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(57) ABSTRACT

A multi-chip package includes a first group of memory chips
that includes a first memory chip and a second memory chip,
a second group of memory chips that includes at least one
memory chip, a first internal wiring system that couples the
first memory chip and the second memory chip to a first
terminal configured to receive a chip-enable signal, a second
internal wiring system that couples the at least one memory
chip to a second terminal configured to receive the chip-
enable signal. The first memory chip and the second memory
chip each include a chip address memory region configured
to store an address associated with the memory chip, and an
address rewrite module configured to rewrite the address
associated with the memory chip and stored in the chip
address memory region in response to an external operation.

11 Claims, 11 Drawing Sheets

O R Y T A Y O O N A o Y o R R T
1AL AL LN TSN T EE A TS LAV AL AT AT EL AT 7 Wy

B R R e B e o o R S e G e e S R e S T S

e e e o T e

&J’ T e B ey R N e ey A L S L LR R Vi e B iy, m '

-92
2 -5

w- L3071 2

/
1

a4 B




US RE48,449 E

Page 2
(51) Int. CL 8,929,117 B2* 1/2015 Matsunaga .............. G11C 8/12
GI1IC 7710 (2006.01) | 365/51
G11C 8/12 (2006.01) 2002/0073272 Ath 6/2002 Ko et al.
(52) US. CI 2002/0118593 Al 872002 Takemae
. Ll 2005/0023674 Al*  2/2005 Kang ..o, HO11., 24/48
CPC ... G1IC 8/12 (2013.01); HOIL 2224/32145 : fytupiio
(201?3%3;/ ﬁg% ggfgﬁi’(f)?l())ﬁ’f 1{%10232221/ gg% 2005/0040509 ALl*  2/2005 Kikuchi wvovieoiii.. HO1T. 21/563
01); 257/686
(2013.01); HOIL 2924/15311 (2013.01); HOIL 2005/0162946 Al 7/2005 Koide
2924/181 (2013.01) 2006/0069896 Al* 3/2006 Sanders ... G11C 5/04
(58)  Field of Classification Search 2006/0152981 Al* 7/2006 R GO6F7§/1(%(15§
CPC ......... G11C 15/00; G11C 16/10; G11C 16/30; YU v 165/104
Gll%ﬁ?/fgxgglgggwé 80813L ?3%%1211250613 2006/0212693 AL*  9/2006 CRO eoooeeooeoooo GOGF 9/4403
» 713/1
23/60; HO1L 24/48; HO1L 25/0657; HO1L 2007/0045827 ALl*  3/2007 Han .o, G11C 5/04
25/28 HO1L 23/3121 HO1L. 23/49506 257/723
GOGF 1/30; GOGF 3/06195 GO6F 12/0246,, 2008/0074930 A1$ 3/2008 Kanda
GO6F 12/0868:J GO6F 13/3853 GO6F 2008/0309372 Al 12/2008 MOIldeIl ................... Gll;):zg?gg
e 3615% 2)2?% 1G(i68F5 gé/ 016855(}108@1;2/ 1260718 2009/0135638 AL*  5/2000 SHIMiZU oooovrroron G11C 5/02
...... 1, 51, .05, 18, , ,, 365/51
365/230.06, 189.011; 326/82, 39; 2009/0292862 Al* 11/2009 Kitahara ............. GO6F 12/0246
257/685, 686, 723, 777, 710/1, 313; 711/103
711/103, 118; 716/110; 267/48 2009/0300259 AL* 12/2009 Luo ..o, G06F7}gg?§
See application file for complete search history. 2009/0319716 Al 122009 Nagadomi
2010/0082890 Al*  4/2010 HEO vovvovovevin, GO6F 12/0246
(56) References Cited 711/103
N 2010/0153625 Al*  6/2010 Sugita .ocoooevvvre., G11C 16/30
U.S. PATENT DOCUMENTS 1103
2010/0169550 Al*  7/2010 AKita oooovvevevini, GO6F 12/0868
6,055,504 A *  4/2000 LO wovoivioireri, GOG6F 13/1678 Z11/103
| 326/39 2010/0199025 Al* 82010 Nanjou ... GO6F 12/0246
6,519,171 B2* 2/2003 Matsuzaki ............... G11C 7/10 711/103
| 365/201 2010/0232197 Al* 9/2010 Park oo, GOGF 13/4239
6,621,169 B2* 9/2003 Kikuma .............. HO1L 23/3121 365/5 1
257/48 2010/0235568 Al* 9/2010 INAMUIA woevvoeeoreonn.. GO6F 1/30
6,657,914 BL* 12/2003 ONE .ooovovvvvererereenn. G11C 8/10 2117103
365/230.06 2010/0238696 Al*  9/2010 Baek ..o, HO1L 24/48
7.009303 B2* 3/2006 Kuroda ................ HO1I, 25/18 265751
257/685 2011/0242894 Al* 10/2011 Vogan ............... G11C 29/883
T By 55007 Rade 365/185.18
3 3 He
753173630 B2=I< 1/2008 Telecco ““““““““““““ GllC 7/10 2012/0008360 Al 1/2012 K&ﬂg """""""""""""" Glé(éSl/igO?
365/189.011 ‘
. 2012/0140583 Al* 6/2012 Chung .....oovviii.. G11C 7/109
7327.590 B2*  2/2008 Matsti .ooovovvevevnnn G11C 5/00 -
365/191
365/51
7.477.545 B2* 12009 TU wovovoeeeeereerinnn, G11C 29/88 N N
65185 08 FOREIGN PATENT DOCUMENTS
7,486,569 B2*  2/2009 Fujita ....ocoovvrvveer.n.. G11C 16/10 __
3657185 05 JP 3670041 B2 7/2005
7.880.312 B2* 2/2011 Okumura ......... HOLL 23/49838 b 2005209514 A 8/2005
257777 01201563 A 1012
2 . .
8.072.055 B2* 12/2011 COIiSiS ©ovvvrevnn... H01L2§ga}79}§(8)g W 011002663 Al Lol
8,131,913 B2* 3/2012 Pyeon ... GOG6F 12/06
711/103
8,254,155 Bl 8/2012 Crisp et al. OTHER PUBLICATIONS
8312240 B2  11/2012 Takemae
8,456,856 B2* 6/2013 Lin .ooovvvvvveerreinennnnn, HO1L 23/60 Open NAND Flash Interface Specification, Revision 3.0, Mar. 9,
257/686
2011, 288 .
8.513.817 B2  §/2013 Haba et al. ) 00 Pases
8.924.903 B2* 12/2014 Ide ..oocoovvvvevin., HO1L 23/481
716/110 * cited by examiner



