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Abstract

The density of Memory has been increased by great challenge for memory technology, so elements of memory become
smaller than before and the sensitivity to faults increases. As a result of these changes, memory testing becomes more
complex. The number of storage elements is increased per chip, and the cost of test becomes more remarkable as the cost
per transistor drops. Proposed design doesn't need to control from outside environment, because it integrates into memory.
The proposed scheme supports the various memory testing algorithms. Consequently, the proposed one is more efficient in
terms of test cost and test data to be applied Moreover, we proposed a reallocation algorithm for faulty memory parts. It
has an efficient reallocation scheme with row and column redundant memory. Previous reallocation information is obtained
from faulty memory every each tests. However proposed scheme avoids to this problem. because onetime test result from
reallocation information can save to flash memory. In this paper, a reallocation scheme has been increased efficiency
because of using flash memory.

Keywords : Embedded Memory, BIST, Programmable BIST, BISR
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Fig. 1. Embedded memory usage.
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Fig. 5 FSM of test controller module.
x1ge}, 7y 2ol B o] thrrt HY Ao o o
9 e s . . ol ) Save Logic in Reallocation Logic
}}E_ql’ EET——E s o"?‘_q’ ‘:}E‘ —T’—ool AT T—’—'g] 7}'1 Eﬂ/?]] WOHOIMOMMSIEOTIBME N N MB BT RIBNN DN U BBTBANHN | wrswan
2 Aol I Fae) Hol 1Y ¥ A Age} do o
TG A 14 A% wlaa 139 A%t Aol e
,
Bohd A AXE olRe] F Rz Auixstn ge e oy
A7t gobe dRe) o v Aux g o ‘ T
olumn Spare
B3 ol m7ge] LA Ao AFE Hlwatr] Mo i T
T Mg 94 AdST A AAE 09 @ 94K e
AAA g z«z}woq SHHoE oj¥e & Wm = o e o
o 3 “ﬂl\jﬂi Zﬂﬁﬂﬂﬁ}ﬂ ol 2A% 179 94X Fig. 6. Example of Reallocation Algorithm.
7 AAA He g9 A A4 e 184S qRe @
HEEE AMAE F$ g 2ge R 8 wras) AZA), 19 6& A¥HEA g AR Fo pF 2
oZe d WEe F X2 A o BE B o] BE AL TSI Y P9 FA 101008
AE HAEA A} &9 vy 10009 AuizFcl. Save Logic $toll
FRAE ZE Fao 1 o Aol 27 o]y Ao 2% ¢ ARV e FAA0DAA R HA
St A 4o HX 7 e Fad o8 AuHchd a3 Ao d(02)9 g & A e} e A A
7]

1 o A FHE W] A 2 Fao RE AE g vl s, F4(01101) €9 27ge] ¢ 9JA
2 A& @ dEeZ A= ook By 059} 06, 07, 219 9= 7P a17go] B -Zr_’z:(IOIOO)
o 4 X HAe 9 Aot wepr
2. Mujx| 2aelE of (11101 <] 3 =E2(0100)el w)=] gt
BIST= 27& #Rlste FA] Reallocation Logic 9% OEos —7[55\_(00010)-4 g ARANE M 1
¢ Save Logicoll 27 1 a9 178 ¢ 94X Hus ol B2 Ao & 2 I A9 AR} HA= Rl

(143)



74 WE M2 st Z208 Jts

Faulty Data Faulty Address
. [0
11101
00010
00011
06100
oo
01010

1101

Row | Column Flag Spare Memory Address
]

0010
i 1100
1100
T o0 | 0G000000_000G000C_G0000000_07000000
TH0 GO00E000 BTO00H00_ ODOCHE00 (1006060

T 0100 ] -
1060 1 b 1]

a8 7. Xuix| djolg
Fig. 7. Reallocation Datas.
aoA AF9 @ HEHZ Aujx & F
H?‘M g g A s IS B nF
lwq 0-34 2% o A ATt B
m 2.2](1000) FEo 2
(00010)4 Us 2t Ao 4
2ol @ &9 R (010002 A

1 66000600_01000000_00000000_01000000
00000000_01000000_00000000_01000600

{
!
[
l

—ad €] ] s | ] ]

