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MEMORY DEVI CES BACKGROUND OF THE I NVENTION 1. Field of the Invention: 5
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particularly, to a " N Mwmﬂmﬁﬂ]rcuit for use on a wafer formed with

mul tiple discrete semcon glor de- vices, such as DRAM (dynam ¢ random

access nenory) devices, £ perform a bﬁrn in operation on the
sem conductor devices so as to test the reliability thereof. 2. Description
of Related Art: 10 Burn-in is the operation of a new integrated circuit

(10 product for a specified tinme under accelerated agin it i
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operation is an essential step for testing the reliability of the IC

products. Most |C products, such asERRANY, DBVMIEESO t he burn-in operation
after they have been cut apart fromthe wafer and then packaged in
hol ders. One drawback to this 15 practice is that, in the event that any

failures are found in the addresses, including row or colum addresses, or
menory cells in the DRAM padkaGKGROUND OHJP&EKNVWHQM ation,

1. Field of the Invention:

5 This invention relates to semiconductor technologies, and more particularly, to a
method and circuit for use on a wafer formed with multiple discrete semiconductor de-
vices, such as DRAM (dynamic random access memory) devices, to perform a burn-in

operation on the semiconductor devices so as to test the reliability thereof.

2. Description of Related Art:

10 Burn-in is the operation of a new integrated circuit (IC) product for a specified
time under accelerated aging conditions prior to the shipment so as to sort out premature
failures. The burn-in operation is an essential step for testing the reliability of the IC
products. Most IC products, such as DRAMs, undergo the burn-in operation after they
have been cut apart from the wafer and then packaged in holders. One drawback to this

15  practice is that, in the event that any failures are found in the addresses, including row or
column addresses, or memory cells in the DRAM package during the burn-in operation,
the IC chip is not repairable since it is already sealed in the package. As a consequence,

the whole IC package may have to be discarded or sold at a significantly reduced price.



the IC chip is not repairable since it is already sealed in the package. As
a

a consequence, the whole |IC package nay have to be di scarde? gi{(ﬁﬁ{}g (ﬁt
significantly reduced price. 30 AUGUST 2005 2 A solution.to % ¢ a

probl em has been di scl osed and published in IEEE, |EDM 93-639 by Tohru
Furuyama et al. of Toshi ba Corporation of Japan. This paper teaches an

i nproved nethod for the burn-in operatien on the DRAM devices fornmed on a
waf er. This nethod, however, still has the follow ng drawbacks. First, for
each DRAM 5 devi éesolutian toutha-forgoing probéenimbas bgercdis¢lesadnandepiblishet i EEEE,
burn-in for the periphery cir- cuitry thereof should be separately

perfornmed ({EBM 939.6@%Zurd1ﬁthumyam & dpef Abitiba CorpordiRmeott paRaTkis papereach
DRAM devi ce-is inpossible). The overall burn-in is therefore quite

ti me- consunj n in -0 ri t Vs USI unber
of probes cgglf)ecs)kggq%ﬁgqvﬁg nf)egtg%& gr‘ﬁ%g&gﬁﬂgggﬁﬁgﬁgh?ﬁe pﬁ'éé‘l\a/adfeglr%%pgﬁg}ep i%Onal
work tinme may 10 be required if the nunper of praobes is insufficient.
Third, it r8d#fseshis methadobpwpyss. il bas theiflkowing draadacksa Fusty fpreaeth DM
the wafer for the burn-in operation, which causes each die to be take
addi ti onal deate,ebd homa-iaffot e mamery ceilsothdeof tind itheclurpon doethe lpesiphémysdir-
pads thereon. The die is therefore large in size. 15 SUMWARY OF THE

I NVENTI ON | tyik§ thbebeliyubd ®8 LPAsely BerfSHimddng. 0" £ 8t umre A BithiiR befatnoyi de
a circuit and “nmethod for burn-in Operation on a wafer of DRAM devi ces,

\é\'gi/fg ea![ Lon\ﬁ'&é?h g%orrggrgsr %{ﬁ%ﬁ: hﬁé@\@%ﬁ%?gﬁ %{1})&@1 rlé/). - <r3(E)I\J/iarta[lybucr)rfl-ir(la ?SCH‘Lere orl\e/I
quite time-consuming. Second, since the burn-in is carried out by using a number of
probes .to poke on the pads formed on each dié in the wafer, additional work time may

10  be required if the number of probes is insufficient. Third, it requires the proflision of a
number of test pads on each die in the wafer for the burn-in operation, which causes
each die to be take additional real estate of the wafer in order to incorporate these test

pads thereon. The die is therefore large in size.