US RE48,449 L

e T e ey Sy
Y T T T T T T MLy .Y YT T ™ O T T ™

m Wvd
)
: £
y— y ;
\ : : _
= m : YFTIOYINOD
- M ” Nve
- : ‘ .
W " :
W ' :
e " +
7 p . r
m :
m QL
yo— ' :
3 " m
S " H
e >
< ¢
mw LI AT
a5

U.S. Patent

XTdd0S THIMO4

JITIOYLNOOD

A/ LSOH

HOT AN
LSOH

0cé-



US RE48,449 L

Sheet 2 of 11

Feb. 23, 2021

U.S. Patent

0i—

Gl

et T M Py R T W OTY WY

— i mle o . e

I b e pd b L ok

e o Em m Em Em Em o g R PR PR W wl mrorm g W e e e A R

b v e e W o

YATTOEINOD
aNVN

AATIOIINOD
I/I ISOH

LINOETIOD
ATdds daMod

dOTAHJ
LSOH

Q0¢



U.S. Patent Feb. 23, 2021 Sheet 3 of 11 US RE48.449 E

Fig. 3
VGC
VD?J
130a 13Gb lﬂﬂa “330b 1303 1301-1 1393 13 -
( i id
i 140
(
L6
Fig. 4
Vrm
Voo R )
130a| |130b 130a meblsea
—~ 7 §

R K *d

;123




U.S. Patent Feb. 23, 2021 Sheet 4 of 11 US RE48,449 E

<

VE}Q . ' { I : . .
' : - J0a 300

0l g gy gy, o o oo, gy o, oy o



U.S. Patent Feb. 23, 2021 Sheet 5 of 11 US RE48.449 E

Fig. 6

N ‘lld
> !
<3 .
KN
1
‘2
I3
I3
'}
by ;
& 1 o 2
b} ’
T ¢l
T4
B r -_l'.
I B :1
.-
' '
H i i ]I
i ] ¥4
L Yo T
: A i1
F I T 7
1 - y r )
.].. ]" lllllllll
I 1}
£ !
:: 1:_”_
; r .
' ; v, .3_ ) 5
£ ) |I 5
¥ 1
: 3
55 et 5~ o 2
v gk :-: |
g
R
' =]
(| 3
v i
"R
{7 .
|+ -
&5 :J
B2 et 1
= 7
Fiqg.
TR z hy A
. ) ,
r p
+ ]
y F
i F

P R R B O O o OV O O N Y T L VK A S e AR VI,
A i A e e edd

R e Wﬁffyﬁmgmﬁmﬂwﬂ?&ﬁfm#.rmarmm _

B S Ao A A r A v oAb oA ok e ot
IV LIS S8 TS LALLM L LGRS I M S ALLARATSIANT T AL LSS

e 02 Il R O O O S R T T A PR B AS RAs H‘ R e g 2‘

R W e B T Py T L Ty T, T W PR o ™ Ty T T N, T T T BT W R AT R TR Y Wty .l'l-l.'hf LRSS LR LRSI RN R

Wﬁ?ﬁ%@%ﬁﬁ%}%ﬁ Wﬁ A5 1
| | 1

5  tia 1ib e m 54 53

04




US RE48.449 E
51
i+ee-56

00000 00000
00000®00PO0BO0000
0000®E@00O00OB®O000
” SlelclelolololelCIelE m
clololelelelelclolcle

elololclelelelelolole
w Slelclololololeclel W
0000®E0000@@0000
00000®0000@DO000

T ST TN Bl TE T N Y Tl ol e ot e e i e S S P N e e e e e e iy Sl P B e e Rl of e e e S g b e e of wlea Bt e bdrueyr ey P WS S DA FERLA s r AANSE BN RS ST A N B SR O I W WA N OWE A A r R A B LR T N TR TR WY J P ey

Sheet 6 of 11

Fig. 8

Feb. 23, 2021

U.S. Patent



US RE48,449 E

Sheet 7 of 11

Feb. 23, 2021

U.S. Patent

0% |-
100910 N 1AV
IALSTORY
—SSTIAAY dTHD wzHammm _ 0a0V0
oA VAA L ene |~
- , asssasassssssoorsasasoscsssonconssidy .mo.ﬂmmmsz,m\Mm _HHO
/ 1213 AB/ A

DECODER

‘ MOSSTD0EA
HATITOEINOD dIHOD ¢ i TYNOSIS TOJINOD

Lbi~

:
61l 4 YITATTAWY ISNES F

G M §\

ROW

ELl> N 211>
bil

mmamemm ANYIHHOD 51O/
g§1—~4 JIQODAA NWQTOD _ m
- l \“ﬁ &\%&\x&g .%WmHmmuo%mH . 9
- 060/
mwwt LiE~

P} h.

SSA DOA



U.S. Patent Feb. 23, 2021 Sheet 8 of 11 US RE48.449 E

Fig. 10
o §i
CONNECTION EXAMPLE Yes
1 ADOPTED?
rfﬂn g9

CONNECTION BETWEEN THE TRANSFER |
CONTROLLER AND THE MULTI-CHIP
PACKAGE BRY THE SIGNAL LINE GROUP

HAVING ONE END CONNECTED TO THE
TRANSFER CONTROLLER AND HAVING THE
~ g% OTHER END COMMONLY CONNECTED TO THE
SETTING OF THE TRANSHFE - OLDER BALL OF EACH PORTION OF THE
t CONTROLLER SO THAT THE CONTENTS
| OF THE CHIP ADDRESS REGISTER ARE

[ » »
HWRC LT LRN AT S0 K

CONNECTION BETWEEN THE TRANSFER CONTROLLER
AND THE SOLDER BALL OF EACH PORTION OF THE
INTERNAL WIRING BY AN INDIVIDUAL SIGNAL LINE
{ GROUP FOR EACH PORTION OF THE INTERNAL WIRING

