/9)
ESD 3ea @ 3PKGLot
CDM: =250V @Al Pins (JS-002-2014) CDM: 500V Pass (0F/9)
Latch-Up Test (LU) Class Il (JESD78) 3ea @ 3PKGLot Pass (OF/9)
Pre-conditioning JESD22-A113 (L3 W/ 4 X IR) 276ea @ 3PKGLot Pass (0F/828)
Temperature Cycling (TC) -55°C to 125°C @ 700 Cycle (JESD22-A104) 77ea @ 3PKGLot Pass (0F/231)
Hot Temperature Storage (HTS) 150°C, @ 500hr (JESD22-A103) 45ea @ 3PKGLot 600hr Pass (0F/135)
Unbiased HAST (UHAST) 110°C/85%, @ 264hr (JESD22-A110) : 77ea @ 3PKGLot Pass (0F/231)
Simmtech
512GB (SIM)

Biased HAST (BHAST)

110°C / 85% @ 264hr With Max Bias (JESD22-A110)

ESD

HBM: =1KV @AIl Pins (JS-001-2014)

CDM: =250V @Al Pins (JS-002-2014)

Latch-Up Test (LU)

Class Il (JESD78)

77ea @ 3PKGLot

Pass (0OF/231)

3ea @ 3PKGLot

HBM: 1.5KV Pass (OF/9)

CDM: 500V Pass (OF/9)

3ea @ 3PKGLot

Pass (OF/9)




64/128/256/512GB
Package Process Qualification Report



Package Process Qualification
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Summary

Number of

Sample Size

Stress Test Stress Condition Duration Criteria Reference Result
Package Lots per Lot
Absolute max warpage
; ) Referto 1.3.2
Shadow Moiré Convex(+)/Concave(-) 2 5 30°C 10 260°C i 133,134 OF /10
Temp at max warpage 4x IR cycles
JESD22-B112A
Referto 2.2.5
Reference spec 36 wires . MIL-STD-883
Bond Pull Strength Paragraph 3 3 (5units/Lot) NA min 2.0g M2011 OF /150
Reference spec 36 bonds . JESD22-B116
Bond Shear Paragraph 4 3 (5units/Lot) NA min 6.3 AEC-Q100 OF /150
Tape Adhesion Test Ta=25C, 4B - Level 3 20 NA > 4B ASTM D-3359 OF / 60
to Pass, referto 2.2.4

Delamination check Check after
by SAT preconditioning test 3 20 NA zero OF /128
Contact Resistance check Check after 3 20 NA < 0.6 Ohm-mm Refer to 2.2.6 OF /60

for shield preconditioning test
Width 3 20 9.0+£0.05mm OF / 60
Length 3 20 13.3+£0.05mm OF / 60
) Meet outline
Dmg'gfgn Z max Refer to 2.2.3 3 20 dimension max 0'9’8’27(51263) nggtollésf’ OF /60
tolerances max ©.6/mm D
Pre bump 3 20 0.05+0.02mm OF /60
: 0.8+0.025mm (512GB)