2 95 000113} 011018 2 v A $
ojt}. 0992 o)A F2(00010)AN A of &
9 4 WEHR ARAHA7] e F2 000117
011019 09¥1E o ¥ 4 W= (10002 Aujx| 3ot

& 742010109 € g ¢ A X 11 8 4
of 17 3 A JNETt A7 49} o] ER R 3
o 22 (0010)2 A v ] 3+t

AR E dlo]8] HHEL Reallocation Logicll Al
I 7oA e}t 2ol AgHE) A" HF PR o
¢l Wz ge u% I HX|(Faulty Data)e} #l¢l wl &g

of %% ¥ FA(Faulty Address), %9 dZz]Z A

B %] & F2(Spare Memory Address), o &9 3 W
g EE oY ¢d dEz AuEad o3
Flag(Row/Column Flag) & 4719 ZE7} Aujx Br

2 Reallocation Logic. 258 &84t}

Row/Column Flag AR E ‘0o)¥ &2 3 wxg

2 AR = 2, ‘1'01”4 o d dReZ Aujxdch
AE-9) Hx 4~(Spare Memory Address)E o] &9
R 2 ] T Sle N F HE HESFE Ze
o g7 g vReZ YA EHE F$E 2y 3
iz HAE AuEr] gl 1 o YAE el
& davt glo Y2 BAIE, oE9 4 v A
FE 1% F AxY A AuAEY) g 1 ¢
Aol A TE 130 glv A9 JXe 0F vE
dot vpAleto g wiQl wRmale ug b Fao 94X

+ Faulty Addresso] %3 ?'{E}

oAF-] WEeEe] F4 4 04%91 2 ALE

Fa2 Uit 48 %01

tE gt oz = 28 EZ(Q0, 01, 10, 11) e

B XpH HAES

(144)

EdiA M2 E o0& At FF Jle

o AR Aldste FRAME H2 Ve d BE
B E2(1000, 0100, 0010, 0001) “ERATE ©]EA)
g o= TAl F B A7 2000, DXL
HAQ W o R ZﬂlEﬁl 291 AFo] HaspARt
e WAL F4AE OR I F 4HE(11000E 1
Ha €. 525& ALY vrg F2E A%
F HEFA dtHQ YL
A o &9

°l AgH ARG, Adste Fa AAE 44

5 A%E 98 + dn

91 AR e e WEed AgE g
o] #ojAAl HH A JEE T Fojopit
gt et ol v2es £33 guig v
A H2EE T3 AulA FRE /A2 dw A
EA4E ot vk & =&dMe AR HRE
HEEA vz EYA e AR o AF
2 AuA HE HGFHOR AHEY F gt

Q.
=
®
%

doot

i1
=

o=
KR
T

fr ¢

Lo}

HEA

L
=R r.iE

rE

ol

32 A

rir oy
ol

=
"o
r2

&

ufn

m o
N, R

o (i

°{N

_Q

'{_

3. MHhx| YEE 0|8 X7t 57 £

7t MR nEST £

B =Fo)| & Reallocation Logicg %3 24 ¢
29 A YR} F4E AR vRIYZ A T
T+ e AR JpEEd JE HF JRe a9 7
oA AFHRJYY 449 HEIt AA HEZ
Reallocation Logice.Z25E Zddd 38 AuxA

zgaé ol g3 AHERF I Fae) vlolHE AHS
A 3ol YE A A ALY F A delHE 1%
-?4'1& 4, 28 NJA g3, e WY o §
& QA ek

o] gle wd ARy E /‘}%ﬂ
737 82 BISRY AA 7xEot. 19 84dlM Ut

He HE 52 [ g F4 58ES} volH
PHER o]FoiA glon, ofs q R 9T

d Wr2gdE 44 4] & MEZ T FRE0|
BISTE &3 #<l mzee w3 & X 2% ¢
F2& Fault Detection 2129} 3] Reallocation Logic

TAaE

of BijA "t

Lt Mujx| 2&=7 5|2 289

Reallocation Logic® %3} zulx]
In-Out Replace Logic& 2] Wz 123
AT dolHE BAAY delHRE
sty 21 9= Data In-Out Logicd]
VebdT