Fig. 11
START
RO T N I e i re— o
INITIAL STATE IN THE CHIP ADDRESS 1-511
REGISTER

REWRITE THE CONTENTS OF THE CHIP
ADDRESS REGISTER TO THE CHIP ADDRESS
THAT CAN IDENTIFY THE CHIP ADDRESSES §.-S12
COMMONLY CONNECTED BY THE SAME
INTERNAL WIRING

ON O 4 VIFMOR Y 'F 2 \
REWRITTEN CHIP ADDRESS AND THE CE t-S513
SIGNAL

‘e ’ SN By: i 'l'l"i d M ) X ] |
SELECTED MEMORY CHIP AND THE HOST 514
DEVICE




U.S. Patent Feb. 23, 2021 Sheet 9 of 11 US RE48.449 E

Fig. 12

START

| STORAGE OF THE CHIP ADDRESS OF THE
INITIAL STATE IN THE CHIP ADDRESS &521

REGISTER

~W2¢

EXECUTION OF DATA TRANSFER BETWEEN &

THE SELECTED MEMORY CHIP AND THE HOST Ft-523
DE




US RE48,449 L

Sheet 10 of 11

Feb. 23, 2021

U.S. Patent

PNT

"‘"rh....t"

144
L1

JA0SSHO0Id

A TIOCELNOD dIHD TYNSOIS TOHALNOD

J§ ;-r
bliy

Loy L,

JALSISTI SSTAAAY ‘

gy > TEE

ROW DECODER

YATITTARY HSNIS
9L~ wazstoms viva |/

SLE~

‘}.\\ \

111111111111111111111

) ]

S8 A GQ} \..&

d0SSHO0dd
TYNOIS O/I

€T "bra

m\_—nkiu}mx A

LS00
O
4y

O 3M



U.S. Patent Feb. 23, 2021 Sheet 11 of 11 US RE48,449 E

Fig. 14

START

931

CONNECTION Yeas
EXAMPLE 1 ADOPTED? |

No - 532 _ 834
REWRITE OF THE CONTENTS OF THE CONNECTION BETWEEN THE TRANSFER

ROM FUSE TO THE CHIP ADDRESS CONTROLLER AND THE MULTI-CHIP PACKAGE
THAT CAN IDENTIFY THE CHIP BY THE SIGNAL LINE GROUP HAVING ONE END

ADDRESSES COMMONLY CONNECTED BY D HAVANG THE OTHER. i P
THE SAME INTERNAL WIRIN

CONNECTED TO THE SOLDER BALL QF EACH
PORTION OF THE INTERNAL WIRING

ONRE DN BE : :
CONTROLLER AND THE SOLDER BALL OF EACH
PORTION OF THE INTERNAL WIRING BY THE

INDIVIDUAL SIGNAL LINE GROUP FOR EACH
PORTION OF THE INTERNAIL WIRING




US RE48,449 E

1

MULTI-CHIP PACKAGE AND MEMORY
SYSTEM

Matter enclosed in heavy brackets [ ] appears in the -
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding. 10

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation of U.S. patent applica- 1>
tion Ser. No. 13/773,305, filed Feb. 21, 2013, which 1s based
upon and claims the benefit of prionity from Japanese Patent
Application No. 2012-067031, filed Mar. 23, 2012, the
entire contents of which are incorporated herein by refer-
ence.

20

FIELD

Embodiments described herein relate to a multi-chip

25
package and a memory system.

BACKGROUND

Lately interest has been directed to the SSD (solid-state
drive), which carries a memory chip that has NAND-type
memory cells as a memory system adopted 1n a computer
system. Different from the magnetic disk device, the SSD
has the advantages of a high speed of operation, being
lightweight, etc. 35

Given a limited pin count and assembly area for the
transier controller that executes the access control of the
memory chip, to maximize capacity, SSDs can be configured
with a multi-chip package that has multiple laminated
memory chips. 40

30

DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a diagram 1llustrating an example of assembly of
the multi-chip package on the SSD according to a first >
embodiment.

FIG. 2 1s a diagram illustrating another example of
assembly of the multi-chip package on the SSD of the first
embodiment.

FIG. 3 1s a diagram 1illustrating the internal wiring of the
multi-chip package belore assembly on the SSD.

FIG. 4 1s a diagram 1llustrating an example of wiring
when the multi-chip package 1s assembled on the SSD
according to a first connection example. 55

FIG. 5 1s a diagram illustrating an example of wiring
when the multi-chip package 1s assembled on the SSD
according to a second connection example.

FIG. 6 1s a diagram 1llustrating the layout of one multi-
chip package. 60
FIG. 7 15 a cross-sectional view 1illustrating the multi-chip

package.

FIG. 8 1s a diagram 1llustrating an example of the con-
figuration of the solder balls of the multi-chip package.

FIG. 9 1s a block diagram 1llustrating the arrangement of 65

the memory chips that form the multi-chup package 1n the
first embodiment.

50

2

FIG. 10 1s a flow chart illustrating the method for assem-
bling the multi-chip package on the SSD of the first embodi-
ment.

FIG. 11 1s a flow chart illustrating the operation of the
SSD when the first connection example 1s adopted.

FIG. 12 1s a flow chart illustrating the operation of the
SSD when the second connection example 1s adopted.

FIG. 13 1s a block diagram 1llustrating the constitution of
the memory chips that form the multi-chip package accord-
ing to a second embodiment.

FIG. 14 1s a flow chart 1llustrating the method for assem-
bling the multi-chip package on the SSD according to the
second embodiment.

DETAILED DESCRIPTION

Embodiments provide a multi-chip package and a
memory system associated therewith that can realize greater
flexibility for the memory system.

In general, a detailed description according to embodi-
ments will be explamned with reference to the included
figures. However, the present disclosure 1s not limited to
these embodiments. Here, as an example of the memory
chips, the memory chips that have NAND-type memory
cells will be explained. However, the object of application
for the present embodiment 1s not limited to the NAND-type
memory chips. In addition, in some embodiments, the mul-
tiple memory chips may not necessarily be laminated inside
the multi-chip package.

