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SAMSUNG NAND Wafer node scaling 24L e ¢ 48Le o 72L 3D ReRAM
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‘Advantage of 3D NAND is that it doesn't require leading-edge
lithography...the burden will shift from lithography to deposition and etch.”

Ritu Shrivastava, VP Technology, SanDisk, May 2013 (SemiMD)

Note: Diagram not to scale
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REMOVABLE

MicroSD

MOBILE / WEARABLE

Single chip eWLB
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Pdp FBGA

LGA

SA-PoPt-SD2(21h) FBGA-SD4(4D+3WFBGA-SD5(5D+2W)
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Micro SD 4+1 SD SiP

=

Dual Driver USB 8+1

L=1.4mm, T=1.2mm, V=1.0mm, W=0.8mm U=@m_m, X=0.50mm

——

TFBGA-SD7,
30 um WT, 1.03mm PGK T

o
PKG Height : Nominal 1.13T (Max 1.2T)

TFBGA-SDS,
35umWT, 1.13mm PGK T

PKG Height : Nominal 1137 (Max 1.2T)

TFBGA-SDS,
25 um WT, 1.13mm PGK T
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XL/MC-eWLB




LFBGA-SD8 (NAND)

Package Features

e LFBGA 14x18mm 152LD

e NAND Die Size : 9.7x17.1mm

e Device : 20nm Non-LowK NAND

e Wafer thickness : 60um

e Mold cap: 0.84mm

~ 2-lyr / 0.13mmT laminate substrate

logies

) die
s \W/B with 60um die thickness
1e 8 dies stack
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a0 2 RS I 2 An /H ¥ %=%— MIXED (FBGA-SD6)
NAND + DDR + CONTROLLER

Package Features

e VFBGA-SD6 11.5x13mm 153LD

e Nand flash Die Size: 10.33x8.12mm
« DDR Die Size: 6.32x2.69mm
yntroller Die Size: 6.79X1.82mm
im, 3-lyr coreless substrate

ubstrate handing
lie and die to
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FLGA-SD9 (USB)

Package Features
e FLGA 11.1x16mm
e Memory Die Size : 8.2x11.1mm
e Controller Die Size: 2.9x2.4mm

e Device : 19nm Non-LowK + 65nm Lowk
‘Controller

afer thickness : 68um x 8 dies + 150um
oller

: laminate substrate

-die bonding
es stack

'4
’

subsirate



Memory Stacked-Die

Package Features

e FBGA 11.5x13mm 221LD e-MCP

e 4.115x1.385(Controller) : 60um

e 9.647x8.070(DRAM) : 75um

* 1.208x7.171(Nand) : 60um

' 9.00x8.00 (Film spacer) : 53um
0.41mmT laminate substrate

h die
ation
ascade structure

Face-up Chip
Face-up Chip
| Face-up Chip
Face-up Chip

Face-up (Memory)

Logic Chips

. it
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Heat spreader/sink (optional)

Mother Chip
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Daughter Chip Solder Bump

Rigid or Flex Substrate

Solyer Ball < >
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3DFREHMFE

THH S5 EASEL
1 US7383630 Method for making a circuit plate
2 US6774473 Semiconductor chip module
3 US6420788 Method for mounting a semiconductor chip on a substrate and
semiconductor device adapted for mounting on a substrate
4 US6437448 Semiconductor device adapted for mounting on a substrate
5 US7176573 Semiconductor device with a multi-level interconnect structure and
method for making the same
6 1241009 — B X S BRAY T VA S BAT AL TP i By IR A 2
7 1292178 HEB R EHG i f B
8 US7411285 Low profile stacked semiconductor chip package
9 Z1200510117763.5 BB A F BHERRS
10 US8076775 Semiconductor package and method for making the same
11 US7672130 Heat dissipating device
12 Z1201110036515.3 RIS E
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4 mmiti-chip semicondnctor  module,
ST

EREES. Ei

A clip-mounting mensher inchuding £t
and second mbsiais;

