USOORE40172E
(19) United States
12y Reissued Patent (10) Patent Number: US RE40,172 E
Do 45) Date of Reissued Patent:  Mar. 25, 2008
(54) MULTI-BANK TESTING APPARATUS FOR A 5,383,193 A 1/1995 Pathak et al.
SYNCHRONOUS DRAM 5,400,281 A * 3/1995 Morigami ................... 365/201
5,450,364 A 9/1995 Stephens et al.
(75) Inventor: Chang Ho Do, Ichon-shi (KR) 5,511,029 A * 4/1996 Sawada et al. ............. 365/201
5587950 A * 12/1996 Sawada et al. ............. 365/201
- . : : Qe 5757,809 A * 5/1998 Kiso et al. eveveverrverennns 714/718
(73)  Assignee: I%;"X Semiconductor, Inc., Ichon-Shi 5.802.005 A * 9/1998 Nakamura et al. ..... 365/230.03
(KR) 5959930 A * 9/1999 Sakurai ................ 365/230.03
5082684 A * 11/1999 Schwartzlow et al. ...... 365/201
(21) Appl. No.: 10/334,147 5995424 A 11/1999 Lawrence et al.
(22) Filed: Dec. 26, 2002 * cited by examiner

Primary Examiner—Son L. Mai

Related U.5. Patent Documents (74) Attorney, Agent, or Firm—Townsend and Townsend

Reissue of:
(64) Patent No.. 6,166,967 and Crew LLP
Issued: Dec. 26, 2000 (57) ABSTRACT
11;51117’5(11 Ho- ng;,lgfsfggg A multi-bank testing apparatus for a synchronous DRAM,
’ which allows all banks of the synchronous DRAM to
(30) Foreign Application Priority Data simultaneously carry out their write and read operations 1n
a test mode, thereby being capable of testing the entire bank
May 25, 1998  (KR) e, 08-18885 in order to reduce the test time being likely to increase in
(51) Int. CL. accordance with an increased memory integration degree.
G11C 7/00 (2006.01) The multi-bank testing apparatus includes a row address
strobe generating unit for enabling a word line to transmit
(52) US.Cl e, 365/189.07: 365/201: 365/230.03  datafrom cells to bit line sense amplifiers in each bank of the
(58) Field of Classification Search .......... 365/189.07,  synchronous DRAM, a column address strobe generating

365/193. 201 230.03: 714/718. 719 unmit for generating a signal adapted to enable transistors
mnle j j respectively adapted to couple bit lines carrying data, ampli-

See application file for complete search history.
PP P Y fied by the bit line sense amplifiers, to local data bus lines,

(56) References Cited input/output sense amplifiers for amplifying data on the
| local data bus lines, respectively, a transmission gate unit for
U.S. PATENT DOCUMENTS controlling transmission of data from the input/output sense
4464750 A * 21984 Tatematsu 714/719 amplifiers to global read data bus lines, and an 1nput/output
4744061 A * 5/1988 Takemae et al. ............ 365201  comparing unit for compressing data from the input/output
4.782.486 A 11/1988 Lipcon et al. sense amplifiers prior to the transmission thereof to the
4,868,823 A * 9/1989 White et al. ................ 714/720  global read data lines.
5,228,000 A * 7/1993 Yamagata ................... 365/201
5,274,648 A 12/1993 Eikill et al. 27 Claims, 8 Drawing Sheets
-
25 0
S 9 ;
e e e v o o ——— -
[0SAO % A—T7 10540 | .,
BANKO <l e ]l | | BANK 2
!
I :
o
, |
bl |
o
1
- 1 . 1
[0SAO L T 10540
BANK 1 {  BANK3
4 j Kl

Input /Out put
Compare

i




U.S. Patent Mar. 25, 2008 Sheet 1 of 8 US RE40,172 E

S
Cell
cell
cell
Cell
Cell
cell

ford Line

11

W Dout 1 || Dout 2 Dout3 Din0 Dinl Din2 Din3
12 buffer || buffer || buffer |} buffer buffer {{ buffer |{ buffer || buffer

Yi
Yi

BLSA .
BLSA —
qm.
[ BLOA

Word Line
| BLSA

e
I
f q@ E |
=I
i CTJ i
-a:c::-cc <C i
- éll | =

L
Lt

N S O O | O A 10 O O
SHUA
1] B S v A A

oo l- N O

L

¥ S AR N el - e e, - P e e gy ———— ——————————de i S iy

-

BANK2
BANK3

N A

£8030
¢8030

1 — 1 N
Céiggg; IllllIIIIIIIIHIIIHIIIIIIIIlllllIIIIIIIIIIIIIIILIIIHIIIHHIIIIlllllllllllllllll