15 SUMMARY OF THE INVENTION

It is therefore an objective of the present invention to provide a circuit and
method for burn-in operation on a wafer of DRAM devices, which allows the memory
cells and the periphery circuitry of each DRAM device to undergo the burn-in operation

at the same time so as to reduce the overall burn-in time.

20 It is another objective of the present invention to provide a circuit and method

for burn-in operation on a wafer of DRAM devices, which allows each die of DRAM



at the same tinme so as to reduce the overall burn-in tine. 20 It is another
obj ective of the present invention to provide a circuit and nethod for
burn-in operation on a wafer of DRAM devi ces, which allows e i M
30 AUGUST 2005 device to be small in size due to the 3 e|ini%g?H§P§§3%¢§35
pads that are conventionally provided on the die surface to facilitate the
burn-in operatjion. Lt is.stil.l anoth Ztr% jective of th resent invention
Lo provi de. a B2V 8 1P e ani etis 305 o TPl ertannas g S bep s

devi ces, which allows each DRAM 5 device to be repairable when failures
are found durfreijdedhen thadie susfasp & Bcilisefte thabyadeeperatdenwi t h t he f or egoi ng
and ot her objectives of the present invention, a newcircuit for burn-in
operation on a wafer of DRAM devices includes the followi ng constituent

el ements: (a) a test_ cifcuil Incorpora in each nmenory devi.ce; 10 (b
Firot pad, rormed e Sib Yptet BERARY B e plestF BpTRIM o PSR Al
generated burn-in enable signal to the test circuit in each nenory device;
and (c) a sedegtbod g bufpimerratipnoeiea srafer0fdDRAM Hevipesaadichy dlowssape ARAN an
external |y generated DC bias voltage to each nenory device. In accordance
with the Horegoicag Bgpairdtets whbh Eturssese dburddniripgebenirniinvperaiion, a 15 new
met hod for burn-in operation on a wafer of DRAM devices is provided. The
met hod of the invention for bumin operation includes the follow ng steps

of :
In accordance with the foregoing and other objectives of the present invention, a

new circuit for burn-in operation on a wafer of DRAM devices includes the following

constituent elements:

(a) a test circuit incorporated in each memory device,

10 (b) a first pad, formed in one of said scribe lines, for connecting an externally

generated burn-in enable signal to the test circuit in each memory device; and

(c) a second pad, formed in one of said scribe lines, for connecting an externally

generated DC bias voltage to each memory device.

In accordance with the foregoing and other objectives of the present invention, a

15 new method for burn-in operation on a wafer of DRAM devices is provided.

The method of the invention for bum-in operation includes the following steps

of:

(1) forming at least a first pad and a second pad in one of said scribe lines;



(1) formng at least a first pad and a second pad in one of said scribe
| ines; 30 AUGUST 2005 4 (2) connecting the first pad to the test circuit

in each die; (3) connecting the second pad to the bias input
die; (4) generating and transferring an externally generated%gﬂg)(?g%?%&rs

voltage via the second pad to the bias input end of each of the dice; 5 (5)
generating and transferring, an ext rnal4y generated burn-in enabl e signal
via the first pdd) ?Wﬁ%“&@g{%‘r%iﬂaglﬁ‘?fheitHStéHEWtB\‘ethé'edi ce, said burn-in
enabl e signal causing said test circuit to generate a burn-in oscillating
signal; (6) converting the burn-in oscillating signal into a plurality of

pul se trai ns whi are used f LRl ration,on the.periphery
circuitry of the(\(tj %%P%mﬁgvgggg%Pﬁg?ﬁtigwﬁﬁ%ﬁ @H&n%§28?3”¥glls; and (7)

transferring the burn-in enable signal to a colum sense anplifier and a
row decoder, which enables the colum sense anplifier and di sables the row

decoder, and furi4heéneenaly a8l @ddsfdriifg WarestidrdlgSgenbhtad DCt bigs KoMaRAdA @8BS €S
and disables all the colunm addresses, so as to performburn-in on the

menory cell %e@%d{%‘a tgﬁ@iﬁsﬁﬁg%ﬁrﬁ'oﬁ%ﬁcﬂ ththQ%icfeor egoing circuit, the test

circuit is use per n-in operatioh on the associated nenory
device in response to the burn-in enable signal. Its constituent elenents
i nclude oscillator nmeans for generating a burn-in oscillating signal in

responses to the (h)géherdtingnaial tansfediad an axidrmally ger&Bc@butRaCaReR figeahe
circuits for generating a plu-
the first pad to the test circuit in each of the dice, said burn-in enable signal causing said

test circuit to generate a burn-in oscillating signal;

(6) converting the burn-in oscillating signal into a plurality of pulse trains which
are used for burn-in operation on the periphery circuitry of the memory device other

10 than the memory cells; and

(7) transferring the burn-in enable signal to a column sense amplifier and a row
decoder, which enables the column sense amplifier and disables the row decoder, and
further enables all the word lines and all the row addresses and disables all the column

addresses, so as to perform burn-in on the memory cells of the memory device.