HEEE frt {1 woond sshsrabes 1

Seid St substrate hoving opposite S
i wecond surfaces, a phmloy of i)
joomdtoctivs viss thar extend thromgh said)
first and secomd surfaces, and 2 Smt cioouit

and comnecied elecimically to said £
joondactive vis,

E fmt subsmem B 8mt £ second
arbce, BERTE Gnt 7 second
mrfces 37 int condectiee viss, B—iT
B seoomd surface |- 5 1% WA A g

[ayrat paitermed oo il wecond srfecs fimt comdective vias B firet oot byt

Said socond smbsiaie hanving opposiie st
b second mrfaces,  phmlity of secomd)
fooncdtactive vizs that cxtend throegh said
first and second sexfaces of szid secomd
wahsizats, & weond ot bryout pathened)
o sadd second wxface of sald secomd
wohstate and comnected slectrically fo said)
woond conducthe wiss, and A fowy

E second sobstme B &mt #1 second
arices, EENRNTE second subsiain
= Bt §0 second serfcss B second
condncine viss, —iFE swecond susiam
2 secomd surface | S IR ERINE W
second comdnctien wizs 59 secomd ot
e L

buing bonded om said second mriaes of
wid fimt substoate such that s2dd secomd
joipcuit lrponnt B comecied aleciocally o
wid fret oot layout through sadd G
i wacond condnrirve viss:

Said Bt surfece of sid wecond subsirie] I wecond mibatie ¥ St nobice TR S

T it wohsimate 7 socond sarface |- [
Si548 second cinouit layour R fins
#] socomd condactivg wizs SO A0S
B first ciroedt layout

A Omt semicondnctor chip Esposed )
wid fmt chip-recaiving opeming  amd)
toning a st cootact pad nrfacs mwoumisd)
o w3l second soiace of said fimsg
whsmte, wid fint corect pad &
buing formed with a pheality of

o pads;

—®FE S chiprecsiving opening 9
EEW— fnt contact pad surface 8
iEE St sohstmate = second saface Y
Smt seemicondnotor chip, B St comact
pad surfsce JEFELWEE Gt comac

firwi] pad:

[Fimt condnctor mean: Sor commoc
kloctrically said fint contact pads 1o
Hhirst it brpout;

s FEFHEE Y Smi comtact pads i 8 F]
saidl fint crouit boyoet §Y St condnctor

AN

A second semicendnctor chip haing of — B — second conmct pad muriacs iT

& iEe

-~

¥

(mror

ccatact pad swiace mounted ool second subatrate -~ second swwhoe Y
sud second swiae of sxud
robstrate, said second contact pad surface{contact pad suriace N EE

g formed with a phuality of

pads; and

socond seomconductor  chip, I

Second conductor mwans for commectmgl FFEEY swcond cootact pads

ically sxid second comtact pads tof

said second crcwt layout.

L& K
NS wcond crout hayoat 25
conductor meams.

Second wemuccadactor chip

Secoes 2
RIS Firs: semiconducios cip
comductor 1y

L] \
mesms \

Secoad cc.dur'vga

g

‘ e c_:v-mu"m: c"-c.nms

Second comnct pad

Sacond cizouit yyow

: '
|| )

.

Second surface

(Tist surfm- of -\

Second
ubiate
Seccad layer
commct pad
surface

Second swriace
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US6774473 BE[E E A SiP Side by Side BGA & R8¢

I
L
|
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USE774473 #7950 3 B ARG 1 78

L. A semicondusor wop mexdule HHMprEns:
2isy ich-mourking mombor having epposio et snd secoad
[1-5. p“tcnt Aug. 1, 2o Shet 1 of 9 US 6,774473 B1 artoes 8 el of B eirewmil e, and & plorakity of
plated thecugh boles thal emend drongh ssad firsn sad
el wmplacwe and ihed v commeded O vl Ted
[RISTHR R
3 [l srmiapndncin .'||i|| e ing o pad miunhng serfaee
wrilh & pZLrJ.III'.- iofl eomiao plLcE rrovided thepeon,
o fes) dick cing lapg roem®sr For Bonding sdhesgecly apid

