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considering Additional Faults during Bonding )

=12

) 7

AT A - B

( Joohwan Lee, Kihyun Park, and Sungho Kang )

2 o
Be WEA SARE] MR 3 AN 4 wWao) 98 e TSVE A 339 MR E Asn gk 334
WEe s KGD2 o FolAm, woF 37b el 4% 84 Fo wAThe, wEA Feslofol duk 3 ou A4S A
39 Wzels] $82 FAAI] A, 349 vmel o] vwel tolg EuHoE A3 thol v el Bas
R ERAAE B oM A% e 349 ARde £& 308 A8 4T #4437 ngo] WARE A48 @
Se tho] vy WS AA A A BA AF 2ol ARske vol Y el AgHL of £ 33 v
g Azeb) s Adeks ne delol A4 WAE ABHTh ARl Aske Ak tho] Y We] 334l %

2~ o

T AEE B &

R

ge] £&5 AA T AR

Abstract

Three-dimensional (3D) memories using through-silicon vias (TSVs) as vertical bus across memory layers are
implemented by many semiconductor companies. 3D memories are composed of known-good-dies (KGDs). If additional
faults are arisen during bonding, they should be repaired. In order to enhance the yield of 3D memories with inter-die
redundancies, a die-matching method is needed to effectively stack memory dies in a 3D memory. In this paper, a new
die-matching method is proposed for 3D memory yield enhancement with inter-die redundancies considering additional
faults arisen during bonding. Three boundary-limited conditions are used in the proposed die-matching method; they set
bounds to the search spaces for selecting memory dies to manufacture a 3D memory. Simulation results show that the
proposed die-matching method can greatly enhance the 3D memory yield.

Keywords : Yield enhancement, Die-matching method, 3D memory, Inter-die redundancy
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MATCH_DIES (¢ die) {
c_die = INVALID;
for dies within the boundary using (1) and (2) {
if (equation (3) is satisfied) {
select ¢_die which has the maximum sum of spares }
return c¢_die;

}
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Table 1. Comparison of yields for 3D memories between
the previous method[m and the proposed
method (6=0) with conventional redundancies or

with inter-die  redundancies (@) low fault
density), (b) high fault density.
(a) Low fault density
o St o] A T o A
v [11] A 3 [11] Ay
2R/2C 24.33% 2451 % 37.65% 41.36 %
2R/3C 2951 % 2977 % 4741 % 51.07 %
2R/AC 34.93 % 3513 % 4767% 6121 %
3R/2C 2957 % 2977 % 47.40 % 51.07 %
3R/3C 3493 % 35.13% 57.17% 61.22%
3R/AC 40.15% 4057 % 67.40 % 71.33%
4R/2C 34.97% 35.13% 4767% 61.21 %
4R/3C 4018 % 4057 % 67.39 % 71.33%
4R/AC 45.67% 4595 % 7725 % 81.03 %
(b) High fault density
High Ak ofu] A T oon] A
& [11] Ak [11] Ay
2R/2C 26.26 % 26.93 % 40.46 % 4627%
2R/3C 3275 % 3367 % 52.73 % 59.10 %
2R/AC 39.78 % 40.79 % 52.75% 7330 %
3R/2C 32.71% 3368 % 52.60 % 59.15%
3R/3C 39.80 % 4092 % 65.21 % 72.06 %
3R/AC 46.95 % 4836 % 7834 % 84.08 %
4R/2C 39.72% 4076 % 52.61 % 7333%
4R/3C 46.31% 4832 % 7830 % 84.05 %
4R/AC 54.73 % 56.39 % 83.83 % 92.27%
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Table 3. Comparison of vyields for 3D memories using
the proposed method with inter—die
redundancies  according to  existence  of
considering additional faults during bonding (5=1

~2) : (a) low fault density, (b) high fault density.
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(@) Low fault density

. F7t 24 Ul F7t 04 2]
wel g | ud 9% | we ge | a4 98
2R/2C 852 % 36.24 % 599 % 3163 %

2R/3C 11.72% 45.9 % 8.32% 41.36 %
2R/AC 1491 % 56.01 % 11.30 % 51.07 %
3R/2C 11.72 % 45.9% % 8.32% 41.36 %
3R/3C 1491 % 56.01 % 11.30 % 51.07 %
3R/AC 19.06 % 66.01 % 1551 % 61.20 %
4R/2C 1491 % 56.01 % 11.30 % 51.07 %
4R/3C 19.06 % 66.01 % 1551 % 61.20 %
4R/AC 24.18% 76.07 % 19.65% 71.30 %

(b) High fault density

F7t 24 Ul F7t 24 2]
wol 9% | vl 9 | wel 9ie | vd U

2R/2C 10.21 % 39.87 % 541% 3A37%
2R/3C 14.76 % 52.36 % 7.83% 4641 %
2R/AC 20.17 % 66.18 % 12711% 59.79 %
3R/2C 1461 % 52.39 % 757% 46.39 %
3R/3C 19.21 % 65.07 % 11.97% 5884 %
3R/AC 24.39% 7197 % 1712% 71.64 %
4R/2C 19.49 % 66.20 % 1255% 59.81 %
4R/3C 2444 % 77196 % 1715% 71.63 %
4R/AC 3325 % 83.13 % 2642 % 83.61 %




35
Ao
= =2

A= F Y W=y tho] 7hel| on

H =
il

2011 78 MASSe ==X M 48 H SDEH M 7 =2

S

14 9.06%9 9 1%, 8198%¢ =¥ nAS 7HAH,

gl the] & 0ollA 207] &

g

N~

gl
L
7I=

af] 4
Al A

==
T

=

p—.

ol A

i

3}

9

[

Rl

[e)

4 R

g gre] 3%
97k A5l vze vold] o

L

.