A I Sesl— - R Se— gl L R T T ———

-

'—“_-r _-i-_-n_-_—-———l_“r L g

Fig.1(prior art)

| =
m m IIIIIIII

N !Il.l

BANK1

E
o

Yi

Yord Linc

¥ord Ling

3
el T
el
el T
eIl



U.S. Patent Mar. 25, 2008 Sheet 2 of 8 US RE40,172 E

t8dd) —
e840 -

cB@D -
¢8ddn —
19010 ~
(8040 —

08040 —

Fig.2(prior art)

BLSA
BLSA
Y1
BL.SA
BLSA




U.S. Patent Mar. 25, 2008 Sheet 3 of 8 US RE40,172 E

RAS

BA rasatv<Q:.N-1>
rasgen_n

tm_abwr ) 10

Fi1g.3A

PM31 — 31
RAS — rasatv<x>
t
NM31 ontrotler

BAa l NM32:

n_abwr

BAz ]ELNM:}ZZ

Fi1g.3B



U.S. Patent Mar. 25, 2008 Sheet 4 of 8 US RE40,172 E

CAS

__ BA casgen_n casatv<0:N-1>

( tm_abwr 1 40

Fi1g.4A

PM41 — 41
CAS Cgltmlﬁg casatv<x>
N
NMd1 rotier

BAa | NM4 2z

N abwr

BAz ——| NM42z

Fi1g.4B



US RE40,172 E

Sheet 5 of 8

Mar. 25, 2008

U.S. Patent

ANV
0Y501

2Jedmo)
ndin)/Induj

'

1.

L] ovsor




US RE40,172 E

Sheet 6 of 8

Mar. 25, 2008

U.S. Patent

A0,
£d(d¥9




US RE40,172 E

Sheet 7 of 8

Mar. 25, 2008

U.S. Patent

9 Jedwo)
nding/indu]

0L



US RE40,172 E

Sheet 8 of 8

Mar. 25, 2008

U.S. Patent

100

8 814
R G g —"

<01
pUl  gLUl gAYl T2U] 7 TN LLVN

GLu] 9]  Llu]

.A 1Aqe ]

_ <€:0>0I
—
ST b by b
. TLRd
\ m%‘ cLd |2Lhd | Y _
A LR FAT P2
0. V y V V - e




US RE40,172 E

1

MULTI-BANK TESTING APPARATUS FOR A
SYNCHRONOUS DRAM

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an apparatus for testing a
synchronous dynamic random access memory (DRAM)
which 1s a semiconductor memory, and more particularly to
a multi-bank testing apparatus for a synchronous DRAM,
which allows all banks of the synchronous DRAM to
simultaneously carry out their write and read operations 1n
a test mode, thereby being capable of testing the entire bank
in order to reduce the test time being likely to increase 1n
accordance with an increased memory integration degree.

2. Description of the Related Art

Generally, a synchronous DRAM i1ncludes a plurality of
row address strobe (RAS) generating circuits corresponding
respectively to banks of the synchronous DRAM. Each of
the RAS-generating circuits 1s enabled 1n response to a bank
selection address signal adapted to select a bank associated
with the RAS-generating circuit, thereby establishing row
paths for the selected bank. The synchronous DRAM also
includes a plurality of column address strobe (CAS) gener-
ating circuits corresponding respectively to the banks of the
synchronous DRAM. Each of the CAS-generating circuits 1s
enabled 1 response to a bank selection address signal
adapted to select a bank associated with the CAS-generating
circuit, thereby establishing column paths for the selected

bank.

The above operation of the row and column address
strobe generating circuits will now be described 1n conjunc-

tion with FIGS. 1 and 2.

When a row active command 1s inputted to a synchronous
DRAM 1n a normal operation mode, it enables a row address
strobe signal which 1s a command signal for enabling
RAS-generating circuits. This row address strobe signal 1s
applied to RAS-generating circuits (denoted by “rasgen” 1n
FIG. 1) 3 of all banks i1n the synchronous DRAM.
Simultaneously, a bank selection address signal, which
selects one of the banks, 1s applied to RAS-generating
circuits 3 of all banks. Only the RAS-generating circuit 3 of
the bank selected by the received bank selection address
signal 1s enabled, based on the received row address strobe
signal, to output a row address strobe enable signal, thereby
establishing row paths for the selected bank. As a result, a
word line associated with the enabled bank 1s enabled.