According to an embodiment of the present disclosure, a
multi-chip package includes a first group of memory chips
that includes a first memory chip and a second memory chip,
a second group of memory chips that includes at least one
memory chip, a first internal wiring system that couples the
first memory chip and the second memory chip to a first
terminal configured to receive a chip-enable signal, a second
internal wiring system that couples the at least one memory
chip to a second terminal configured to receive the chip-
enable signal. The first memory chip and the second memory
chip each include a chip address memory region configured
to store an address associated with the memory chip, and an
address rewrite module configured to rewrite the address
associated with the memory chip and stored in the chip
address memory region 1n response to an external operation.

First Embodiment

FIG. 1 1s a diagram 1llustrating an example of the multi-
chip package on the SSD according to a first embodiment of
the present disclosure. As shown 1n the figure, the SSD 100
1s connected to the personal computer or other host device
200 by a standard ATA (Advanced Technology Attachment,
SATA) or other communication interface, and 1t functions as
the external memory device of the host device 200. How-
ever, the communication interface connecting the SSD 100
and the host device 200 1s not limited to the SATA standard.
For example, one may also adopt an SAS (Senal Attached
SCSI), a PCle (PCI Express) or various other types of
communication interface standards.

The SSD 100 has a NAND memory 1, a transfer control-
ler 2 that executes data transfer between the host device 200
and the NAND memory 1, a RAM 3 as a volatile memory
for temporarily storing the transter data from the transfer
controller 2, and a power supply circuit 4. The data sent from
the host device 200 are stored in the RAM 3 under the
control of the transfer controller 2. Then, the data are read
from the RAM 3 and are written 1n the NAND memory 1.
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The power supply circuit 4 generates the internal power
supply to drive the transfer controller 2 and the NAND
memory 1, and the generated internal power 1s fed to the
transier controller 2 and the NAND memory 1.

The NAND memory 1 1s composed of several (4 in this
example) multi-chip packages 10 each having multiple (4 1n
this example) memory chips 11a to 11d. The multi-chip
packages 10 are connected to the transfer controller 2 by
connecting wires of different channels (Ch. 0 to Ch. 3). Here,
the multi-chup packages are controlled independently for
cach channel. Thus, the four multi-chip packages 10 are
connected to the transier controller 2 so that they can carry
out operations 1n parallel at the same time. Also, the con-
nection wiring of each channel contains the I/O signal line,
the control signal line, and the R/B signal line. In the
following sections, the “signal line” may be abbreviated as
“signal”. The control signals include the chip-enable signal
(CE), the command-latch enable signal (CLE), the address-
latch enable signal (ALE), the write-enable signal (WE), the
read-enable signal (RE), the write-protect signal (WP), and
the data strobe signal (DQS). In the following section, the
connection relationship between the multi-chip package 10
and the transfer controller 2 1n the assembly example shown
in FIG. 1 will be taken as Connection Example 1.

The transter controller 2 also has the following parts: a
host intertace controller (host I/F controller) 21 that executes
control of the communication interface with the host device
200 and control of the data transfer between the host device
200 and the RAM 3, a RAM controller 22 that executes
control of read/write of the data for RAM 3, a NAND
controller 23 that executes control of data transfer between
the NAND memory 1 and the RAM 3, and an MPU 24 that
executes the overall control of the transier controller 2 on the
basis of the firmware.

On the basis of the read instruction/write instruction/
deletion instruction from the MPU 24, the NAND controller
23 sends the I/O signal and the control signal to the
multi-chip package 10 of the desired channel. The memory
chips 11a to 11d contained 1n the multi-chip package 10 of
the corresponding channel can execute the operation corre-
sponding to the contents of the received signal.

FIG. 2 1s a diagram illustrating another example of
assembling the multi-chip package 10 on the SSD 100 that
1s according to the first embodiment of the present disclo-
sure. According to the assembly example shown in FIG. 2,
cach multi-chip package 10 i1s connected to the transfer
controller 2 so that 1t 1s controlled by the wiring of 2
channels. That 1s, the four memory chips 11a to 11d of each
multi-chip package 10 are classified into 2 groups that are
cach controlled through a different channel. In the following,
the connection relationship between the multi-chip package
10 and the transfer controller 2 1n the assembly example
shown 1n FIG. 2 will be referred to as Connection Example
2.

According to the first embodiment of the present disclo-
sure, the mnternal wiring of the multi-chip package 10 and the
arrangement of the memory chips 11a to 11d are designed
appropriately to ensure that after manufacturing of the
multi-chip package 10, any of the connection relationships
in Connection Example 1 and Connection Example 2 may
be adopted.

FIG. 3 1s a diagram 1llustrating the internal wiring of the
multi-chip package 10 before assembly on the SSD 100. As
shown 1n the figure, the memory chips 11a to 11d each have
two chip address-setting pins 130a, 130b. The chip address-
setting pins 130a, 130b each are connected to eirther the
power supply potential Vcc or the ground potential Vdd. The
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supply and ground potentials are connected to the chip
address-setting pins 130a, 130b that are included i the
memory chips 11a to 11d appropnately to ensure that a
unique combination 1s made 1n each multi-chip package 10.
The combination of the potentials set at the chip address-
setting pins 130a, 130b works as the chip address of the
initial state for identifying the memory chips 11a to 11d with
respect to each other. In this embodiment, the state when the
power supply potential Vcc 1s connected 1s taken as H(1),
and the state when the ground potential Vdd 1s connected 1s
taken as L.(0). Thus, the state of the chip address-setting pin
130a indicates the high-order digits CADDO of the chip
address CADD, and the state of the chip address-setting pin
130b indicates the low-order digits CADDI1 of the chip
address. For example, in the memory chip 11a, both of the
chip address-setting pins 130a, 130b are connected to the
ground potential Vdd, and the chip address of 00 1s set a
the 1nitial state. Also, 1n the memory chips 11b to 11d, “017,
“10”, and “11” are set as the chip addresses of their initial
states, respectively.