15 In the foregoing circuit, the test circuit is used to performs a burn-in operation on
the associated memory device in response to the burn-in enable signal. Its constituent
elements include oscillator means for generating a burn-in oscillating signal in response
to the burn-in enable signal; and a series of cascaded toggle circuits for generating a plu-
rality of pulse trains used for burn-in operation on the periphery circuitry of the DRAM

20  device other than its memory cells.



rality of pulse trains used for burn-in operation on the periphery
circuitry of the DRAM 20 device other than its nenory cells. 30 AUGUST

2005 5 The invention allows the total tine of the burn-in op { e
significantly reduced due to the concurrent burn-in operati g?l%ynd}g%ﬁ%m?he

menory cells and the periphery circuitry of the DRAM device. Al so, the
invention allows the I1C chip of the DRAM device to be repairable in the
event that fail uresg.are f.oun durf' ngo tlhe bur_n-is 5 operation, allowng the
manuf act ure of t he "DEARTST SUOWS e Bdl Unaf ol dhe Hurn-ip gReration (orheesighificantly
invention allows the IC chip to be considerably reduced in size due to the
el i m nati on &¥ducedsdupdeshe gongsrent bari-pn ioperatien omi bethathe mbinoty aelés andtikad
formed in the scribe lines 14 between the various |IC chips on the wafer.

BRI EF DESCRI Bdii Sir{OFi rRMNOINER: DR AVIEieivivee Alihe el MBI Gvd el ¢ sP&rsho0d
by reading the follow ng detailed description of the preferred

erhod TN . AN K18 e IR & e RS ABRIENAL  SE RGN

FIG 1 is a schematic diagram o evi ces on
circuit §f the invention is utilized to performa burn-in operation; 15

FIG 2 is®scRBFALYL PugrtaiicsHomiirguarPietic dPRaY! fabe neregeat-iéscaive o umtheg:
1; FIG 3 is a schematic diagram show ng detailed inside structure of a
test circuit mongchponansdniaHowache o€ chie tabe eohsiderblyi rduded wadies daé &
1;

elimination of test pads on the IC chip in the prior art which are instead formed in the

scribe lines 14 between the various IC chips on the wafer.

BRIEF DESCRIPTION OF DRAWINGS

10 The invention can be more fully understood by reading the following detailed
description of the preferred embodiments, with reference made to the accompanying

drawings, wherein:

FIG. 1 is a schematic diagram of a wafer of DRAM devices on which the circuit

of the invention is utilized to perform a burn-in operation;
15 FIG. 2 is schematic diagram showing an enlarged part of the wafer of FIG. 1;

FIG. 3 is a schematic diagram showing detailed inside structure of a test circuit

incorporated in each of the dice formed in the wafer of FIG. 1;

FIG. 4 is a waveform diagram showing the timing relationship between a burn-

in enable signal Bl and a burn-in oscillating signal Bl that are used for burn-in op-

20 eration on cach dic in the wafer ol I'1G. 1



FIG 4 is a waveform di agram show ng the timng relationship between a
burn- in enable signal 131,:.x, and a burn-in oscillating signal Bl,,s that
are used for burn-in 01)- 20 oration on each die in the vvaferjogfucglj 2065 30
AUGUST 2005 6 FIG 5 is a schematic diagramof a series of cascaded toggle
circuits devices used in the burn-in ciécuit of the invention to generate a
plurality of pulse trains used for burh-in operation; and FIG 6 is a
wavef or m di agram showi ng the tim ng between the pulse trains gen 5 erated

by the toggle Cirgyits§ s *Aoégﬂeﬁgt_ié:h@graﬁn o@%T?@rEEQfQ%f% e RREIRRED

EMBODI MENTS FIG 1 1s a schematic diragram of a waf devi ces on

which the circyi.t of the invention.is utilized to rforma burn-in

oper at i on. AUSESHR e burhien Giigtrof BF imgntieniafenraie 1 Pliality of Pue s Veed G
each of which a DRAM device is forned. Further, 10 a plurality of scribe

| i nes 14 ar ebfrimodelstomeant t he dice 12, which are to be used as reference
marks to cut the dice 12 apart. In accordance with the invention, a
plurality of pads 18 and routing wires 16 are formed in these scribe |lines

14. Since the scrj L nes 4 are typical. prpvi.sions on a wafer, these
pads 18 and routi hg‘% 1S Wgetgym i %/rgtsg‘% mgéﬁ‘f Pﬁ“‘?gegfftwégli g’teé’ugsﬁ YRS &ilce
12 where the DRAM devices are forned. 15 FIG 2 is schematic di agram

showi ng @h esikigddedhptogelestirculieshofein JG.BI G 1. As shown, all the dice 12
in the wafer are set into groups, each group being associated with