Body Thickness 3 20 0.77+0.025mm OF / 60




Package Process Qualification Confidential

Concave Warpage Convex Warpage
® Shad Moire M t Result (OF / 10
adow Moire Measurement Result ( ) S )
51 2GB PKG Condition : PKG Shield + T/O 256GB PKG Condition : PKG Shield + T/O
Reflow : 4 cycles Reflow : 4 cycles
o [5/5: 10 EA] o0 [S/S: 10 EA]
5 z 1 v I 1 I | 1 I
M : Q U AH IZIAI:I 77777 % ]
1: : N \ =g M
» % ;"%ﬁﬂ—'””””” === [ IR o 7 [
e . | I | I | I |
o Wnit:um) | | (Unit : um)
Measurement | 1RT 1¢PT 24 RT 2d pT 34RT 3dPpT 41 RT 4h PT Final RT Measurement | 1RT 1 PT 2d RT 2dpT 3dRT 34PT 4hRT 40 PT Final RT
Average 261 -33 40 270 36 236 384 219 391 Average 22 37 450 239 500 -197 534 -180 549
Min / Max 22/31 40/-27 28/43 -3A/-2 31/45 -31/-16 33/48 -28/-17 34/48 Min / Max 25/39 -38/-28 40/53 -33/-18 46/5 -24/-14 48/59 -30/-12 50/60
1 2 8G B PKG Condition : PKG Shield + T/O 64GB PKG Condition : PKG Shield + T/O
Reflow : 4 cycles Reflow : 4 cycles
w0 [5/5 : 10 EA] o [S/5 : 10 EA]
5 I
: \ u i A U A
:S 7?:7’:7 Juwl ws | 7 a5 s s \wﬂ s 7 a7 us )QWDS ns 55 » 15 as mwf a5 7115777:7;: 0
= I I I | I I I -
= | | | | [ | [ | o
2 (Unit - ym) Z (Unit-: um)
Measurement | 1RT 1 PT 2d RT 2d pT 3dRT 34PT 4 RT 40 PT Final RT Measurement |  1¢RT 1 PT 2d RT 2dpT 3dRT 34PT 41 RT 4h PT Final RT
Average 268 -304 u7 221 376 -201 403 -191 25 Average 192 182 367 -108 44 02 477 56 491
Min / Max 24/30 -34/-28 32/39 -25/-20 36/41 -23/-16 38/46 -22/-16 40/48 Min / Max 14/25 -25/-13 30/45 -15/-8 37/52 -11/12 39/57 -11/1 40/59




Package Process Qualification Confidential
® Bond Pull Strength (OF / 150)

Spec| min 2.0gf Spec| min 2.0gf Spec min 2.0gf Spec| min 2.0gf Spec| min 2.0gf
@ | 10wire x 2unit @ | 10wire x 2unit A 50wires x 3Lot ® | 8wire x 2unit @ | 10wire x 2unit
MAX|3.621| 3.721 MAX 4410 4.263 MAX|4.113/4.085|4.103 MAX | 3.249 13379 |MAX| 4309 |4.309
AVG 3372 3.235 AVG 4233 4.073 AVG |3.584 /3490|3457 | AVG 3.119 3059 |AVG| 4.166 |4.166
MIN [3.192 2911 MIN |4.079 3.874 MIN 29922821 2877 |MIN| 2962 2831 | MIN| 3.855 3.855
STD 0.120 0.241 STD 0.137| 0.145 STD 10.331/0.338/0.367| | STD | 0.113 |0.211 STD | 0.143 0.143
Ppk 2.19 Ppk 448 Ppk | *(normal 1.45) Ppk 2.18 Ppk 3.06

I

Spec| min 2.0gf

Spec| min 2.0gf
C | 40wires x 2Lot D |40wires x 2Lot
MAX|3.951 3.962 MAX|4.741| 4.426