}

9]

of Wyt A

1(a), (b)ellA] LRk ofju]

7]

=

=

=
T

1}

ST
3t

L

i

34

5

7ol o

il LHERH AT

S

32

L
L

0

o

lf
ﬂ”

97kA ef o]

L

e wselE

=
T

el ol AL 71

w2l chold ta) ol ol
AolA 5ol

=

g

| M= o

)

3 32

9

=
A

s

[e)

1 v R o] el

16d
[
=

-

__A_”_

-based design methodologies for three-dimensional
integrated circuits,” Proceedings of the IEEE, vol.

97, no. 1, pp. 123-140, Jan. 2009.
[2] SS. Iyer, T. Kirihata, M.R. Wordeman, J. Barth,

[1] VF. Pavlidis and E.G. Friedman, “Interconnect

7} 1ol 1~27191

=
T

2(a), (h)°lA

EE 499 vxe tholo sy

ar

steiek.

H| &

=
=

“

)

ﬂ

ofp

B

—_
N
;ﬁl

Process—design
for three dimensional memory

integration,” in Proc. Symp. VLSI Tech, pp. 60-63,

Honolulu, HI, Jun. 2009.
[3] H. Sun, J. Liy, R.S. Anigundi, N. Zheng, J.-Q. Lu,

and R. Malik,
K. Rose, and T. Zhang, “3D DRAM design and
application to 3D multicore systems,” IEEE Design

Test Comput, vol. 26, no. 5, pp. 36-47, Sep. 2009.

[4] H-H.S. Lee and K. Chakrabarty, “Test challenges
for 3D integrated circuits,” /EEE Design Test

Comput., vol. 26, no. 5, pp. 26-35, Sep. 2009.

[5] E.J. Marinissen and Y. Zorian, “Testing 3D chips
containing through-silicon vias,” in Proc. Int. Test
Conf (ITC), pp. 1-11, Austin, TX, Nov. 2009.

R.H. Hannon,

considerations

R

2

=

A

L
e

!
i 32k

I3

7] vzl 7

A2k

Aol
o el m|
]_

o~
T

=

E==d
L

o}

ol 7]

jL

at7] o

1, 29] 29 Aol A
[¢}

7HA Z3A A
< g

ZF

Al A

al

0

4

o

~O

(362)



36 A HZE +8 STE A e SYUAM

[6] C.-T. Huang, C.-F. Wy, J.-F. Li, and C.-W. W,
“Built-in redundancy analysis for memory yield
improvement,” /EEE Trans. Relia, vol. 52, no. 4,
pp. 386-399, Dec. 2003.

[71 W. Jeong, I. Kang, K. Jin, and S. Kang, “A fast
built-in redundancy analysis for memories with
optimal repair rate using a line-based search tree,”
IEEE Trans. Very Large Scale Integr. Syst, vol.
17, no. 12, pp. 1665-1678, Dec. 2009.

[8] W. Jeong, J. Lee, T. Han, K. Lee, and S. Kang, “An
advanced BIRA for memories with an optimal
repair rate and fast analysis speed by using a
branch analyzer,” [EEE Trans. Comput.-Aided
Design Integrated Circuits Syst., vol. 29, no. 12, pp.
2014-2026, Dec. 2010.

9] A2, A%, ‘A FEEsES Ao v =5 3
AhA ez R E AF AA W At
3|2 AR =5A], A 478 SDH, A 1
<, pp. 30-36, 2010.

[10] L. Jiang, R. Ye, and Q. Xu, “Yield enhancement for
3D-stacked memory by redundancy sharing across
dies,” in Proc. Int Conf Comput.-Aided Design
(ICCAD), pp. 230-234, San Jose, CA, Nov. 2010.

[111C-W. Chou, Y.-J. Huang, and J-F. Lj
“Yield-enhancement techniques for 3D random
access memories,” in Proc. Int Symp. VLS
Design Automat. Test (VLSI-DAT), pp. 104-107,
Hsin Chu, Taiwan, Apr. 2010.

o & kA Y)

2003\ AA st A7) =;
&t} AL 2.

2005 AA st A7) =;
e MA E4.

2011 A AAsta 7]
Azpg- st wAl 274,

: SoC A4, BISR, A& 4>

4 7] (A3 9)

2007 AT A7) A
Tt A £,

2011 AA AA et 7] At
ot AUAbE S A,

Tl Eof BISR, BIST,

BIRA>

W PN

—|>1
N
]
021
mjo
k1
il
ro
o
o
=2
o
oz
i3
k=)
I
rit
o

4 M S(EAE9)

198611 A&t gtal Ao A=
33t AL 4.

1988 The University of Texas,
Austin 7] 2 HFH

Mo £ a8t AAL £9.

19921  The University of Texas, Austin & 7|
2 AFH 3 wAL £4.

19923 w] =+ Schlumberger Inc. 974.

19943  Motorola Inc. A4 A4,

2011 A AAMdsta A7) dapE e alge,

<F A EoF 1 SoC A A, SoC HAE>