In one embodiment, the memory chips 11a to 11d each
have a chip address register (chip address memory region)
123 for storing the set value of the chip address. The
memory chips 11a to 11d can each use the value stored in the
chip address register 123 included 1n their own memory chip
as the chip address set for their own memory chip. The chip
address register 123 stores the chip addresses CADDO,
CADD1 1nput from the chip address-setting pins 130a, 130b
as the chip addresses of the initial state. Furthermore, the
chip address register 123 can be configured to allow rewrite
of the stored chip address of the initial state by the pre-
scribed command (such as test command) from the transfer
controller 2.

Also, the I/O signal line, the R/B signal line, and the
control signal line (especially CE) are commonly connected
as part of the internal wiring 140 1n a multi-chip package to
separate sub-groups of the memory chips, where each sub-
group ol memory chips includes fewer memory chips that
the total number of the memory chips that form the multi-
chip package 10 inside the same multi-chip package 10. For
example, memory chip 11a and memory chip 11b are
commonly connected to each other by the various types of
signal lines by the internal wiring 140 and form one signal
line group, and memory chip 11¢ and memory chip 11d are
commonly connected by the various types of the signal lines
by the internal wiring 140 and form another signal line
group. The internal wiring 140 1s connected to the solder
balls (terminals) 56 arranged for the various portions of the
internal wiring 140, respectively. In other words, the internal
wiring 140 for each signal line group i1s connected to a
different solder ball (terminal) 56 and the internal wiring 140
tor other signal line groups. In addition, the signal line group
that makes common connections for memory chip 11a and
memory chip 11b 1s denoted as the 0-series signal line group,
and the CE line, R/B line, and I/O line that form the O-series
signal line group are represented by CEO, R/B0, and 1/O-0,
respectively. Similarly, the signal line group that commonly
connects memory chip 11c¢ and memory chip 11d 1s repre-
sented by the 1-series signal line group. The CE line, R/B
line, and I/O line that form the 1-series signal line group are
denoted as CE1, R/B1, and 1I/O-1, respectively.

In this way, the multi-chip package 10 has an arrangement
in which the various types of signal lines are commonly
connected for each group of the memory chips in a number
smaller than the number of the memory chips that form the
multi-chip package 10 mside the multi-chip package, and, at
the same time, the various memory chips 11a to 11d can be
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installed 1n a multi-chip package according to either Con-
nection Example 1 or Connection Example 2 without being
specifically manufactured for either connection example.

FIG. 4 1s a diagram 1illustrating an example of wiring
when the multi-chip package 10 1s assembled on the SSD
100 with the connection relationship according to Connec-
tion Example 1. When Connection Example 1 1s adopted, the
O-series signal line group and the 1-series signal line group
are combined 1n a single connection wiring 210 out of the
multi-chip package 10, and they are connected as a single-
chamber signal line group to the transier controller 2 (or
more accurately, NAND controller 23). That 1s, the CEO and
CEl are connected out of the multi-chip package 10, and
they are connected to the transfer controller 2. Similarly,
R/B0 and R/B1 are connected out of the multi-chip package
10, and they are connected to the transier controller 2, and
I/0-0 and I/O-1 are connected out of the multi-chip package
10, and they are connected to the transier controller 2. The
memory chips 11a to 11d do not execute rewrite of the
contents of the chip address registers 123 equipped 1n them.
That 1s, 1n operation, “007, 017, “10” and “11” are adopted
as the chip addresses of the 1nitial state of the memory chips
11a to 11d, respectively.

FIG. 5 1s a diagram illustrating an example of wiring
when the multi-chip package 10 1s assembled on the SSD
100 with the connection relationship 1n Connection Example
2. When Connection Example 2 1s adopted, the O-series
signal line group and the 1-series signal line group are
independently connected to the transter controller 2 (or more
accurately, NAND controller 23) because the signal line
groups with diflerent channels use separate portions of the
connection wiring 210. Then, after start up, the contents of
the chip address registers 123 disposed 1n the memory chips
11c and 11d are rewrnitten to the chip addresses that can
identily the memory chips 11c¢ and 11d that are connected to
the 1-series signal line group. That 1s, the chip address of
“00” 1s set as the chip address of memory chip 11c, and the
chuip address of “01” 1s set as the chip address of memory
chup 11d.

FIG. 6 1s a diagram 1llustrating the layout of 1 multi-chip
package 10. FIG. 7 1s a cross-sectional view illustrating the
multi-chip package 10 taken across II-1I as shown 1n FIG. 6.

On the substrate 51, the following parts are sequentially
laminated: a memory chip 11a, a spacer 53, a memory chip
11b, a spacer 53, a memory chip 1lc, a spacer 53, and a
memory chip 11d. As the bottom layer, the memory chip 11a
1s anchored to the substrate 51 by an underfill 54 made of a
resin.

On the substrate 51, multiple terminals (bonding pads) 52
are arranged. The pins disposed 1n the memory chips 11a to
11d are electrically connected to the terminals 52 on the
substrate 51 via the bonding wires 35. The multiple memory
chips 11a to 11d and the bonding wires 55 laminated onto the
substrate 51 are sealed off by the molding resin 57. Also,
solder balls 536 are arranged on the lower surface of the
substrate 31. The solder balls 36 are electrically connected
to the terminals 52. The NAND memory 1, for example, 1s
soldered and assembled together with the transfer controller
2 and the RAM 3 on a printed circuit board equipped in the
SSD 100. The various types of signals from the transfer
controller 2 are mput via the solder balls 56, the terminals
52, and the bonding wires 335 to the pins equipped 1n the
memory chips 11a to 11d.

In the above, the multi-chip package 10 has been
explained with a BGA (Ball Gnid Array) package structure.
However, 1t may also have a PGA (Pin Grid Array) package
structure or other package structure.
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FIG. 8 1s a diagram 1llustrating an example of a configu-
ration of the solder balls 56 of the multi-chip package 10. As
shown 1n the figure, on the substrate 51, solder balls 56 are
provided that constitute the O-series signal line group (R/EO
terminals) CEO, CLEO, ALEO, WEO, REO, WP0O, DQSO,
I/0-0, (I/0 0-0 to I/O 7-0), and solder balls 56 are provided
that constitute the 1-series signal line group (R/E1 terminals)
CEl, CLE1, ALE1l, WEI1, RE1, WP1, DQSI1, I/O-1, (I/0 0-1
to /O 7-1).