\ B fina sermizondwoior chdp on cadd chipemounting mes.
19\ ' b
J i firEt concucior Ui for coaneciing electrcsly snid
cmbiel pagk of said (rd ssmiconlacior ciep il <ajd
fire cSrom waoss; wul
a plamality of solcher halle disposed on one of seid st snd
aecl surlases ol an el chap-mounimg, member, coch ol
=il solder balls being alisped with amd beine con-
nached o a respectve cne of sad plated theovgh holes
N .- el = PR 4 ;I'I .":II.I I.'I' ;'I"--I'I'II'I.I:I":rIi-_" 'I'Iil'l'k?l-'l'.
Through-hole L _' " f-n Vaz wlverein said frst circuil waces and sail sl serniasmbee-
(el =Im) i3k - B ) " AR tor chip are dispaged on & same ane of said first and
second surfsces of smid dhip-mounting member;
AS'C o FAN sald frst dislecine tepe member bonds adwsivdy said

ad maunting surface of said fire wemiconducior chip
on =aid =ame one of sad hest and secend serhoes of
sail chip-mooniing member and s omed with a
plurality of hokes &l posilions regislenad wilh sad

.' ' L .- crpact poad of enid firel garnpeondibclon shap; arel
saen - saidl firs comduaior nnit inchaces @ pluraliny of Comlucive
. . crpaact bl chet ame daposed withm s boles m sapd
first dielestrie tape member ta sssahlizh elesdrical con-

“ ! . %y‘ w— {q: nochion between said comlect pods of said firs scan

'. ~ Jj lJ conductor chip and sail Arst croudl races.
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PATENT CLAIM 1 (UIS6774473)

17610 L

S LD E

A semiconducter  chip
COmpTsng:

modale |3

A chip-meoanting member having opposites
first and secomd surface a sef of first

circuif traces, and a plurality of plated
throush holes that ewtend through said
first and secomd surfaces and that ame
connected to said Srst cirowit maces;

{#§ chip-mounting member, 2§
chip-mounting member H ¥ st and
second surface, a sef of first cinouit traces,
and a pharality of plated through hales that
gxtend through sakd first and second
surfaces and that are coomected to said
first cEnouit traces;

said chip-mounting member, and is
formed with a plurality of holes at
positions registerad with said contact pads
of said first semiconductor chip; and

Ime RS first semiconductor chip
#] contact pad Az . &

A first semiconductor chip having a pad
mounting suface with a plunality of]
contact pads provided thereon;

{# first semiconductor chip, HEIT
{HE27785E conact pads §7 pad movmring
surface;

Said first comductor umit mcludes a
plurality of conductive contact balls that
are disposed within said holes in said first
dielectric tape member to establish
electrical connaction between said contact
pads of said first semiconductor chip and

said first circuit traces.

&% first conductor umit EIJEWMEE first
dielectric tape member A5 hole 49
conductive contact balls [ ¥y ¥ first
semiconductor chip 54 first circuit traces
ZRETRE N

A first dielecinic tape member for bonding
adhesively said first semicondoctor chip
on said chip-mounting member;

{3 first dielectmic tape member, HiEgE
first semiconducter chip F E FE S
chip-mounting member F;

A frst condwctor umit for coomecting
elecimically said contact pads of said firsg
semicondoctor chip and said first circuit
races; and

{# first conductor umit, H FF-EE
first semiconductor chip 47 contact pads 8
& first circuit maces & F S,

A pharality of solder balls disposed on ons
of sxid first and secomd surfaces of said
chip-mounting member, each of =said
solder balls being alimed with and being
connected 0 2 respective ome of sadd
plated throush  holes im aid
chip-mounting memyher;

¥ EH solder ball, H 2 =
chip-mounting member 57 second surface.
f5{d solder ball 2 WUESIT ENAT plated
throuzh hals;

Wherein said first cirouit traces and said
first semicondwctor chip are disposad on a
same one of said first and second surfaces
of said chip-mounting member;

H oep, frst coooit taces B Gt
semiconductor chip £ W5 chip-moumting
member &7 first surface;