On the other hand, when a column active command 1s
inputted to the synchronous DRAM, 1t enables a column
address strobe signal which 1s a command signal for
enabling CAS-generating circuits. This column address
strobe signal 1s applied to CAS-generating circuits (denoted
by “casgen” 1n FIG. 1) 4 of all banks 1n the synchronous
DRAM. Simultaneously, a bank selection address signal,
which selects one of the banks, 1s applied to CAS-generating
circuits 4 of all banks. Only the CAS-generating circuit 4 of
the bank selected by the received bank selection address
signal 1s enabled, based on the recerved column address
strobe signal, to output a column address strobe enable
signal, thereby establishing column paths for the selected
bank. As a result, a signal Y1, serving to couple each of bit
lines to an associated one of local data bus lines LDB 1n an
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enable state thereoft, 1s enabled. Accordingly, 1t 1s possible to
carry out data read and write operations for the selected

bank.

The above-mentioned data paths will be described 1n
more detail, 1n conjunction with FIG. 1.

First, a description will be made in regard to the write
paths.

Buflered data from each of data input buflers 11 1s sent to
an associated one of global write data bus lines GWDB, and
1s then sent to an associated one of local data bus lines LDB

in accordance with an operation of an associated one of write
drivers WD.

In this state, when the signal Y1, serving to couple each
local data bus line LDB to an associated one of bit lines in
an enable state thereof, 1s enabled, the data from each local
data bus line LDB 1s applied to an associated one of cells 1
via an associated bit line, so that 1t 1s stored 1n the associated

cell 1.

Next, a description will be made 1n regard to the read
paths.

When data from each cell 1 1n a selected bank 1s sent to
an associlated bit line in accordance with a row active
command, the signal Y1 i1s enabled in response to the row
active command, thereby causing the data from the bit line
to be transmitted to an associated local data bus line LDB.
The data from the local data bus line LDB 1s then sent to an
associated iput/output sense amplifier 3 which, 1n turn,
amplifies the data. The amplified data 1s subsequently trans-
mitted to an associated global read data bus line GRDB, so
that 1t 1s output through an associated data output bufler 12.

As mentioned above, a synchronous DRAM, which con-
sists of Nbanks, conducts row and column activating opera-
tions for only one particular bank selected by a bank
selection address BA every time the bank selection address
BA 1s generated. For this reason, the testing operation for
such a synchronous DRAM 1is carried out for one bank.

In order to test the entire bank of the synchronous DRAM,
it 1s necessary to conduct the testing operation by N times
corresponding to the number of banks in the synchronous

DRAM. This results 1n a lengthened test time.

SUMMARY OF THE INVENTION

Therefore, the present invention has been made 1n view of
the above-mentioned problems nvolved in conventional
techniques, and an object of the mvention 1s to provide a
multi-bank testing apparatus for a synchronous DRAM
which allows all banks of the synchronous DRAM to
simultaneously carry out their write and read operations 1n
a test mode, thereby being capable of testing the entire bank
in order to reduce the test time being likely to increase 1n
accordance with an increased memory integration degree.

In accordance with the present invention, this object 1s
accomplished by providing a multi-bank testing apparatus
for a synchronous DRAM consisting of a plurality of banks,
comprising: a row address strobe generating unit for
enabling a word line to transmit data from cells to bit line
sense amplifiers 1n each bank of said synchronous DRAM;
a column address strobe generating unit for generating a
signal adapted to enable transistors respectively adapted to
couple bit lines carrying data, amplified by said bit line sense
amplifiers, to local data base lines; input/output sense ampli-
fiers for amplifying data on said local data bus lines,
respectively; a transmission gate unit for controlling trans-
mission of data from said input/output sense amplifiers to
global read data bus lines; and an mput/output comparing
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unit for compressing data from said input/output sense
amplifiers prior to said transmission thereof to said global
read data bus lines.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and aspects of the mvention will become
apparent from the following description of embodiments
with reference to the accompanying drawings 1n which:

FI1G. 1, 1s a block diagram 1llustrating a configuration of
a general synchronous DRAM;

FIG. 2 1s a block diagram illustrating output paths for
input/output sense amplifiers shown in FIG. 1;