In this figure, the blank solder balls 56 indicate unused
solder balls 56.

In the following section, the composition of the memory
chips 11a to 11d will be explained in detail. The memory
chips 11a to 11d have the same composition so that in the
following only the composition of memory chip 11a will be
explained as a typical memory chip.

FIG. 9 1s a block diagram 1llustrating the composition of
memory chip 11a. As shown in the figure, memory chip 11a
has an I/O signal processor 111, a control signal processor
112, a chip controller 113, a command register 114, an
address register 115, a data register 116, a memory cell array
117, a column decoder 118, a sense amplifier 119, a row
decoder 120, an RY/BY (ready/busy) generator 121, a chip
address-setting circuit 122, and the chip address register
123.

Here, the chip controller 113 1s a state transition circuit
(also known as a so-called “state machine”) that transitions
the state (for example, “ready” or “busy’) on the basis of the
various types ol control signals received via the control
signal processor 112, and it controls the overall operation of
the memory chip 11a. The RY/BY generator 121 makes
transitions between the ready state (R) and the busy state (B)
for the state of the RY/BY signal line under the control of the
chip controller 113.

The I/O signal processor 111 1s a bufler circuit for
transcerving the 1/0 signal with the transfer controller 2 via
the I/O signal line. The 1/0 signal processor 111 distributes
the address, command, and data (1.e., write data) fetched as
the 1/0O signal to the address register 115, the command
register 114, and the data register 116 for storage, respec-
tively.

Because the I/0O signal line 1s an 8-bit signal line, the I/O
signal line can transier 8-digit addresses en bloc. In contrast,
at present the memory capacity of each memory chip 11a 1s
high enough that in many case the digit number of the
address sent from the transfer controller 2 1s over 8. Con-
sequently, 1in the I/O signal processor 111, the address of the
access destination 1s divided into multiple rounds for trans-
mission via the 8-bit I/O signal line. The address register 1135
stores the address that has been divided for sending in
multiple rounds, and 1t then combines them into a single
address.

The high-order 2 bits of the combined address are adopted
as the chip identification bits for identifying memory chip
11a. Thus, the combined address contains the following
contents counting from the highest order: a chip i1dentifica-
tion bit (chip address), a row address, and a column address.
The chip address 1s read by the chip controller 113, the row
address 1s read by the row decoder 120, and the column
address 1s read by the column decoder 118.

The memory cell array 117 has a composition such that
the NAND type memory cells are arranged as a matrix, and
it stores the write data from the host device 200.

The row decoder 120, the column decoder 118, and the
sense amplifier 119 execute access to the memory cell array
117 under the control of the chip controller 113. More
specifically, the row decoder 120 selects the word line
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corresponding to the read row address, and it activates the
selected word line. The column decoder 118 selects and
activates the bit line corresponding to the read column
address. The sense amplifier 119 applies a voltage on the bit
line selected by the column decoder 118, and 1t writes the
data stored i1n the data register 116 to the memory cell
transistor located at the cross point between the word line
selected by the row decoder 120 and the bit line selected by
the column decoder 118. Also, the sense amplifier 119 reads

the data stored 1n the memory cell transistor via the bit line,
and 1t stores the read data in the data register 116. The data
stored 1n the data register 116 1s sent via the data line to the
I/0 signal processor 111, and it 1s then transierred from the
I/0 signal processor 111 to the transier controller 2.

The control signal processor 112 receives input from
various types of control signals, and on the basis of the
received control signals, 1t executes allotment of the I/O
signal received by the I/0 signal processor 111 to the register
of the storage destination. In addition, the control signal
processor 112 transiers the received control signal to the
chip controller 113.

At start up, the chip address-setting circuit 122 sets the
2-bit chip address set values (CADDO, CADDI1) that are
externally input via the chip address-setting pins 130a, 130b
as the chip address of the initial state in the chip address
register 123. The chip controller 113 compares the chip
address stored 1n the chip address register 123 with the chip
address input from the command register 114 and deter-
mines whether its own memory chip 11a makes a request for
operation.

The 1I/0 signal processor 111, the control signal processor
112, the chip controller 113, the command register 114 and
the address register 115 operate as the address rewrite
module that rewrites the chip address stored in the chip
address register 123 by the operation under the control of the
transier controller 2.

In the following, the method for assembling the multi-
chip package 10 on the SSD 100 will be explained. FIG. 10
1s a tlow chart illustrating the method for assembling the
multi-chip package 10 on the SSD 100 1n the first embodi-
ment. Initially, the manufacturer makes a decision as to
whether Connection Example 1 or Connection Example 2
will be adopted (step S1). When Connection Example 2 1s
adopted (NO 1n step S1), the manufacturer connects the
transier controller 2 and the multi-chip package 10 to each
other by the signal line group (connection wiring 210) for
cach portion of the internal wiring 140. In other words, each
signal line group 1s mdependently coupled to the transfer
controller. (step S2). Next, the manufacturer sets the transfer
controller 2 by rewriting the contents of the chip address
register 123 when the transier controller 2 1s started up (step
S3). Here, the operation of the transfer controller 2 is set so
that the content of the chip address register 123 that 1s
rewritten at start up refers to operation, and the firmware that
controls the MPU 24 15 set so that the test command 1s 1ssued
to each of the memory chips 11c to 11d so that the chip
address of the memory chip 11c¢ 1s rewritten by “00” and the
chip address of the memory chip 11d 1s rewritten by “01”.
When Connection Example 1 1s adopted (YES 1n step S1),
the manufacturer connects the transfer controller 2 with the
multi-chip package 10 by the signal line group (connection
wiring 210) that has one end connected to the transier
controller 2 and has the other end commonly connected to
the solder ball 56 for each portion of the mnternal wiring 140
(step S4). With the operation 1n step S3 or step S4, the
assembly of the multi-chip package 10 comes to an end.
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FIG. 11 1s a flow chart illustrating the operation of the
SSD 100 when Connection Example 1 1s adopted. When the
SSD 100 1s started up; the chup address-setting circuit 122
has the contents set 1n the chip address-setting pins 130a,
130b stored in the chip address register 123 as the chip
address of the nitial state (step S11). Then, on the basis of
the firmware set 1n step S3, the transier controller 2 rewrites
the contents of the chip address register 123 with a chip
address that can be identified among the memory chips
commonly connected to the same portion of the internal
wiring 140 (step S12). For example, the transfer controller
2 1ssues the test command to rewrite the chip address of the
memory chip 11c by “00” and the test command to rewrite
the chip address of the memory chip 11d by “01”. Imme-
diately after start up, in the chip address register 123 of the
memory chips 11a to 11d, the chip address of the 1nitial state
that can 1dentily the memory ChlpS 11a to 11d 1s set, so that
the transier controller 2 can assign the 1ssuing destination of
the test command using the chip address of the 1mitial state.
In the memory chip 11c¢, as the test command 1s received, the
I/O signal processor 111, the control signal processor 112,
the chip controller 113, the command register 114, and the
address register 115 work together to rewrite the contents of
the chip address register 123 by “00”. Also, 1n the memory
chip 11d, as the test command 1s receirved, the 1I/O signal
processor 111, the control signal processor 112, the chip
controller 113, the command register 114, and the address
register 115 work together to rewrite the contents of the chip
address register 123 by “01”. Next, the transfer controller 2
uses the rewritten chip address and the CE signal to select
the memory chip of the access destination among the
memory chips 11a to 11d (step S13) and executes the data
transier between the selected memory chip and the host
device 200 (step S14). The operation then ends.