AVG 3625 3616 : S5E (512GB) 7 AVG 4102 4035

256GB| Long | Short 128GB | Long | Short 64GB | Long | Short
MIN 3.371| 3.359 MIN |3.645 3.669 : : - _ - :
S5E | 72wires |72wires S5E | 72wires [ 72wires S5E | 64wires 64wires
STD 10.151 0.143 STD 1 0.198 0.132
MAX 3.951 4.331 MAX 3.903 4615 MAX 3.903 4615
Ppk 3.73 Ppk | *(normal 4.05)
AVG 3.503 3.964 AVG 3.441 4115 AVG 3.441 4.115
MIN 2.984 3.649 MIN 2.700 3.342 MIN 2.700 3.342
B : STD 0.215 0.147 STD 0.245 0.171 STD 0.245 0.171
i — . Ppk 2.33 445 Ppk 1.96 412 Ppk 212 5.12
OO 00 DA | 6
Spec| min 2.0gf Spec| min 2.0gf Spec min 2.0gf Spec| min 2.0gf Spec| min 2.0gf 512GB min 2.0gf 256GB min 2.0gf 128GB min 2.0gf 64GB min 2.0gf
10wire x 2unit @ |6wire x 2unit B 50wires x 3Lot ® | 13wire x 2unit ® | 8wire x 2unit NAND | 50wires x 3Lot NAND | 50wires x 3Lot NAND| 50wires x 3Lot NAND | 50wires x 3Lot
MAX|4.158| 4.143 MAX| 4.834 4746 |MAX|4.602 4561 4666 |MAX| 3.878 |3.589 |MAX| 4.272 |4.147 MAX | 4.6134.559/4.590 MAX | 5.024| 4.947 4.741 MAX | 4.391 4315 4.615 MAX | 4424 4.493] 4.582
AVG 3982 4.007 AVG | 4498 4311 AVG 41994159 14156 |AVG 3.623 |3474) |AVG 4.109 3.941 AVG | 4.355 4.365/4.332 AVG | 4.720| 4550 4.421 AVG | 4137 4.079 4.141 AVG | 4111 4.145 4213
MIN |3.819| 3.832 MIN | 4216 4.074 | MIN |3.868 3.766 3.741 MIN | 3.435 |3.281 MIN | 3.908 |3.740 MIN [4.0014.156 4.097 MIN | 4.352 4.006 4.165 MIN | 4.000 3.872 3.342 MIN | 3.777 3.841| 3.793
STD /0.108| 0.102 STD | 0.261 |0.236 STD /0.138 0.152 0.194 STD | 0.144 |0.088 | STD | 0.121 |0.150 STD 10.113/0.085|0.103 STD | 0.146 0.177| 0.127 STD | 0.092 0.121 0.258 STD | 0.142 0.144 0.165
Ppk 6.45 Ppk 312 Ppk 224 Ppk 3.71 Ppk 4.28 Ppk 7.75 Ppk 440 Ppk 4.66 Ppk 463




Package Process Qualification Confidential| }
# Bond Shear (OF / 150)

Ball Size avg. : 35.97um Process Capability Report for ENA Ball Size avg. : 36.18um Process Capability Report for ENC
minimum Sample Average | <L minimum Sample Average | LsL
. Process Data i Overall Process Data i Overall
512GB Min 6.3gf Lst 6.3 ; = == within 128GB Min 6.3gf st 63 1 — =~ Within
Target = | o Target : i ili
S5E 50wires x 3Lot Compie Mean 101527 |1 Qe cspaairy S5E 50wires x 3Lot sample Mean 107186 || o ety
Sample N 150 ' PPL 195 Sample N 150 i PPL 2.?6
MAX 11612111947 | 11434 | | Cootwim  assisss | ok 195 MAX |11.666|11.630|11.788| | SrEWERY onesse || ok 280
! Cpm * i Cpm *
AVG 10.170/10.279|10.009 i Potential ?Within) Capability MIN | 9.392 | 9.289 | 9.616 | Potential ?Within) Capability
! [¢ * | c -
MIN | 8.845  8.951 | 8.543 ggb 196 AVG 10.631/10.697 1 10.827 | EELLJ 287
STD 0620 0583 0746 ook nos STD | 0548 | 0521 | 0463 § ok 287
Ppk 1.95 3 Ppk 2.86 *
675 7.50 825 900 975 10.50 1125 1200 64 72 80 88 96 104 11.2 120

Performance Performance
Observed  Expected Overall  Expected Within Observed  Expected Overall  Expected Within
PPM < LSL [eXele} 0.00 000 PPM < LSL 000 000
PPM > USL * * * PPM > USL * = =
PPM Total 0.00 0.00 0.00 PPM Total 0.00 0.00 0.00

The actual process spread is represented by 6 sigma. The actual process spread is represented by 6 sigma.