EX|
=]

HE
-1 A}

oX

HFO.
=

s
iy

D:
Al
o
F2EE

%

L
T



2008 28 MxBEE =2A M 45 HSDEH A 22 75

Data 32 Column Spare Memory

Built — In Self Test

Addrass 5
L R

Embedded Memory

Kowsiy
iedg Moy

BISK Fall

spaj)\:  Mamory 4 Row £ Column Flag Data_Out Column Memory Column

32 8 4
Spare Row Spare Spare Spare
A

Faulty Address
Faulty Data 32 Address
Faulty Data

3z,

Data Out 32

Main Data In 32
Main Data Out 32

Main Address 5

12l 8. BIST2t Reallocation Logic, Data In-Out Replace Logic} MM FZ=T
Fig. 8. Block Diagram of BIST, Reallocation Logic, Data In-Out Replace Logic.

Spare Memory

Asouant.aseda. ang
i) i

Spare Memory Address
Address 4 Address Spare Column
Data_in
Main
Address g Spare Column
Data_Qut
Faulty Data 32
Row / Column Flag
Main Data In 32 Data In 32

Main Data Out 32 — DataQut 32

23 9. Data In-Out Logic #+=&
Fig. 9. Block Diagram of Data In-Out Logic.

(1) Fault Address Comparator (Row/Column Flag)3dtth 27 ¢ ulo|ei7t o 3

Fault Address Comparators= 1% & F49} Al&3} veglz e 2 A dole AAB2HE)ZL o
7} #Q wrdd HZ stua = uel vzl Kol g vraz Aux=Er] oFo Data Replace
HIE B3 T4 slFete vojy 1YY 7 # LogicE AA o&£2 3 W22 A=A} o &2
g3t wep dolg] o] gle F4#HW Data g vz 2RE e 2HdH.

In-Out Logic& AXA &3 # w2 3ot greb o¥e] @ wEYHE AAHT Reallocation
Logic®] 2% & 94X (Faulty Data)g o] &3} A&7t

(2) Data Replace Logic AgE doleizt Wl W 2 AA HZst
Data Replace LogicZ A¥j=] ©lo|Ej7} <] 3} = dlolg 9AE vote) WA HEY 2T HA

Hrg £ AR 4 WEE YuAHE A& TE of HZse delelE FEdY Spare Memory

(145)



76 Wg nz2ag

Address Reallocation LogicC & BUE &< 3sio)
(3) Spare Memory Address Reallocation Logic
Spare Memory Address Reallocation Logice o] &

o g HMEY g8 4 vRee FAE Ay

Data Replace Logicoll A 182 dlo]EE o9 4

m2ee Auizste Hes o

Ct. 22 o 22[(Spare Memory) 27|, 27| £

AZINE A7 i 3 MR 27 $23 o
9 4 HEYY 7] FHE dE B AuEE
3o},

(1) AZ29 & m=zel »7 5%

Wl wEgle] 5HE F4 ‘11101°¢] 326 E dH|o|F
FF0O00000h'S 23 o}, ool Wxge F4 11101
< AR YRHZ WA HAEA Fault Address

Comparatoro| A ¥]a &<13ht},
A g FAYS F918A HE Fault Address
Comparator2%-8 hit A&7} #A43t Ho| Data

Replace Logic.E Y=H¥ )t 1 o, Reallocation Logic
02 R2H Row/Column Flag A& ‘0'& Data Replace
Logico.2 4# =31, Spare Memory Address 3t ‘0100’
o] Spare Memory Address Reallocation LogicZ 93
"t Row/Column Flag A& ‘03 Spare Memory
Address Reallocation Logicel ¥&€ #t ‘0100°¢] wa)
A o] 3 Rl 01000 YXol dEH dolE g%
‘FF000000h o] AAd ),

2 oo E m=Ze 97| =

el w2l 5HE F4 ‘00011 Hlo|EE 2o
At del WEele) i 0IIe 4% HEdz
A2 = A=A Fault Address Comparatoro]| Al H]:
gt