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

" FIG. 1 is a schematic diagram of a wafer of DRAM devices on which the circuit
of the invention is utilized to perform a burn-in operation. As shown, the ;Nafer is
formed with a plurality of dice 12 on each of which a DRAM device is formed. Further,

10 a plurality of scribe lines 14 are formed between the dice 12, which are to be used as
reference marks to cut the dice 12 apart. In accordance with the invention, a plurality of
pads 18 and routing wires 16 are formed in these scribe lines 14. Since the scribe lines
14 are typical provisions on a wafer, these pads 18 and routing wires 16 will not take

extra real estate on the dice 12 where the DRAM devices are formed.

15 FIG. 2 is schematic diagram showing an enlarged part of the wafer of FIG. 1. As
shown, all the dice 12 in the wafer are set into groups, each group being associated with
a first pad 18' and a second pad 18" formed in one scribe line 14. The first pad 18' is
used to connect an externally generated burn-in enable signal Bl to each of the dice 12
in this group, while the second pad 18" is used to connect an externally generated DC

20  bias voltage VCC,y; to each of the dice 12 in this group. Further, each of the dice 12 is



a first pad 18 and a second pad 18" formed in one scribe |ine 14. The
first pad 18 is wused to connect an externally generated burn-in enable

signal BIEN, to each of the dice 12 in this group, while th Og‘gﬁg@g}’i@
18" is used to connect an externally generated DC 20 bi as vo(l?t age g( r
to each of the dice 12 in this group. Further, each of the dice 12 is 30

AUGUST 2005 7 formed with a built-in test circuit 20 which is wired to the
first pad 18" to receive the burn:i eg_agl,e Si gnal BI.EN Pr. i g( to the
burn-in opefoEREdvith hBuidfrindest Lirgpi 2vrvbh‘é KB ds paredde the N dpd d8e i frcelg the or
burn-in and if they are properly connected to the DC bias voltage VCCEXT If
any di e 5 iburhdneshtl©sipealBigui ted for burn-in, a fuse (not shown) can be
used to isolate that die fromother dice in the group so that the burn-in
signals will not be applied thereto. To performa burn-in operation on the
dice 12 in each group, the burn-in enable signal BIENis set at a |

hi gh-vol t age | og]g'éorstloébé byFying PRSKAtGNa M E‘P? dd ays ghecked 9 pagt if fhgy arg suitgd ¢ he
test circuit 20 in each of the dice 12, and neanwhil e the DC bias voltage
VCCEXT i s 1for hemeinainddf they ater mnpérdy cavhevted ta the 3@ bondopiagk Y8 C gatfhamfdie he
dice 12. In response to the burn-in enable signal BIEN, the built-in test

circuit 20 jsoGRER BE uhfiftedif6LbIR-ih0R fiscO@Bt SRowDNAWbel dbel tGisotdte Whatl die

performburn-in operation on the periphery circuitry and the menory cells
Funct  on of FPR@ R Seedn iP5 IPE s i o Sahis K ao P FEIFR RS 71 G s

shows detailed inside structure of the test circuit 20. As shown, the test

To perform a burn-in operation on the dice 12 in each group, the burn-in enable

signal BIEN is set at a high-voltége logic state and then transferred via the first pad 18' to

the test circuit 20 in each of the dice 12, and meanwhile the DC bias voltage VCCpyy is

10  generated and transferred via the second pad 18" each of the dice 12. In response to the

burn-in enable signal Bl;,, the built-in test circuit 20 in each of the dice 12 (only one is

shown in FIG. 2) will perform burn-in operation on the periphery circuitry and the

memory cells of the DRAM device at the same time. Details of the inside structure and

function of the test circuit 20 are disclosed in the following.

15 FIG. 3 shows detailed ins_ide structure of the test circuit 20. As shown, the test
circuit 20 includes a ring oscillator 32, a buffer 34, and a plurality of address buffers 36.
The burn-in enable signal Bl triggers the ring oscillator 32 to generate a periodic pulse
train (hereinafter referred to as burn-in oscillating signal and denoted by BI) at a high
frequency, which is then transferred via the buffer 34 to each of the address buffers 36.
20  FIG. 4 shows the timing relationship between the burn-in enable signal Blg, and the

burn-in oscillating signal Blys. As shown, during the time the burn-in enable signal Bl



circuit 20 includes a ring oscillator 32, a buffer 34, and a plurality of
address buffers 36. The burn-in enable signal BIEN triggers the ring
oscillator 32 to generate a periodic pulse train (hereinaftegg AqfR$GET S6hst 0
as burn-in oscillating signal and denoted by Bloc) at a high fl\requency,
which is then transferred via the buffer 34 to each of the address buffers
36. 20 FIG 4 shows the tim'ng reI ation%hip betvveen the burn-in enable