Said first dislectric tape member bands

adhesively said pad mounting surface of
said first semdconductor chip on said sams
one of said first and second surfaces of

& first dielerric tape member §05E first
samiconductor chip 47 pad mounting
surface FiT{ERE chip-mounting member
¥ first aurfare =, fiEBFEEEERE

LR R J

LR

L
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[PATENT CLADM 1 (US3076775) Samnmg & 5 m of =i But o
A samicondnctor pacdicage, conprising: | Samamg &S, S8 | i B

A sermicondnctor subsiate bonving foofl— @ cdhip-mounting member, B
jnd mear sides, oo opposin laseel sides|chprmomeding mensher B P Gt and
framsverse bo said oot and mar sdes afsecond morfsos, 2 set of Bt cirouit toaces,
[pad-mounting Hics disposed at said fontamd a phimlity of plyed through holes that
ida, and at least one bonding pad wxiend foough said frst amd second
oo said pad-meounting face; wrizces and that are connecied to said
it oot Taces; (through beles T
HNERRLRE. ENSDERET
salder tall #7r %, WFE chip-oounting
meenber, B first cooeit trace R

A vt mner msnlxior byer formed on saad —E fint semicomducior chip, HET—
F‘ﬂ-n:mniug face and Soomwed with af EEFEE contact pads 77 pad menmting

widar bk, M B B E

st one pad-aligmed hole that exposes|surfacs

—{f fimt dislectric tpe membar, HiEE
fimst .-nnl.mmdmm:’ dip BETE

wxid n'.n—dn:Em.u.g lavmr, whemnsin
wamiconductar wobeizaie fircthar has a
dispossd at said rear sde of sad

waid St mnor inmlator layez a
wiment dsposed 2t said coe of
toral sidos of said  censicomdnc
wohsimate, and a thivd segment disposed
aid mar ude of said semicomdnc
wohsmeie;

d-msoumting: Hice and said mar face,
woond segment of said imtemal wird
baing formed on one of said wde faces 1
iz disponed at said oz of said lateral sides,
said third segmant of said fernal wi
baing formed oo sad mear Hoe of
wanmi conductor substratscand;

A secomd mmor fmeelater layor chot | £t dislectic tzpe mamber FE Gnt
e sadd mar fars of said|semmicondector chip A7 pad mw
wmiconductor  wbstate and  dot  is|nories BETE dop-owonting member
with at loast oos m.m-n'rm.:-:h:‘*"'_. Bt smbace |, MEREETEE

A Smit ouer feolstor disposed at said—{E Emt condnchor wnit, B A AEE
side of wid semicondncior mbutrrte it sammicondnetar chip 77 corfact pads #
boving a porizon that is formed o said| B Bt cnot traces B RS
wegmant of wid iveral wirng

i formed woth # kst one fre

mmnecting hole wiich saposes
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hols which wepoass 2 porten of said bols 7F ¥ BN B Bt senmiccadnctor chip
e of said semicondncior substrote, said i contect pad #H BB

1  Fist semicondnstor chip

Frrst surfacs

Fimt dialnciric
t2pe msambar

Chip-mounting mamhes

Soldarball w——




A
ankt

=

PATENT CLATM 1 (USGTT4473)

Inied CPU #EdE

A semiconducier  chip
COMpTisinE:

module,

Inted CPU &S, HA:

A chip-mounting member having opposite
first and secomd surface a set of drst

cirrwif races, and a phmality of plated
throuzh heles that extend throuzh said
first and second surfaces amd that are
connecred to said frst cirouit maces;

{# chip-mountng
chip-mounfing member H ¥ first and
second surface, a sef of frst circuit traces,
and a pharality of plated throngh holes that
exfend through said first and secomd
surfaces and that are comnected to said
first ciroust maces; (through holes =@
EHEESHTYE. CPAEEREE
zolder ball #7{ %, W% chip-momring
member, £ first cinowt mace 3 )

memher, &

A first semicondocfor chip having a pad
mounting smface with a pliraliy of
confact pads provided therson;

& frst semicomducter chip, HE ¥
{5277 Bi(E contact pads &9 pad moumting
surface;