AR E FAYS FAstA =W Fault Address
Comparator25-8] hit AZ7} @43t Ho] Data
Replace Logic2.2 ¢1¥€rc} 2 ), Reallocation Logic
2 2Z5E Row/Column Flag A% ‘I'#} Faulty Data’}
Data Replace Logice=2 ¥ %1, Spare Memory
Address gt ‘1100°°] Spare Memory Address
Reallocation LogicZ ¥ #t} Row/Column Flag Al
T Tojd, 929 4 WE=Z Aujx o)z Aol

Reallocation LogicollA] ek ojR o] 4 wxe

Y8 Z2 7Y 5B A HAES BHA KRS 0|83 A7t BT Mg

(146)

g8l 9

o] F4 1100 ‘10007 010022 vhech oj&e 4
yzg F4& 10008 01009 & 1" 0L Spare
Memory Address Reallocation Logicell 948 #teg 4
= 2 el =l wREe F4 00011 HPEE
tol8 2 Data Replace Logicol ¥#E3t}h Data
Replace Logicol e 4E® 33 o A9 X (Faulty
Data:00000000010000000000000001000000) 3t EU=2
gt A 9x) 7HI 23l HlolE e 0 T2
A%t HF dolH £z WEWh

v. 48 du

z2H Jist W XA BAE Jig A5
=oA Ak Wd A HAE AA o
VerilogHDLE 7]&3dte] F@3ith 7@
XilinxA}e] Xilinx FoundationolA] A &3}&
AHE3tY RTL d54 s _

a9 108 A=z W AA "AEsF A4 HE
golA FRetAA BAse 3 dFolth 1¥ 10
9] (1), (), (3= &7 Clock, BistEnable, Reset 413 0]
t}. BistEnable A&7} 1'0] =W BIST F%e] AlZ€
o AE e WF AA H2EZL Exes gEe Al
Zojth B)' HZEJ AHEE dugEs AAHdFE

1

r 2 o

QRO A QdE= NFolt} (6 WL HolH
& AEdld & M2 WF ZAA HAE 72 U9

P
BEE F4

A shte] WasteE golHE HXEZ} £
Ui 2o g o W s HojEE AEA Hx
EE AFE (e @4 H2E 3 Ax2gy 2
E Yehdth AE@®), 92 HEee] 2k dolg g3t
R ZRE glo] Eole dHoly g I AT
(10), (11), (12)& g HAE Algdrh 84 H2E
T Fhe Ao o] EANF HE, nFo] LA
Atk FD A% (10l ‘1S A7kstar, n7e] 2y
Ao} F4& QD¢ 1go] LA HolHE ¥ (122
A7t A% (13), (14), (15), (16)E HAEE Ao
© sz 7 &M tgH 2o

HEE QI7F A (D7) EoloA 549 Addd ¢4n
gF (5o Wt March Element Code (13)$} March
Elementg® Adstete A3 (155 24 Ath old
e HAE Ao REL 319 March Elementd] m&
e71/2:7] FAE e Fahe F5HA Ha s
Fao gig o] BUd ¢r)/27] & ENSS

g AT (16 0L A7k NE (167 02



2008 28 HxISE3

==X M 45 HASDHEAM2E 77

Folbegic Sirouliator S Milink Foundatios £3 4 [pmiﬂgt} o W tonn VE s M e "o c{iwg@l’ptg?ec?iﬂ#;}ﬂ\h@ tWaoo ¥

el esf BIST

: 43
Abind (ts}@ LL:EY

BiAL Selsct? . . .

BlBG_CNT2 (hmw) () |0

BiNext Addiess? . (hex)(ﬁ‘;’) (FE

E I nlData3l . . . (hex)#(a) dsgenialsgele]
BIOurDatea 3L . (hax)#{g) COOCQaco
oED . L L («;o}
BiFault Addre&s7 (he{’i)‘ {ys]

EY

Faulty _data3l. (hex(12) 00000000
Bind 13} 10001

. {we)
(bexh?) 1
{4 ™

a8 10, YASE oze| HAE 2 oy

=0T |

Fig. 10. Simulated waveform of normal memory test.