FIG. 12 1s a flow chart illustrating the operation of the
SSD 100 when Connection Example 2 1s adopted. When the
SSD 100 starts up, the chip address setting circuit 122 has
the contents set 1n the chip address-setting pins 130a, 130b
as the chip address of the initial state in the chip address
register 123 for each of memory chips 11a to 11d (step S21).
Next, the transfer controller 2 uses the chip address of the
initial state stored 1n the chip address register 123 and the CE
signal to select the memory chip of the access destination
among the memory chips 11a to 11d (step S22), and executes
the data transier between the selected memory chip and the
host device 200 (step S23). The operation then ends.

As explained above, according to the first embodiment of
the present disclosure, the multi-chip package 10 has one or
more memory chips 11a to 11d (the first group), portions of
an internal wiring 140 for each chip that are common
connections of the CE signal for a group of memory chips
(the second group) that includes one or more memory chips,
and one solder ball 56 for each of the portions of the internal
wiring 140 for feeding the external CE signal to the internal
wiring 140. Each of the memory chips 11a to 11d has a chip
address register 123 that operates as the chip address
memory region configured to store the rewritten chip
address. In addition, each of the memory chips 11a to 11d
includes an 1/0 signal processor 111, a control signal pro-
cessor 112, a chip controller 113, a command register 114,
and an address register 115 that together operate as the
address rewrite module for rewriting the chip address stored
in the chip address register by an external operation. Con-
sequently, the manufacturer of the SSD 100 can adopt the
desired connection relationships among the connections of
Connection Example 1 and Connection Example 2. Conse-
quently, the design of the SSD 100 can be highly flexible.
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For example, when Connection Example 1 1s adopted, the
transier controller 2 can use the chip address in the mnitial

state and the CE signal to assign the memory chip with the
access destination. Additionally, when Connection Example
2 1s adopted, the transfer controller 2 can rewrite the chip
address of the 1nitial state stored in the chip address register
123 to the chip address that can 1dentify the chip addresses
(that 1s, the memory chips 1n the second group) that are
commonly connected by the internal wiring 140. Further-
more, the transfer controller 2 can use the rewritten chip
address and the CE signal to assign the memory chip of the
access destination.

Each of the memory chips 11a to 11d also has a chip
address-setting circuit 122 that operates as the nitial value-
setting module configured to set the chip address at the
initial state, where the chip addresses allow 1dentification of
the memory chips 11a to 11d in the chip address memory
region belonging to the same memory chip at start up. With
such an arrangement, by using the chip address of the initial
state immediately after start up, the transfer controller 2 can
identily the memory chips 11a to 11d.

In addition, feeding units for providing the chip address in
the i1nitial state are not limited to the chip address-setting
pins 130a, 130b. For example, one may also adopt a scheme
in which the chip address of the initial state 1s preset 1n a
ROM {fuse or other nonvolatile memory, and the chip
address-setting circuit 122 reads the chip address of the
initial state from the nonvolatile memory and stores 1t 1n the
chup address register 123.

Second Embodiment

According to the second embodiment, the chip address of
the initial state 1s preset in a ROM fuse as rewritable
nonvolatile memory. The manufacturer can directly rewrite
the chip address 1n the nonvolatile memory when the multi-
chip package 10 1s assembled on the SSD 100.

FIG. 13 1s a diagram 1llustrating the composition of the
memory chips 11a to 11d that form the multi-chip package
10 according to the second embodiment. Because the
memory chips 11a to 11d have the same composition, only
the composition of the memory chip 11a will be explained
as a representative. The same reference numbers used above
in the first embodiment are adopted here, and they will not
be explained in detail again.

As shown 1n the figure, the memory chip 11a has an I/O
signal processor 111, a control signal processor 112, a chip
controller 113, a command register 114, an address register
115, a data register 116, a memory cell array 117, a column
decoder 118, a sense amplifier 119, a row decoder 120, and

an RY/BY generator 121. A portion of the memory cell array
117 15 used as the ROM fuse 124 that stores the chip address.

In the ROM fuse 124, the chip address of the nitial state
1s pre-stored. The 1/0 signal processor 111, the control signal
processor 112, the chip controller 113, the command register
114, and the address register 115 work together to work as
an address rewrite module that rewrites the chip address
stored 1n the ROM {fuse 124 under control of the transfer
controller 2.