FIGS. 3a and 3b are diagrams 1llustrating a configuration
of a RAS-generating circuit unit imncluded in a multi-bank
testing apparatus according to the present invention;

FIGS. 4a and 4b are diagrams 1llustrating a configuration
of a CAS-generating circuit unit imncluded i a multi-bank
testing apparatus according to the present invention;

FIG. 5 1s a block diagram illustrating output paths for
input/output sense amplifiers 1n accordance with an embodi-
ment of the present mnvention;

FIG. 6 1s a block diagram illustrating output paths for
input/output sense amplifiers in accordance with another
embodiment of the present invention;

FI1G. 7 1s a circuit diagram 1llustrating a configuration of
a transmission gate unit mcluded 1n the multi-bank testing
apparatus according to the present invention; and

FIG. 8 1s a circuit diagram 1llustrating a configuration of
an iput/output comparing unit included 1n the multi-bank
testing apparatus according to the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to FIGS. 3a to 8, circuits included 1n an appa-
ratus for testing banks of a synchronous DRAM 1n accor-
dance with the present invention are illustrated, respectively.

The testing apparatus of the present invention includes a
RAS-generating unit 30 (FIG. 3a) for enabling a word line
to transmit data from cells to bit line sense amplifiers 20 in
cach bank of a synchronous DRAM, a CAS-generating unit
40 (FIG. 4a) for generating a signal adapted to enable
transistors respectively adapted to couple bit lines carrying,
data, amplified by the bit line sense amplifiers 20, to local
data bus lines LDB, and input/output sense amplifiers 50 for
amplifying data on the local data bus lines LDB, respec-
tively. The testing apparatus also includes a transmission
gate unit 60 for controlling transmission of data from the
input/output sense amplifiers 50 to global read data bus lines
GRDB. The testing apparatus further includes an mput/
output comparing unit 70 for compressing data from the

input/output sense amplifiers 50 prior to the transmission
thereol to the global read data bus lines GRDB.

As shown i FIG. 3b, the RAS-generating unit 30
includes a PMOS transistor PM31 and an NMOS transistor
NM31 connected 1n series to each other. A row address
strobe signal 1s commonly applied to the gates of the PMOS
transistor PM31 and the NMOS transistor NM31. A timing
controller 31 1s coupled to a node between the PMOS
transistor PM31 and the NMOS transistor NM31. The
timing controller 31 serves to control the period of time for
which an output from the RAS-generating unit 30, namely,
a row address strobe enable signal rasatv, 1s 1n an enable
state. Aplurality of NMOS transistors NM32a to NM32z,

which are coupled 1n series together, 1s connected 1n series

10

15

20

25

30

35

40

45

50

55

60

65

4

to the NMOS transistor NM 31. Each of the NMOS tran-
sistors NM32a to NM32z recerves an associated one of bank
selection address signals BAa to BAz at 1ts gate. Another
NMOS transistor NM30 1s coupled to a node between the
NMOS transistor NM31 and the NMOS transistor NM32a in
a parallel fashion. The NMOS transistor NM30 receives, at
its gate, a test signal for all banks (heremafter, referred to as

a “all-bank test signal™), tm__abwr. The all-bank test signal
tm__abwr 1s enabled when write and read operations are to

be conducted for all banks.

Referring to FIG. 4b, a detailed configuration of the
CAS-generating unit 40 1s illustrated. As shown 1n FIG. 4b,
the CAS-generating unit 40 includes a PMOS transistor
PM41 and an NMOS transistor NM41 connected 1n series to
cach other. A column address strobe signal 1s commonly
applied to the gates of the PMOS transistor PM41 and the
NMOS transistor NM41. A timing controller 41 1s coupled
to a node between the PMOS ftransistor PM41 and the
NMOS transistor NM41. The timing controller 41 serves to
control the period of time for which an output from the
CAS-generating unit 40, namely a column address strobe
enable signal casatv, 1s 1n an enable state. A plurality of
NMOS transistor NM42a to NM42z, which are coupled in
series together, 1s connected 1n series to the NMOS transistor
NM 41. Each of the NMOS ftransistors NM42a and NM42z
receives an associated one of bank selection address signals
BAa to BAz at 1ts gate. Another NMOS transistor NM40 1s
coupled 1n parallel to a node between the NMOS transistor
NM41 and NMOS transistor NMd42a. The NMOS transistor
NM40 receives, at its gate, the all-bank test signal tm__abwr
enabled when write and read operations are to be conducted

for all banks.