2 Logie Wimsulator xilink Foundation 3. 1 Ioambist f1 - (Wavelarm Viewer 0 c“Wwilirﬁ“}“ﬁ#af“ve"ﬁ‘nrujects*qmb’ 3.?‘\’@‘91:%

a ¥ L
i |Reser . . L L e 3y

End_of_ BIST. . CoL K a)
BlAL Select2. . . (dni{s}w ool
BiRG_CHT2. . .. . . Chesse s (95} 0
Bk Lo Address?  (heo)#7) EFE
Bl InDatast . | . {hew ) H{8) aOonoDon
BliOatData3l . . . . (heo ) &0} ououoauo
1 oS {30} .
BiFsult. Address? . {he(l ¥ 00
BlEaulty _detadl . (hex 12)2 UOO00000
1=2 {rin {13) (el =iy ]
A
1=
g
2
=
=

O8 11, 1% o228 5AE Zo oy
Fig. 11, Simulated waveform of faulted memory test.

E "ol A HH F4 A
Element2] oAl W=

oq gg F4& NE 3z (17,
(18), (19), (20, (21) F= A

o
39 dZee Row F
T4HE 8933t 4135, Write Enable, Out Enable 413
olty. 7t AFE o ]513] Ao} N39] FF Ao 2A
Ay H

¥ 108 H2AE ARF 205usE B HAE Ao

EEA BE F490M ol" March element®] $3<
PFA 3L End MM 2% (148 B4 I4d gu8E A
4 EEBNME End MM AE  (14HF A
Start_ ME A% (15)°] A7ketel =& March
element code (10010)& &v|gtt} ohg A&l 9] March
element’t EHIEH MM_code (13)°] sid =& &
F & &, oAl Start ME AE (150 ‘1'& st

[o(:

N Z& March element’} #HH &S 4dd HAE
Aol REGAE Start ME A3 (15)7F A7bsd

End MM A3 (14HE 022 U 3 Q2 we
MM _code (13)°l] w} BI2EE 433},

39 118 23] EAshe WEge tigd HiE
3 et Y wWEHdE F& 49 167
Booooooeh' 2 LA HE age] EAFTE 19 7

Mo © x> 4y ko



78 Ua HZaE /st ZRIY It XMy HAES ZoiA HIEE 0|8F A7t 57 7|8 EQ7 2
53, Row 24 (18), Column 4019 7} &5 2719 AZ4) & ‘Te] 9

i1, Out Enable A% )7} ‘022 "WolHS o), s Reallocation Logic® 3] A7t EUA &4 1
T2 Wng e ¢lo 2 vrg F4& 4o n| A F2 99 13 I A 10), 9EY 2z A

o] oohooohbh’ 1A 1S el FgenE A F4 1D, A9 ¥ HRgR AIHAEA A
‘00000000h" & glojoF 3tAI’E, 17 gt ‘5H5E555hE ¢ ol 4 vz ApAFHA=Ad B 75 VS (12)

of oA =i, wigo] LSS ¢A Ak 1938} £ 2934 89 1% 1% 2% 2, 3% 32 19 5l
o] H2E Ao REAE 13 L4 Az 10)d ‘T Ao} zro] ool & WEYE F F(Row Spare #1,
S A7VEta, ;o] wAlE 2o FA (11)¢F HolE Row Spare #2), %2 ¢ Hw=gZ 3 Z(Column
Fe AE (129 bRtk am 2ol BAFEE  Spare #41) AHAE A& AL F ot “}"4 o2
08 ¢ o H2EE 3 & "oyt glerg o) wigg Fe] B3 QA B Bte
End_of BIST 413 (4)& ¥4I BE HAEE F BISRFail A3 (57} T2 &A% o
oatA "o Xilinx Foundation 3.1i & AF&3e] A|¢tete w2z
HAE F2E FHEstY Bt H2E & HEZg

2. ZYANE o|83t IX HzE B I HZS 715 1KByte, 16KByte, 256KByte2 A3z, 7 v
2 Wrg 23 A& g AL % 8u]r:-9} RYE 32bit H=E 7 28, 212, 216 2719 F4E
HolE RHEES zie= W WE k) ¥k 2+ WE2e Z7ld g HAE 329 oW
670, o9 4 wEa 104E z2te o7 ]ELE}%— EE a9 1394 H&E AT
A&t
BISTS €3 dl<l vlxe] n3 1(F4:A8h, 13 9]