* minimum Individual Shear Reading : 0.3gf * minimum Individual Shear Reading : 0.3gf

‘:\ :\ ‘\\‘ I\“I ’l“’l“""‘""|'r{l:'ll'|”‘|'|:y“ "
NNk o e
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Package Process Qualification
# Bond Shear (OF / 150)

* minimum Individual Shear Reading : 0.3gf

7.- °1 -l‘ 13‘1 r" ;‘\lr?‘

Ball Size avg. : 36.5um Process Capability Report for ENB Ball Size avg. : 36.9um Process Capability Report for END
minimum Sample Average | LsL minimum Sample Average | e
. Process Data E Overall . Process Data i Overall
256GB Min 6.3gf Lst 63 : - — - within 64GB Min 6.3gf LsL : = = - Within
Target * H - Target * | -
S sowiresx3lot | St o oty S Sowresx3lot | S..c o
sampla N 150 | PPL 205 sample N 150 ! PPL 194
MAX 13427 13101 13576 | soevoversn ossoors | U MAX 14781 14.814 14926 | swsowersl 1oms: oy -
StDeviWithin)  0.832373 H Ppk 205 StDev(Within)  1.09537 ! Ppk 1.94
1 Cpm * | Cpm *
AVG 10.251 10.31010.005 E Potential I:’\.v\f\t?'\in) Capability MIN 10.259 10.841|10.912 i Potential l;]\v\hthln) Capab\hty
H cp = . |
MIN [11.55211.397 | 11.327 : Lo AVG 12.635/12.680 12.650 ; L 192
' CP * 1 CPU =
STD | 0.894 0781 0814 § e STD | 1.178 | 1.105 | 1.013 i e
Ppk 205 5 Ppk 193 3
7 9 10 1 12 13 625 7.50 8.75 10.00 1125 1250 13.75 15.00
Performance Performance
Observed  Expected Overall  Expected Within Observed  Expected Overall  Expected Within
PPM < LSL 0.00 0.00 PPM < LSL 0.00 0.00 0.00
PPM = USL > > * PPM > USL * = *
| PPM Total 0.00 0.00 0.00 | PPM Total 0.00 0.00 0.00
The actual process spread is represented by 6 sigma. The actual process spread is represented by 6 sigma.

* minimum Individual Shear Reading : 0.3gf

PELTLE
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# Tape Adhesion Test (OF / 60)

Category 512GB 256GB 128GB 64GB
Criteria Classification : >4B
(Percent Area Removed : < 5% with Hatching jig (Tmm gap))
Sample Size OF / 20 * 3Lot OF / 20 *3Lot OF / 20 * 3Lot OF / 20 * 3Lot
i R W%ﬁiﬂoﬁﬁwutm .'::’;}';: N TISTHE 1) Ly ' ' : W 0] W
wwmmwwm A o ot R L : G G i &
Peel Off 7 4 ¥ 1 —pett- > E ‘ ,9#‘? “ - } : . - :
Image #1 3 : i W= g
2
Peel Off
Image #2
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# Delamination check (OF / 128)

Criteria

Delamination zero after preconditioning(L3, x4 reflow) test

SAT
Image

™ mmmmmmmmmmmm-m

128)@s 18 @0 168 150 1N S0 [0 10 0 (HY S0 ISl
18 158 1N 18 EEl 10 S0 0 (S0 S0 1T 16 1l 10 1E
10 1E0 (E0 10 160 (S Y0 VE0 LEE (E 15 1S3 10 160 1S
10 T 1S (G0 (0 (EE T LN 1E0 S0 Bl Sl LE0 151 e
158 158 LEE S0 LEE 1S Tl 1R D 1 1 s El sl el
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Package Process Qualification
# Contact Resistance Check for Shield (OF / 60)