As described more fully with respect to FIG. 7, the
transmission gate unit 60 includes a plurality of first trans-
mission gates 61 and a pair of second transmission gates 62.
As shown 1 FIGS. § and 6, each first transmission gate 61
1s arranged between the output of an associated input/output
sense amplifier 50 and an associated global read data bus
line GRDB or bar-capped GRDB. In a test mode, the first
transmission gate 61 1s closed, thereby preventing data from
the associated input/output sense amplifier 50 from being
transmitted to the associated global read data bus line GRDB
or bar-capped GRDB. On the other hand, each second
transmission gate 62 1s arranged between the output of the
input/output comparing unit 70 and an associated mput/
output global read data bus line GRDB or bar-capped
GRDB. The second transmission gate 62 1s opened 1n the test
mode, thereby allowing the output from the input/output
comparing unit 70 to be transmitted to the associated global

read data bus line GRDB or bar-capped GRDB.

Referring to FIG. 7, a detailed configuration of each first
transmission gate 61 and each second transmission gate 62
included 1n the transmission gate unit 60 1s illustrated. As
shown 1n FIG. 7, the first transmission gate 61 includes a
PMOS transistor PM61 and an NMOS transistor NMé61
coupled 1n parallel between an associated one of the mput/
output sense amplifiers 50 and one of two global read data
bus lines GRDB and bar-capped GRDB respectively asso-
ciated with input and input-bar signals from the input/output
sense amplifier 50, that 1s, the global read data bus line
GRDB. At 1ts gate, the PMOS transistor PM61 receives the
all-bank test signal tm__abwr whereas the NMOS transistor
NM61 receives, at its gate, a signal inverted from the
all-bank test signal tm__abwr via an iverter In60. The {first
transmission gate 61 also includes another PMOS transistor
PM62 and another NMOS transistor NM62 coupled 1n

parallel between the associated input/output sense amplifier
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50 and the other associated global read data bus line,
bar-capped GRDB. At 1ts gate, the PMOS transistor PM62
receives the all-bank test signal tm__abwr whereas the
NMOS transistor NM62 receives, at its gate, the signal
inverted from the all-bank test signal tm__abwr via the
imverter In60. On the other hand, the second transmission
gate 62 includes a PMOS ftransistor PM63 and an NMOS
transistor NM63 coupled in parallel between the mput/
output comparing unit 70 and the global read data bus line
GRDB. The PMOS transistor PM63 receives, at its gate, the
signal inverted from the all-bank test signal tm__abwr via the
inverter In60 whereas the NMOS transistor NM63 recerves,
at 1ts gate, the all-bank test signal tm_ abwr. The second
transmission gate 62 further includes another. PMOS tran-
sistor PM64 and another NMOS transistor NM64 coupled 1n
parallel between the mput/output comparing unit 70 and the
other global read data bus line, bar-capped GRDB. The
PMOS ftransistor PM64 receives, at its gate, the signal
iverted from the all-bank test signal tm__abwr via the
inverter In60 whereas the NMOS transistor NM64 receives,
at 1ts gate, the all-bank test signal tm__abwr.

FIG. 8 illustrates a detailed configuration of the input/
output comparing umt 70. As shown in FIG. 8, the mput/

output comparing unit 70 includes PMOS transistors PM71
and PM 76, and NMOS transistors NM71 and NM73. These

PMOS and NMOS transistors PM71, PM76, NM71, and
NM76 are coupled together in parallel and receive, at
respective gates thereof, a signal inverted from the all-bank

test signal tm__abwr via an inverter In70. A plurality of
PMOS transistors PM72 to PM75 1s coupled in parallel

between the PMOS transistor PM71 and the NMOS tran-
sistor NM71. The PMOS transistors PM 72 to PM7S5 receive,
at respective gates thereof, input signals 10<0:3>which are
output from associated input/output sense amplifiers 50,
respectively. An NMOS transistor NM72 1s connected to the
NMOS transistor NM71 in such a fashion that they have a
common source. A plurality of PMOS transistors PM77 to
PM80 1s coupled 1n parallel between the PMOS ftransistor
PM76 and NMOS transistor NM73. The PMOS transistors
PM 77 to PM80 receive, at respective gates thereof, mput-
bar signals, bar-capped 10<0:3>, which are output from the
associated mput/output sense amphﬁers 50, respectively. An
NMOS ftransistor NM74 1s connected to the NMOS transis-
tor NM73 in such a fashion that they have a common source.
The mput/output comparing unit 70 also includes NAND
gates NAT71, NA72, and NA73. The NAND gate 71 receives
output and output-bar signals from the associated mput/
output sense amplifiers 530. The NAND gate NA72 recerves
an output from the NAND gate NA71 along with the
all-bank test signal tm__abwr. The NAND gate NAT73
receives an output from the NAND gate NA72 via serially
connected inverters In71 to In74 at one 1put thereof. The
output from the NAND gate NA72 1s also applied to the
other mput of the NAND gate NA73 via the serially con-
nected mverters In71 to In74 and then via serially connected
iverters In75 to In79. The output from the NAND gate