23 =

—

|

Z:0000002Bh)7 1A 2FAAAh 1% 4] \

2):00000001h), 2 3(324FF, 2% $)X:FFFFFF20h) e \

S MAEA Ha a2 2ol g AgEe Qe @ 3.50% !
1HEE T 29 129014 A 2] WEeZ Au) L 3.00%
A% 4 ES AuA AnE 2gs) 9n, S
a9 1204 F 12709 A&7 ok (DI QE 1.50%
247} Clock, Reset 2lZolty. BIST %3 AldE oo
BistEnable (3) 2137} ‘I'o] ®t}. BIST7} E2dt o oo

13e XA H3d, FaultDection Al (6)E 3 ‘——”—

Reallocation Logicol ‘1'& <¢17}stt}. FaultDection A& a2 13 Hekstle oz HAES ofiZ2] I27|YH 2
©F QM F W ARy 23 ¢ F2 (D 9 =

% (8)2 ¥ Reallocation Logicol Xtk BIST 5% Fig. 13 OverheadSiZof proposed memory test for each
o] €19 BistEnable A% (3)7} ‘0'0] HWA BistEnd remoy s

%\}:mt}inable
istEnd ... R I
iBISf?Fa:Ll ,,,,,,,, TR T o O T T T
;FauItDehecucm ,,,,,,, BT Q] o e | St K i 3 S A S e £ A S 2 2 P A 258 b S A £ R SR

>§<rrom FaultyData3l, (hex)fi [FEFEFF20
{89P0_Faultyhddress? (hex)#d [A8 :
0 90_FaultsDstadl . (hex)#33 10000000 utee ; ~ e
A 2000000001 =

a2l 12, AMufx| slzof A3 uhy
Fig. 12 Simulated waveform of Reallocation Logic.

(148)



20084 2@ HXE%3 =FX X 456 H SDE A 2 F

i

E 3. Xlinx2 &8st Zo 2t
Table 3. Result of implementation from Xilinx,

G E tmin(nS) fmax(MHz)
MATS+ 97 103
March X 87 114
March C- 95 105
March A 10.2 98
March B 118 34
Zero One 9.3 101

7]1& PMBIST 174 57

A o+sl= PMBIST 11.955 83647

39 13§ 2E WEL Y 277} 1KByte?l WEHE
HAESE WRe HAE 329 oWos 449%0]
i, 16KByte WEE HAES = 29 eWdcs
0.30%, 256KByte #Rz)e] AL 005%9 SHI=E
7t HEE e 430 AR wE Wy Frhgel
3 dEgg HiEste 329 A7) F/HEREG
T 3A S st &, WEe b9 v A7]¢
A9 wdsA FbetgA g Agtete HAE J2E
Med $E9 218 FA%E A & 5 Ao

¥ 32 Xilinx Foundationg |43l 78 9 €
oj7 Areltt B9 6749 FuFL 7|E EAde
hte] dugFEuhe A Ydte HAE FFola THA
dngFE 71E T2 /bed due g A4 H
2 Fzon 173 wixue Ashs T2y
7Ved Wizel W 2 HAE T2 A grolt

Aot w2 HAEE 7|E9 Zeady 53
W A4 B2eE®ng o e ¢ngEe Addnh
323l Read Destructive Coupling fault, Write
Disturb Fault, Transition Coupling Fault, Incorrect
Read fault & 2& 7P% H2o 2434 24 HE
o] 7}53, e MATS+ ¢85S o]&3d SF
e AEIAE, M WME £X2 H2E & £ Qo
£33 ¥ 33 o] AslE HAE H2E 7|&9 g
E ¥t o B& 33& AEHAY, 1 A St
238 & o EAE A& & & ok AYst

£ 2aEF0) Bl we i Bze 2717 37

%

shgAw, 329 WY 37h owslsE 1Y 1394
B et o] Ww 29 Al wse] o 3
& Ae &+ Uk

V.4 &

W mxe 7le e be g2 AL HEe

(149)