1 e the. bur it DhpreaiaBs Wb SEle NP R 38RG 4e£P sRae i ppplcle
|l ogic state, the ring osmllato 2 w il liF gener |ngthe periodic pul se
train which §élr59éf§ma‘é”‘tché°‘l¥&°r?ﬁ 17, DYty ¢4t aﬂgg 18§t logl OS. The burn-in

oscillating signal Blos fromthe ring oscillator 32 is used for burn-in
operation on each address (or decoder) in the periphery circuitry of the

DRAM device in 5 %"{\%"ﬁ,uﬂ{ fii oﬁﬁla%ng%n%p?rogr%ogithe rn@ %E[l%}dl@ﬁ@%ﬁé{# £ blfh-in

signal BIOS is transferred via t t he address
buffers 36, and then us dto r f urn-in operati.on the
tdr esees s CBERHIREN ARt Aditss O ot Tt peratBE e R of BRTEAY feges
address buffers 36 output a plurality of colum addresses CA. Further, the

ri ng oscibl aeatlodie3Aschowout FUiG. 3, thieurahiin psotlatognsigusl &Ibgrsatrfmemedf\oa the
control of the row and columm ad- 10 dresses of the DRAM device on each

die. FIG 5 ibgffer $FREERAIE 1 Afabaffed 33ChhEHeR liscdas GREBEN M-8 6pdr&itid S
used in the test CII‘CUIt 20 to generate a plurality of pulse trains that

are used for bur o t| on on the he it t he
devi ce ot her °FIAR o?éh AP cs1at8cri] wela}:ﬂlege Sddtess bu(l\’fé 5 %or example, these

address buffers 36 output a plurality of column addresses CA. Further, the ring oscilla-
tor 32 can output a plurality of control signals C¢/ for control of the row and column ad-

10  dresses of the DRAM device on each die.

FIG. 5 is a schematic diagram of a series of cascaded toggle circuits used in the
test circuit 20 to generate a plurality of pulse trains that are used for burn-in operation
on the periphery circuitry of the DRAM device other than its memory cells on each die.
The number of toggle circuits is dependent on the bit number of the DRAM device. As

15  shown, the cascaded circuit includes a first toggle circuit 52, a second toggle circuit 54,
and a third toggle circuit 56. The burn-in oscillating signal Bl is input to the first tog-

gle circuit 52.

Referring also to FIG. 6, in response to the burn-in oscillating signal Blg, the
first toggle circuit 52 generates a first trigger signal 71 which is also a periodic pulse
20  wain. The first wigger signal T1 is then transferred to the second toggle circuit 54. In

response to 71, the second toggle circuit 54 generates a second trigger signal 72 whicl:



The nunber of toggle circuits is dependent on the bit nunber of the DRAM
device. As 15 shown, the cascaded circuit includes a first toggle circuit

52, a second toggle circuit 54, and a third toggle circuit ) -in
oscillating signal BIOSis input to the first tog- gle circu??Ag§§SSPE665

Referring also to FIG 6, in response to the burn-in oscillating signal
BICS, the first toggle circuit 52 genefates a first trigger signal T1
which is al so peri odi.c pul se 20 train. The first trigger signal Tl is

t hen transf e'ISFZEiﬁ’ % Periadie E‘@é‘bﬁﬂ“’t Hieea periqduwvhich4s twe times ghias 96 d 1t Fhaisecande
second toggle circuit 54 generates a second trigger signal T2 which 30
AUGUST 2005 ®iggerssigias d2as plemi toatisferedits ehd thiddrtopgleicirguia Sp el reshonak & TRStHeWo
times that of Tl. The second trigger signal 7-2 is then transferred to the

third toggl ethfr.tirtgg% £ cRbuit Bﬁ_gﬁﬁé&‘é?%eﬂﬁtr@ trzg%esrts al w&%%& 8%}?%)6%? rrlc?cﬂlctplu 6n

generates a thir rigger signal T3 which SO a perio se

havi ng a per&gghgﬂ%chﬁ%ﬁoégﬁ%%gg%iggﬁg%ﬁgiﬁ¥?ﬁ. 5 Taking a 3-bit DRAM

devi ce as exanpl e principle of the invention
only; typical DRAMs are 8-bit or 16-bit), since there are a total of 8
addresses, the burn-in operation can be perfornmed on the first address

Guring the Second Bors na po e e iR of eraRPic ORI AGE AOA AR s Prbbiniee
0 e e T S D A RS SR O A0 S, L Lol
TI; on the sixth address [010] during the sixth period P6 in Ti; on the
sevent h addrasgeesses, the burn-in operation can be performed on the first address [111] during the
first pe_riod Plin Z‘l; on the second address [011] during the secona period P2 in T'l; on
the third address [101] during the third period P3 in T1; on the fourth address [001]
10 during the fourth period P4 in T'1; on the fifth address [110] during the fifth period PS5 in
T1; on the sixth address [010] during the sixth period P6 in T1; on the seventh address
[100] during the seventh period P7 in T1; and on the eighth address [000] during the

eighth period P8 in T1. In this manner, all the addresses in the DRAM device can be

tested.