NA73 1s coupled to the gates of the NMOS transistors NM72
and NM74 1n a common fashion via an inverter In80.

In accordance with the above-mentioned configuration
according to the present invention, row and column activat-
ing operations may not be intluenced by any bank selection
address during write and read testing operations. That 1s, the
row or column activating operation can be conducted for all
banks 1n a simultaneous manner, thereby enabling a simul-
taneously read or write test.

That 1s, 1n accordance with the present invention, all word
lines, 1n all banks, associated with one row address, can be
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enabled 1n every row activating operation. In every column-
activating operation, the signal Y1 which serves to couple
cach of bit lines to an associated one of local data bus lines
LDB i1n an enable state thereof 1s enabled for all banks.
Accordingly, the write or read test can be conducted for all

banks.

In order to prevent data from different banks from fighting
with each other on a data output path, data from each cell
passes through the mput/output comparing unit, before 1t 1s
transmitted to an associated global read data bus line, so that
it 1s compressed 1n the input/output comparing unit. Since
compressed data 1s transmitted to global read data bus lines,
there 1s no data fighting phenomenon occurring 1n data

output paths.

By one write or read cycle, a corresponding write or read
operation 1s completed for all banks. Accordingly, 1t 1s
possible to greatly reduce the entire test time.

Now, the operation of the testing apparatus according to
the present invention will be described.

When a row active command 1s iputted to the testing
apparatus 1n a normal operation mode, 1t enables a row
address strobe signal which 1s, 1n turn, applied to the
RAS-generating unit 30. Based on the row address strobe
signal, the RAS-generating unit 30 generates a row address
strobe enabling signal rasatv.

On the other hand, when a column active command 1s
inputted 1s inputted to the testing apparatus in a normal
operation mode, 1t enables a column address strobe signal
which 1s, 1n turn, applied to the CAS-generating unit 40.
Based on the column address strobe signal, the CAS-
generating unit 30 generates a column address strobe
enabling signal casatv.

In a test mode 1n which write and read operations for tests
are to be carried out for all banks, an all-bank test signal
tm__abwr 1s enabled. This all-bank test signal tm__abwr 1s
applied to respective gates of the NMOS transistors NM30
and NM40 coupled to respective nodes of the RAS and
CAS-generating units 30 and 40, to which a bank selection
address signal BA 1s applied, in a parallel fashion. In this
mode, accordingly, row and column activating operations
are not influenced by any bank selection address.

In accordance with the above-mentioned configurations
of the RAS and CAS-generating units 30 and 40, a chip

consisting of N banks can operate such as one bank during
write and read tests for all banks. When a write command 1s

inputted, cells included 1n different banks, but allocated with
the same address, are recorded with the same data because

cach global write data bus line GWDB belongs to all banks.

Accordingly, data write 1s conducted for all banks 1n a
simultaneous manner, thereby enabling a simultaneous write
test.

When a read operation 1s subsequently carried out, data
from cells included 1n different banks, but allocated with the
same address, are carried on associated bit lines in an
amplified state, and then transmaitted to associated local data
bus lines LDB, respectively, 1n response to an enabled state
of the signal Y1 serving to couple each of those bit lines to
an associated one of local data bus lines LDB.

The data tfrom each local data bus line LDB i1s then

amplified 1n an associated mput/output sense amplifier 50
which, 1n turn, sends the resultant data to the mput/output
comparing unit 70.