A first disleciric tape member for bonding
adhesively said first semiconductor chip
om said chip-mnims member,

{& first dielecmic tape member, HiEsE
first semiconductor chip B E &
chip-mounting member +;

A first comductor umit for commecting
elarmically said contact pads of said first
semiconductor chip and said first circuit
races; and

{# first conductor unit, HFAFES
first samicanductor chip 7 contact pads 8
& first circuit races & E M,

A phurality of solder balls dispozed on apne
of said frst and secomd surfaces of said
chip-mounting member, sach of said
splder balls being alipmed with and being
connected W 3 respective ome of said
plated through |holes i said
chip-mounting member;

B B solder balls, H 2 O B
chip-mounting member 47 second surface,
f{d solder ball 2 U 08 R plated
throush hole;

Whersin said first cirouit aces and said
first semicondwctor chip are disposed oo a
same pne of said first and second surfaces
of said chip-mounting member;

H: o, first coooit faces B first
remicomductor chip £ 5 chip-momting
membear 57 first surface;

Said first dilecmic tape member bonds
adhesmvely said pad mounting surface of

said first semiconductor chip on said same|sarface FETEE chip-mounting member
one of said first and second sarfaces of|f] first sarface &,

& first dislectric fape member §uEE first
samiconductor chip 47 pad mounting

BB AEE

olj*emor

——— e u‘usl

-—

tape member w—_

RERI|EAINTEL CPU

IR EELCE

said chip-mounting member, and is
formed with a plurality of holes at
positions registerad with said contact pads
of said first semiconductor chip; and

Pﬂk RN first semiconductor chip
] contact pad #3{ir M- 2

Said first conductor unit mcludes a
plurality of conductive contact balls that
are disposed within said holes in said first
dielectric tape member to establish
electrical connaction between said contact
pads of said first semiconductor chip and|
said first circuit Taces.

% first conductor unit EIEWFEE first
dielectric tape member @7 hole &)
conductive contact balls [ ¥ {7 ¥ first
semiconductor chip 5 first circuit traces
ZRETRE

Furst dielectric

First conductor unit

: ! : Pad
First semiconductor chip f
el
| | /
Discrete Pas'.i'vrs f £ First surface

————Die Stacking

. | /
. Cpntormdl Shiéding vV

Second surface o Wire-bonding ‘Ii ! : o — A

| / -

hole

/T ONOEEQ 0O

/ 4
4~6 laypfs laminate substrate!

/ |
Figure 1: SiP Module Cfoss Section

¥
Chip-mounting member

Pad mounting surface

Flip Ch *Soider ball

|

3
First circuit traces

H%q WOrmUE HMISCE

Cib-moauws mempea

\

Plated throuzh
>
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PATENT CLAIM 1 (UIS6774473)

ETAG

A zemiconductor device adapied for
miunfing oo a subsiate, the substmte
having a chip-mounting region provided
with a phmality of solder peints, said
semiconductar device, comprising

ETAG, 81&:

A  semicondocior chip hawving  a
pad-mounting surface provided with a
pluality of bonding pads which ame
disposed oo sid pad-mwouniing surface;

semiconductor chip BH—ERANE

oding pad #%7

{#§ semiconducter chip, &
L 1 pad-mountmg surface;

A phuality of conduciive first amps
elecmically and respectvely comnacted to
and protroding from said bonding pads;

EE WS B o ik i
bonding pads &7 first bump;

A photoresist layer formed oo said
pad-mnmniing SUTEACE of said
semicondoctar chip, said photoresist layer
beinz formed with a plunaliy a access
hiples registered with and expesing at lest
a partion of a respective one of said first
bumps on said bonding pads; and

@ RESE semiconducter chip =~
[pad-moundng saface - 4 phooresist
layer, 55 phodoresist laver FEEEHEER
R first bump 7 —Ef4HET access
holes: B

A plomlity of conductive second bomps
each of which has a lower portion filling a
respective one of sald access holes to
elecimically  compected  with  amd
encapsulate said portion of a respective
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