15 Referring back to FIG. 3, the burn-in enable signal Bl is also transferred to a
column sense amplifier 38 and a row decoder 40 which are constituent elements of the
DRAM device. In response to the burn-in enable signal Blgy, the column sense amplifier
38 is enabled, while the row decoder 40 is disabled. Moreover, all the word lines WL
are enabled, and all the column address¢s CA are disabled and all the row addresses RA

20  are enabled (being put into a high-voltage logic state). To perform burn-in operation on
the memory cells in cell array 42, the burn-in enable signal Bl is raised to a high-

voltage state (logic value 1), and the internal bias voltage of the memory cells is by-



[100] during the seventh period P7 in TlI; and on the eighth address [000]
during the eighth period P8 in Tl. In this manner, all the addresses in
the DRAM device can be tested. 15 Referring back to FIG 3, ?IA?I ’Q%
enable signal BIEN is also transferred to a colum sense anplifier and
a row decoder 40 which are constituent elements of the DRAMdevice. In
response to the burn-in enabl e signal BPEN, the col um senseeuarrplbfl er d38
i s enabl ed, j [ 1 r
lines W. ar éé\cgllt' w;]qyég(gl&?)ﬂféhlgégo fﬁt}}g ez%d¢ aé)yl)g\ aC}eé" |§)atgé gld%“all
t he row addresses are enabl ed (bei ng into a high-voltage |ogic
state). To p% 9‘6‘%5&1@% bigs wleea Vi Srexol? bead '1‘15614159 piag ghe Worddirngg| | array 42,
the burn-in enable signal BlI,;Nis raised to a high- voltage state (logic
value 1), and the internal bias voltage of the nmenory cells is byéBOgAUGUST
2005 10 passed ang,t v, pald

bi as vol tage V! c'Bﬁ r{g%h%l‘;ﬁ%rh%%? (%Ogseg{:/l})?{og}ggﬁ?/%ﬁ%h LAb(d A% “
bias the word nes nventi onal burn-in nethod, each word |ine |s
enabl ed duri i’l'b‘l s c‘H“‘bé%/‘?dﬁ to C%‘BP tthey burp-ip gpgration & s¥hpYVetddinens agaph! ivs
operation to each word I|ne is about 1 p.s 5 (mcrosecond). In practice,
however, & he(migraseéand).di pgrhgicenbiwvevey, thefdueaicin ofotve adalslagsof eehaotv aftr¢dzAS)
is only about 70% and as a result, the active period of each word line is

only about Osefection [RAKS IRy abdutt70% %ﬁﬁ"ﬁﬂtrésgﬂaihel%'ﬁ\ﬂe éé?lo'a"%)tflaﬁ)al Wordggdison
al M 16 DRAM the total tinme needed to conplete the burn-in operation is

about 48 hou&%y a-gout 0.7 ps. Therefore, if the conventional burn-in method is used on a 1Mx16

2 to

DRAM, the total time needed to complete the burn-in operation is about 48 hours. The
invention allows all the word lines to be enabled together at the same time. For a
10 DRAM having a total of 1,024 word lines, it requires a duration of only about
(48x60/1024)x0.7 = 2 min to complete the burn-in operation. Moreover, by the prior art,
the burn-in operation is performed after each die is cut apart from the wafer and sealed
in IC packages; therefore, when failures are found during the burn-in operation, the
whole IC package would be discarded. By the invention, however, the internal circuit of

15  thelC chip can be repaired when failures are found during the burn-in operation.