In the test mode, each first transmission gate 61, which
serves to couple the output of an associated input/output
sense amplifier 30 to an associated global read data bus line
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GRDB, 1s closed in response to the all-bank test signal
tm__abwr, thereby preventing data from the associated input/
output sense amplifier 50 from being transmitted to the
associated global read data bus line GRDB. On the other
hand, each second transmission gate 62, which serves to
couple the output of the mput/output comparing unit 70 to an
associated mput/output global read data bus line GRDB, 1is
opened 1n response to the all-bank test signal tm__abwr,
thereby allowing the output from the mput/output compar-
ing unit 70 to be transmitted to the associated global read
data bus line GRDB. Thus, a data read operation 1s con-
ducted for all banks 1n a simultaneous manner.

The input stage of the input/output comparing unit 70 may
have various configurations in accordance with the present
invention.

In accordance with an embodiment of the present
invention, respective outputs of mput/output sense amplifi-
ers 50 respectively included in different banks, but arranged
on the same data path, are coupled to the input of the
input/output comparing unit 70.

This configuration 1s 1llustrated 1n FIG. 5. In this case, the
input/output comparing unit 70 receives, as 1ts mput, data
from input/output sense amplifiers 50, each being included

in one of all banks, carried on the same global data bus line
GRDB, as shown 1n FIG. 5.

In this case, it 1s possible to conduct a data write operation
in the testmode, 1rrespective of the logic level of data to be
written, that 1s, whether data to be written has a low logic
level or a high logic level. In a data read operation, the
written data can be read in such a fashion that their logic
levels are read.

In accordance with another embodiment of the present
invention, respective outputs of mput/output sense amplifi-
ers 50 included 1n the same bank are coupled to the mput/
output comparing unit 70. This configuration 1s illustrated 1n

FI1G. 6.

In the case illustrated 1n FIG. 6, it 1s necessary to input
data having the same logic level 1n a write operation 1n the
test mode.

In accordance with the multi-bank test system, which 1s
applied to synchronous DRAMSs, it 1s possible to greatly
reduce the entire test time, as compared to conventional test
systems 1n which a test 1s carried out 1n a special test mode
using compressed output data.

As apparent from the above description, the present
invention provides a multi-bank testing apparatus for a
synchronous DRAM, which allows all banks of the syn-
chronous DRAM to simultaneously carry out their write and
read operations 1n a test mode, thereby being capable of
testing the entire bank in order to reduce the test time being,
likely to increase in accordance with an increased memory
integration degree. In order to prevent data from different
banks from fighting with each other on a data output path,
data from each cell passes through an mnput/output compar-
ing unit before it 1s transmitted to an associated global read
data bus line, so that 1t 1s compressed 1n the input/output
comparing unit.

Although the preferred embodiments of the invention
have been disclose for illustrative purposes, those skilled in
the art will appreciate that various modifications, additions
and substitutions are possible, without departing from the
scope and spirit of the invention as disclosed 1n the accom-
panying claims.

What 1s claimed 1s:

1. A multi-bank testing apparatus for a synchronous
DRAM consisting of a plurality of banks, comprising:
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8

a row address strobe generating unit for generating a
signal adapted to simultaneously enable all of word
lines having a same row address of each bank to transit
data from cells to bit line sense amplifiers 1n each bank

of said synchronous DRAM;

a column address strobe generating unit for generating a
signal adapted to enable transistors respectively
adapted to simultancously couple bit lines having a
same column address of each bank and carrying data,
amplified by said bit line sense amplifiers, to local data
bus lines:

input/output sense amplifiers for amplifying data on said
local data bus lines, respectively;

a transmission gate unit for controlling transmission of
data from said input/output sense amplifiers to global
read data bus lines; and

an mput/output comparing unmt for compressing data from

said 1nput/output sense amplifiers prior to said trans-
mission thereotf to said global read data bus lines.

2. The multi-bank testing apparatus as claimed 1n claim 1,

wherein said row address strobe generating unit comprises:

a first PMOS transistor and a first NMOS transistor
connected 1n series to each other, said first PMOS and

NMOS transistors recerving a row address strobe signal
in a common fashion at gates thereof;

a timing controller coupled to a node between said first
PMOS and NMOS transistors and adapted to control
the period of time for which an output from said row
address strobe generating unit;

a group ol second NMOS transistors coupled in series
together and connected 1n series to said first NMOS
transistor, each of said second NMOS transistors
receiving an associated one of bank selection address
signals at a gate thereof;

a third NMOS transistor coupled to a node between said
first NMOS transistor and said second NMOS transis-
tor group 1n a fashion parallel to said second NMOS
transistor group, said third NMOS transistor receiving,
at a gate thereot, an all-bank test signal being enabled
when write and read operations 1n a test mode are to be
conducted for all banks.