79

7t WASA H9t ool et s ol
oA t3 BlAES AAT H]E A7k
2 29 gabq B =RdAE de ems=g
A3 wE S5 Saen, s dugse A4
ste zzad e vwe Wy A HAES A
Sk,
Agrls 2209 bed dRe W A HaE
dzed 4 Hol HAEE Asnz, 9% g
a7 Aok Qo) HAE A5, o Al o
A Qetel AT WRAS) wel Thorg
A7 W7 Qo] A4E & A =
A4 At Zead Asd W AA H
72 W3 A g2EWg vmate] A 7}

L dmEEe) A5t o BT, o WE 22 571
] 7Fsso.
3, Agshe HAE Pz AZd 9 2%o)
s BlolE9h F4 ke ALESt o] BT )
% dReS AgSHE ALRAE B WEgE of
3 2go] Q& WF =AY A4E F AEE 2
A g v e g vmz A s
Qth AR 7He ARe] WS 54RO O
7) 98 A3t 92 re SneRe At

Pz Az AuA s wrgore mAto] BAF 5
Ue] Ag ¥HEa Qe B w3 A5 99 1%
M42 vj@s) mAo] WA Ael 57t Be E o
2o 3 3 o WEe] ANAS ok woF 4 2
o) we Aol 9x g 7A ¥ o] HAA Hd o2
o] 3 WEZ YRS FL(BL 71F02 P W),
olde] Az A7} HYew e & WEez A
WAE s e Agag

71zl AuA ArE HLA v A g
o] Mol FoIXA HA Aujx HRE thA] dojopg
st Aol #oA ¥ 14 ¢ HlRAE A4 o
= oo HEe M HAES T8 AuE AR g}
A3 WEe] A BYe Fasjopet s

B m=RdAE YN W2 AHgs A AR
2 wFey R SHA dmelel AR ol
AZE AR ARE o4 Ado] FAE 1 @
WEeE AT el o) W AH HEES F
Batx 2n AR JRE SHA AP 2RY 9
st 1% o HEele] 2 NS sebs) A 2
% gich A AWH YuAZH TEE Ao
BISR 3l2¢] 4&AAe A% vwag nad ta 3

R
B

BUIR Y

.
rlr e
d o

off >
oM

o]

HHoO
TE=



80

& BRI, g vEZ YA nEA wHE

99 £&2 37H A2 & AL Aol

AA

113

F

e

Ho

[1] A. J. van de Goor and A. Offerman, “Towards a
uniform notation for memory tests,” in Proc
European Design and Test Conf, pp. 420-427,
199%6. ~
V. G. Mikitjuk, V. N. Yarmolik and A. J. van de
Goor, “RAM testing algorithms for detecting
multiple linked faults” in Proc European
Design and Test Conf, pp. 435-439, 1996.

P. H Bardell and W. H. McAnney, “Built-in
test for RAMs,” IEEE Design & Test of
Computers, Vol. 5, No. 4, pp. 29-36, Aug 1988.
V. D. Agrawal, C. R. Kime and K. K Salyja,
“A tutorial on built-in self-test. I Principles,”
IEEE Design & Test of Computers, Vol. 10,
No. 1, pp. 73-82, Mar 1993.

V. D. Agrawal, C. R. Kime and K K Salyja,
“A tutorial on built-in self-test. 2. Principles,”
IEEE Design & Test of Computers, Vol. 10,
No. 2, pp. 69-77, Mar 1993.

S. Park, K. Lee, C. Im, N. Kwak, K. Kim and
Y. Choi, “Designing built-in self-test circuits for
embedded memories test,” in Proc AP-ASIC
2000, 2nd IEEE Asia Pacific Corf, pp. 315-318,
Aug 2000.

(2]

[3]

(4]

(5]

6]

[7] K Zarineh and S. J. Upadhyaya, “On
programmable memory  built-in  self test
architectures,” in  Proc. IEEE  Design,

Automation and Test in Europe Conf, pp.

708-713, Mar 1999.