In conclusion, the invention is more advantageous than the prior art in three as-
pects. First, the invention allows the total time of the burn-in operation to be signifi-
cantly reduced due to the concurrent burn-in operation on both the memory cells and the
periphery circuitry of the DRAM device. Second, the invention allows the IC chip of the

20 DRAM device to be repairable in the event that failures are found during the burn-in
operation, allowing the manufacture of the DRAM to be more cost-effective. Third, the

invention allows the IC chip to be considerably reduced in size due to the elimination of



invention allows all the word lines to be enabled together at the sane
time. For a 10 DRAM having a total of 1,024 word lines, it requires a
duration of only about (48x60/1024)x0O.7 =2 mnto conplete36QQK§ﬂ§ 2663
operation. Moreover, by the prior art, the burn-in operation Is perforied
after each die is cut apart fromthe wafer and sealed in IC packages;
therefore, when failures are found durthg the burn-in operation, the whole
| C package woul d be discarded. By the invention, however, the interna
circuit of 15 the IC chip can be repaired when failures are found during
the burn-in operation. In conclusion, the invention is nore advantageous
than the pritest pads on the K7 ekipas theppresart pihigh aretimseddnipamed omthglscobg lingre14
total tinme of the burn-in operation to be signifi- cantly reduced due to

t he concur r esdiwéds the variQRGChiRoOthe baifér. t he nenmory cells and the

periphery circuitry of the DRAM devi ce. Second, the invention allows the IC
chip of the 20 DRAM device to be repairable in the event that failures are
found during the burn-in operation, allow ng the manufacture of the DRAM
to be nore cost - eftfecednviendon Tas riegent described, aning osxemiplansprefesred Cemhodgimentshe
consi derably reduced in size due to the elinination of 30 AUGUST 2005 11

test pads orHéWeverGt &holbel ihdefteodar thet thalstopddfahe afventiois tsard linfited®d thé)dishe
scribe lines 14 between the various IC chips on the wafer. The invention

Lo bo- unfer S1o6A TR LohE ST Yo RRE R R AN R VRN cws HRURNElop and T

5 cl osed enbodiments. On the contrary, it is intended to cover various
modi fi cat i orsdmyargarrangements. The scope of the claims, therefore, should be accorded the bro-

adest interpretation so as to encompass all such modifications and similar arrangements.



simlar arrangenents. The scope of the clains, therefore, should be
accorded the bro- adest interpretation so as to enconpass all such

nodi fications and sim |l ar arrangenents. 30 AUGUST 2005 12 CLAI AMSGWKA1200S
claimed is: 1. Aburn-in circuit provided on a wafer forned with a
plurality of dice on each of which a nemary device conposed of nenory
cells and a periphery circuitry, is formed and which are 5 separated by a
plurality of scribe lines, said buminQLAIMS t being used for bumin
operation on each nenory device on the wafer, said bumin circuit
conprising: a test circuit incorporated in each nenory device; a first pad,
formed in one of said scribe lines, for connecting an externally generated
bum i n enablasik gRBhedi® the test circuit in each nenory device; and 10 a
second pad, fornmed in one of said scribe |lines, for connecting an
externally generated DC bias voltage to each nenory device; wherein said
test circuit perforns a bumin operation on the associ ated nenDry device

|0 T esponsert o t RGuRR iy EBARLEA S ANalr SARLSHN § BRBAIE B ST U be LAY

the total tine of t n operation ate"t o
th t b b 15 th nmennry cells

o Coaey” P %y:ni}wgf cwﬁé&%@ﬂwg@ﬁ@%ﬂdﬁ AN
our it ShocTPRaER B o of AR S0 PO SITOL e sed for Burt Gperation on

each memory device on the wafer, said burn-in circuit comprising:
a test circuit incorporated in each memory device;

a first pad, formed in one of said scribe lines, for connecting an externally generated

burn-in enable signal to the test circuit in each memory device; and

10 a second pad, formed in one of said scribe lines, for connecting an externally generated

DC bias voltage to each memory device;

wherein said test circuit performs a burn-in operation on the associated memory device
in response to the burn-in enable signal, whereby the burn-in circuit allows the total time of the
burn-in operation to be significantly reduced due to the concurrent burn-in operation on both

15  the memory cells and the periphery circuitry of the memory device.
2. The burn-in circuit of claim 1, wherein said test circuit comprises:

oscillator means for generating a burn-in oscillating signal in response to the burn-in

enable signal; and



enabl e signal; and 30 AUGUST 2005 13 a series of cascaded toggle circuits
for generating a plurality of pulse trains used for bumin operation on
the periphery circuitry of the nmenory device other than the 3eN0GYSTEAODS.
3. The bumin circuit of claim2, wherein said bumin oscillating signal
generating nmeans is a ring oscillator. 514. The bumin circuit of claim 2,
wherein the bumin enable signal is transferred to a colum sense
anplifier and a row decoder, which enabl es said colum sense anplifier and
di sabl es said row decoder, and further enables all the word |ines and al

the row addr essesseaf of d&s@@&h%%gaé birdut€ (608 cBRtALd HRRNAS of PRI Srain® uBKT foP! M
bumin on the nenory cells of the nenory device. 10 5.°The bumin circuit

of clai m 2, buphed &leRatiol On e REPhIF EirQE-F o fAHE ﬁlfémeyadeQiclf: B A thte?lrgéglllm ﬁeells.