FI1G. 14 1s a flow chart illustrating the method for assem-
bling the multi-chip package 10 on the SSD 100 in the
second embodiment. First, the manufacturer decides
whether Connection Example 1 will be adopted or Connec-
tion Example 2 will be adopted (step S31). When Connec-
tion Example 2 1s adopted (NO 1n step S31), the manufac-
turer uses a prescribed device to manipulate the chip address
rewrite region so that the contents of the ROM fuse 124 are
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rewritten such that it 1s possible to identily the memory chips
that are commonly connected to the same portion of the
internal wiring 140 (step S32). That 1s, the manufacturer
rewrites the chip address of the memory chip 11¢ with “00”,
and 1t rewrites the chip address of the memory chip 11d with
“01”. Next, the transier controller 2 and the multi-chip
package 10 are connected to each other by each signal line
group (connection wiring 210) for each portion of the
internal wiring 140 (step S33). When Connection Example
1 1s adopted (YES 1n step S31), the manufacturer has the
transier controller 2 and the multi-chip package 10 con-
nected to each other by the signal line group (connection
wiring 210) that has one end connected to the transier
controller 2 and has the other end commonly connected to
the solder ball 56 one for each portion of the internal wiring
140 (step S34). By the operation of step S33 or step S34,
assembly of the multi-chip package 10 1s completed.

In this way, according to the second embodiment, in 1ts
arrangement, the chip address of the 1nitial state 1s stored 1n
the ROM fuse as the rewritable nonvolatile memory, and the
contents of the ROM {fuse can be rewritten externally.
Consequently, the manufacturer of the SSD 100 can adopt
the desired connection relationships of either Connection
Example 1 or Connection Example 2. Consequently, it 1s
possible to have high flexibility 1n the design of the SSD
100.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied 1n a variety of other forms; furthermore, various
omissions, substitutions and changes i1n the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claiams and their equivalents are intended to cover such
forms or modifications as would fall within the scope and
spirit of the inventions.

What 1s claimed:

1. A memory system comprising:

a first memory chip in a multi-chip package;

a second memory chip ir the multi-chip package;

a first internal wiring within the multi-chip package and
that couples the first memory chip to a first terminal o
the multi-chip package through which a first chip-
enable signal 1s received; and

a second internal wiring within the multi-chip package
and that couples the second memory chip to a second
terminal on the multi-chip package through which a
second chip-enable signal 1s received,

wherein the first memory chip comprises a chip address
memory region configured to store an iritial address for
the first memory chip, an initial value-setting module
configured to set the initial addvess in the chip address
memory region, and a [write] rewrite module config-
ured to write [the] a different address from the initial
address 1nto the chip address memory region based on
an external operation addressed to the initial address.

[2. The memory system according to claim 1, wherein the
first memory chip includes an 1mitial value-setting module
configured to set the address associated with the memory
chip to an initial state.}

[3. The memory system according to claim 2, wherein the
first memory chip includes address-setting pins and the
initial value-setting module 1s configured to set the initial
state of the address based on voltages applied to the address-
setting pins.}
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[4. The memory system according to claim 3, wherein one
of the address-setting pins 1s configured to couple the
memory chip to a supply voltage and another of the address-
setting pins is configured to be coupled to a ground voltage.]
5. The memory system according to claim [2] /, wherein
the chip address memory region includes a nonvolatile
memory and the 1nitial value-setting module 1s configured to
set the initial [state of the] address based on a value stored
in the nonvolatile memory.
6. The memory system according to claim 1, wherein the
first terminal 1s configured to couple the first memory chip
to a transier controller.
7. The memory system according to claim 6, wherein the
first terminal and the second terminal are electrically
coupled to each other outside of the multi-chip package so
that the first memory chip and the secornd memory chip are
each configured to receive [the same] a common chip-enable
signal.
8. The memory system according to claim 6, wherein the
first terminal and the second terminal are independently
coupled to the transfer controller of the memory system so
that the first memory chip and the second memory chip each
receive separate chip-enable signals.
9. The memory system according to claim 1, wherein the
first internal wiring includes at least one of an 1nput/output
signal line, a control signal line, and a ready/busy signal line.
10. A memory system comprising:
a first memory in a multi-chip package and connected to
a first terminal of the multi-chip package through which
a chip-enable signal i1s recerved; and

a second memory in the multi-chip package and con-
nected to a second terminal of the multi-chip package
through which a chip-enable signal 1s received, the first
and second terminals being separate terminals of the
multi-chip package,

wherein chip identification information for the first

memory Iis set in a memory region of the first memory
at a start up, and the chip identification information for
the first memory 1s written [into a] in the memory
region of the first memory from an initial state to a
different state after the start up based on an external
operation addressed to the first memory using the chip
identification information of the initial state.

11. A memory system, comprising:

a controller mounted on a circuit board;

a memory package mounted on the circuit board and

including:
a first memory chip including a first non-volatile
memory cell array,
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a second memory chip including a second non-volatile
memory cell array, and

a plurality of external terminals including a first ter-
minal electrically connected to the first memory chip
by a first internal wiring, a second terminal electri-
cally connected to the first memory chip by a second
internal wiving, a third terminal electrically con-
nected to the second memory chip by a third internal
wiring, and a fourth tevminal electrically connected

to the second memory chip by a fourth internal
WIVIRgG,

a plurality of board-side terminals on the circuit board
and including a first board-side terminal connected to
the first terminal, a second board-side terminal con-
nected to the second terminal, a third board-side ter-
minal connected to the thivd terminal, and a fourth
board-side terminal connected to the fourth terminal;
and

a plurality of signal lines on the circuit board and
connecting the controller to the plurality of board-side
terminals, the plurality of signal lines including a first

signal line electrically connected to the first terminal,
a second signal line electrically connected to the sec-
ond terminal, a thivd signal line electrically connected
to the thivd terminal, a fourth signal line electrically
connected to the fourth tevminal, wherein
the controller is configured to output a command to at
least one of the first signal line and the thivd signal line
and assert a chip enable signal on the second signal
line and fourth signal line, the first memory chip being
configured to perform in accovdance with the command
if an address associated with the command matches
first address information established in the first
memory chip and the chip enable signal is asserted,
wherein
the first address information distinguishes the first
memory chip from the second memory chip, and
the first and thivd signal lines are electrically connected
to each other by a connection on the circuit board.
12. The memory system of claim 11, wherein the first,
second, thivd, and fourth internal wirings ave each a bond-
Ing wire.
13. The memory system of claim 11, wherein the memory
package is mounted on the circuit board by solder
14. The memory system of claim 11, wherein the first and
second memory chips are stacked on each other in the
memory package.
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