Horiguchi M., Etoh J, Aoki M, Itoh K, and

Matsumoto T., “A flexible redundancy technique

for high-density DRAMSs,” IEEE Journal of

Solid-State Circuits, vol. 26, pp. 12-17, January

1991. '

Ilyoung Kim, Zorian Y., Komoriya G., Pham H,

Higgins F.P., and Lewandowski J.L., “Built in self

repair for embedded high density SRAM,”

Proceedings of International Test Conference, pp.

1112-1119, 18-23 October 1998.

[10] Heon Cheol Kim, Dong Soon Yi, Jin Young Park,
and Chang Hyun Cho, “A BISR (built-in
self-repair) circuit for embedded memory with
multiple redundancies,” International Conference
on VLSI and CAD, pp. 602-605, 26-27 October
1999.

[111 Sy Yen Kuo, and Fuchs WK, “Efficient Spare

(8]

(9]

HE M2 g I8 220 7158 XA BHAESY EQYA HEYE 0|88 XJt BF 7|

(150)

87| 9

Allocation in Reconfigurable Arrays” Conference
on Design Automation, pp. 385-390, 29-2 June
1986.

[12] Chin Long Wey, and Lombardi F., “On the Repair
of Redundant RAM's,” IEEE Transactions on
Computer-Aided Design o Integrated Circuits
and Systems, vol. 6, pp. 222-231, March 1987.

[13] Wei Kang Huang, Yi Nan Shen, and Lombardi F.,
“New approaches for the repairs of memories with
redundancy by row/column deletion for vield
enhancement,” IEEE Transactions on Computer-
Aided Design of Integrated Circuits and Systems,
vol. 9, pp. 323-328, March 1990.

[14]V. Schober, S. Paul, and O. Picot, “Memory
Built-In Self-Repair using redundant words”,

Proceedings of International Test
Conference, 2001.
[15]R. Dean Adams, “High Performance

Memory Testing: Design Principles, Fault
Modeling and Self-Test”, Kluwer Academic
Publishers, 2003.

[16] S. Hamdioui, G. Gaydadjiev and A. ]J. van de
Goor, “The state-of-art and future trends in
testing embedded memories,”  Memory
Technology, Design and Testing, 2004 Records
o the 2004 International Workshop, pp. 54-59,
Aug 2004.

[171 S. Hamdioui, A. J. van de Goor and M. Rodgers,
“March SS: A Test for All Static Simple RAM
Faults,” Memory Technology, Design and
Testing, 2002. (MTDT 2002). in Proc. The 2002
IEEE International Workshop, pp. 9-100, July
2002.

[18]P. C. Tsai, S. J. Wang and F. M. Chang,

. “FSM-Based Programmable Memory BIST with
Macro Command,” in Proc The 2005 IEEE
International Workshop on Memory Technology,
Design, and Testing, pp. 72-75, Aug 2005.



20081 28 MX3&E ==X M 45 A SD H

S PN
g Y 7l(Fxy3 4
2005 £ &3 74 Fe g
S} &4,
20073 st ek
741E1361-_L} H/\]_ cg
20073~ AN Y
AFE et wha} A,
diEob : WEY HaE VLSI 474 9 H
~E BFHTE ANGE Asg>

Al =
[ == R W—

20034

SIER LR

kA o & 3 74 e
Austy A 9.
SAmsE g3k
AFEH LT A 2.
~dA SAostn

uete 7 FE e

A} g,

s WlR2E HaE, VLSI A4 2 H

i=]
N
2E, ARHTE, QY= AzE>

| 2005

0073

(151)

A

M2z 81

Z M otz g

20073 A ER 7‘;}#5}{5}
AL E4.

20083 ~& A AW st
AFE G AL 33

<FHARE  AFHTE, ﬂﬂ

# "H2E VLSI 44 2 H2

PHT = A 2E>

2 EAHIY

19873 Mg &
AAF eI A Y.

1989 M E&ista &
AA-FerT AL £4.

1993\@ University of Texas at
Austin 4.

1991'd IBM Inc. Senior Member of Technical
Staff.

1993 Motorola Inc. Senior Member of
Technical Staff.

19948 ~ A4 Aty HAEE S 2w
<F A Eol : FAFEHFE, vEY HAE, VLSI
AA 2 H2AE, IS Aj2E>