circuit is twice in periodto the output periodi'c pulse train
previous one. 6. The bumin circuit of claim1, wherein during the burn-in
operation, the internal bias of the nenory cells is raised to equal the

| evel of t ext ) r ' A A method for bumin
operation o o soia it ARIF GRS PrulthdRsal? biAIE sreliae Fphdlddndring Wiy
each of whigh ry device is forned and which are separated by a
plurality olgaéchio cgﬁ)"}t%hes, and each of said dice being formed with a
built-in test circuit and a plurality of addresses and associ ated word

| ines, said nethod conprising the steps of: 30 AUGUST 2005

5 4 The burn-in circuit of claim 2, wherein the burn-in enable signal is transferred to a
column sense amplifier and a row decoder, which enables said column sense amplifier and
disables said row decoder, and further enables all the word lines and all the row addresses and

disables all the column addresses, so as to perform burn-in on the memory cells of the memory

device.

10 5. The burn-in circuit of claim 2, wherein the output periodic pulse train from one toggle

circuit is twice in period to the output periodic pulse train from the previous one.

6. The burn-in circuit of claim 1, wherein during the burn-in operation, the internal bias

of the memory cells is raised to equal the level of the externally generated DC bias voltage.

7. A method for burn-in operation on a semiconductor wafer formed with a plurality of
15 dice on each of which a memory device is formed and which are separated by a plurality of
scribe lines, and each of said dice being formed with a built-in test circuit and a plurality of

addresses and associated word lines, said method comprising the steps of :



14 formng at least a first pad and a second pad in one of the said scribe
| ines; connecting the first pad to the test circuit in each die;
connecting the second pad to the bias input end of each die;3QaNEGURI 20§5and
transferring an externally generated DC bias voltage via the second pad 5
to the bias input end of each of the dicel4 generating and transferring an
externally generated burn-in enable signal via the first pad to the test
circuit in each of the dice, said burn-in enable signal causing said test
circuit to generate a bumin oscillating signal; converting the bumin
osci |l ating si gnfrmingtaoleastjalfitstaphd hiyd Dfecond 12d ift 68 GTIhoMaiCderiBs Bnagsed 10 for
bumin operation on the periphery circuitry of the nmenory device other than
the nenory cells; and transferring the burn-in enable signal to a colum
sense anplifier and a row decoder, which enables the colum sense

anplifier and di sabb@mgEikid (MO URT cirdfith fdthigher enables all  the word
lines and all the row addresses and di sables all the columm addresses, so

as to perform 15 burn-in on the nenmory cells of the nenory device. 8. The
met hod of claim7, wherein said test circuit conprises: a ring oscillator

| ! lalphdtd ' ' \se to the burn-i
bonpreer a9 P B3l padtd Aol B enddebRBRRGSC O the burn-in

generating and transferring an externally generated DC bias voltage via the second pad

5  to the bias input end of each of the dice;

generating and transferring an externally generated burn-in enable signal via the first
pad to the test circuit in each of the dice, said burn-in enable signal causing said test circuit to

generate a burn-in oscillating signal,

converting the burn-in oscillating signal into a plurality of pulse trains which are used
10 for burn-in operation on the periphery circuitry of the memory device other than the memory

cells; and

transferring the burn-in enable signal to a column sense amplifier and a row decoder,
which enables the column sense amplifier and disables the row decoder, and further enables all
the word lines and all the row addresses and disables all the column addresses, so as to perform

15 burn-in on the memory cells of the memory device.

8. The method of claim 7, wherein said test circuit comprises:
a ring oscillator for generating the burn-in oscillating signal in response to the burn-in

enable signal.



9. The nethod of claim7 wherein a series of cascaded toggle circuits are
used to generate the plurality of pulse trains used to performbumin on
the periphery circuitry of the nenory device other than the3QARGIYSICA05s.
10. The method of claim9, wherein the output periodic pulse train from one
toggle circuit 5 is twice in period to tHe output periodic pulse train
fromthe previous one. 11. The nethod of claim7, wherein during the bumin
operation, the internal bias of the nenory cells is raised to equal the
| evel of the externally generated DC bias voltage. [FIG 3]

9. The method of claim 7 wherein a series of cascaded toggle circuits are used to generate

the plurality of pulse trains used to perform burn-in on the periphery circuitry of the memory

device other than the memory cells.

10. The method of claim 9, wherein the output periodic pulse train from one toggle circuit

S is twice in period to the output periodic pulse train from the previous one.

11. The method of claim 7, wherein during the burn-in operation, the internal bias of the

memory cells is raised to equal the level of the externally generated DC bias voltage.

* * * * *

[FIG. 3]