4-Wire Instrument Reverse
Model Name Test Vehicle Design Polarity ~ Position Layer min avg Max stdev ; RS
Forcing Current (A) Repeatability Wi+ 100um
L1 0.050 0.060 0.072 0.004 e
Top 12 0.066 0.073 0.082 0.004
(g(')gces) L3 0.052 0.060 0.068 0.004 -
L4 0.114 0.132 0.158 0.011 e W
L1~L3 pitch : 150um L1 0073 0.093 0.106 0.006 b ez
L1 < 4.0 Ohm Left 12 0086 0.102 0.112 0.005
: : side
. . L3 0.077 0.092 0.104 0.006
Ni supplier .12 < 4.0 Ohm ©<) 14 0165 0.206 0.248 0.017
: . . . . .
Curﬁef])t('srg‘j;z'ge, af 3 <40 Ohm -0.23% L. L1 00540060 0.068 0.003
' M 12 0.064 0.070 0.083 0.004
L4 pitch : 200um (g(')dfs) L3 0.050 0.058 0.065 0.004 Left Right
L4 < 3.0 Ohm i L4 0.101 0.129 0.160 0.010
, L1 0.084 0.095 0.108 0.005
Right |5 0,091 0.102 0.113 0.005 BTM
(g(')gi) L3 0.084 0.093 0.105 0.005
L4 0.178 0.206 0.253 0.015
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® Physical Dimension (OF / 60)

Category 512GB 256GB 128GB 64GB
Spec 9.00+0.05 Spec 9.00+0.05 Spec 9.00+0.05 Spec 9.00+0.05
MAX 8.9954 MAX 8.994 MAX 8.994 MAX 8.993
Width AVG 8.990 OF / 60 AVG 8.989 OF / 60 AVG 8.989 OF / 60 AVG 8.989 OF / 60
MIN 8977 MIN 8.972 MIN 8972 MIN 8975
STD 0.004 STD 0.005 STD 0.005 STD 0.004
Spec 13.30+£0.05 Spec 13.30+£0.05 Spec 13.30+£0.05 Spec 13.30+£0.05
MAX 13.307 MAX 13.304 MAX 13.301 MAX 13.302
Length AVG 13.298 OF / 60 AVG 13.293 OF / 60 AVG 13.295 OF / 60 AVG 13.295 OF / 60
MIN 13.293 MIN 13.283 MIN 13.282 MIN 13.282
STD 0.003 STD 0.005 STD 0.005 STD 0.005
SPEC Max 0.9mm SPEC Max 0.87mm SPEC Max 0.87mm SPEC Max 0.87mm
MAX 0.849 MAX 0.821 MAX 0.823 MAX 0.826
Z maxXx AVG 0.829 OF / 60 AVG 0.803 OF / 60 AVG 0.799 OF / 60 AVG 0.797 OF / 60
MIN 0.810 MIN 0.785 MIN 0.782 MIN 0.774
STDEV 0.007 STDEV 0.007 STDEV 0.006 STDEV 0.007
Spec 0.05+0.02 Spec 0.05+0.02 Spec 0.05+0.02 Spec 0.05+0.02
MAX 0.0592 MAX 0.0582 MAX 0.0577 MAX 0.057
Pre-bump AVG 0.052 OF / 60 AVG 0.056 OF / 60 AVG 0.054 OF / 60 AVG 0.053 OF / 60
MIN 0.0485 MIN 0.0532 MIN 0.0496 MIN 0.05
STD 0.002 STD 0.001 STD 0.002 STD 0.002
SPEC | 0.8+0.025mm SPEC 0.77+0.025mm SPEC 0.77+0.025mm SPEC 0.77+0.025mm
BOdy MAX 0.819 MAX 0.788 MAX 0.791 MAX 0.794
. AVG 0.799 OF / 60 AVG 0.770 OF / 60 AVG 0.773 OF / 60 AVG 0.774 OF / 60
thickness MIN 0.780 MIN 0.752 MIN 0.756 MIN 0.752
STDEV 0.007 STDEV 0.007 STDEV 0.006 STDEV 0.007