3. The multi-bank testing apparatus as claimed 1n claim 1,
wherein said column address strobe generating unit com-
Prises:

a first PMOS transistor and a first NMOS ftransistor
connected 1n series to each other, said first PMOS and
NMOS transistors recerving a column address strobe
signal 1n a common fashion at gates thereof;

a timing controller coupled to a node between said first
PMOS and NMOS ftransistors and adapted to control
the period of time for which an output from said
column address strobe generating unit;

a group ol second NMOS transistors coupled in series
together and connected 1n series to said first NMOS
transistor, each of said second NMOS transistors
receiving an associated one of bank selection address
signals at a gate thereof;

a third NMOS transistor coupled to a node between said
first NMOS transistor and said second NMOS transis-
tor group 1n a fashion parallel to said second NMOS
transistor group, said third NMOS transistor receiving,
at a gate thereot, an all-bank test signal being enabled
when write and read operations 1n a test mode are to be
conducted for all banks.

4. The multi-bank testing apparatus as claimed 1n claim 1,

wherein said transmission gate unit comprises:
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a plurality of first transmission gates each arranged
between an output of an associated one of said mnput/
output sense amplifiers and an associated one of said
global read data bus lines, each of said first transmis-
sion gates being closed 1n response to an all-bank test

10

a second NMOS transistor coupled to one of said first
NMOS transistors 1 such a fashion that they have a
COMMmOn Source;

a plurality of third PMOS transistors coupled 1n parallel

. . : L) between the other one of said first PMOS transistors
signal being enabled when write and read operations in d the other one of said first NMOS transistors and
a test mode are to be conducted for all banks, thereby i . . .
preventing data from said associated mput/output sense ai:lapt‘ed o recetve, at respective gates thereol, mput-bar
amplifier from being transmitted to said associated Sl_gn 55 | '
global read data bus line; and o, @ third NMOS transistor f:onnected to .other one of said
a pair of second transmission gates each arranged between first NMOS transistors in such a fashion that they have
an output of said input/output comparing unit and an d COIMON SOUree.
associated one of said input/output global read data bus a first NAND gate adapted to receive said input and
lines, each of said second transmission gates being input-bar signals;
opened by said all-bank test signal, thereby allowing . a second NAND gate adapted to receive an output from
said output from said input/output comparing unit to be said first NAND gate at one input thereof, said second
transmitted to said associated global read data bus line. NAND gate also receiving said all-bank test signal at
5. The multi-bank testing apparatus as claimed 1n claim 4, the other input thereof; and
wherein: a third NAND gate adapted to receive an output from said
each of said first transmission gate comprises 20 second NAND gate via iverters at one input thereof,
a first PMOS transistor and a first NMOS transistor said third NAND gate also receiving an output from
coupled in parallel between said associated input/ said second NAND gate via said inverters and then via
output sense amplifier and a first one of two global other inverters, said third NAND gate being coupled at
read data bus lines respectively associated with input an output thereof to gates of said second and third
and input-bar signals from said input/output sense s NMOS transistors 1n a common fashion via an inverter.

amplifier, said first PMOS {transistor receiving, at a
gate thereol, said all-bank test signal while said first

7. The multi-bank testing apparatus as claimed 1n claim 6,

wherein said input and input-bar signals are those output
from said mput/output sense amplifiers transmitted to the
same global read data bus line and enabled 1n response to the
same column address.

8. The multi-bank testing apparatus as claimed 1n claim 6,
wherein said input and input-bar signals are those output
from said input/output sense amplifiers associated with the
same bank and enabled in response to the same column
address.

9. A multi-bank testing apparatus for a memory circuit
having a plurality of banks, the apparatus comprising:

PMOS transistor receiving, at a gate thereot, a signal
inverted from said all-bank test signal via an inverter,
and 30
a second PMOS ftransistor and a second NMOS tran-
sistor coupled in parallel between said associated
input/output sense amplifier and a second one of said
associated global read data bus lines, said second
PMOS ftransistor receiving, at a gate thereof, said ;s
all-bank test signal while said second NMOS tran-
sistor receiving, at a gate thereof, a signal inverted

from said all-bank test signal via said inverter; and
cach of said second transmission gates comprises

a third PMOS ftransistor and a third NMOS transistor
coupled in parallel between said iput/output com-
paring unit and said first associated global read data
bus line, said third PMOS transistor receiving, at a
gate thereot, said signal inverted from said all-bank
test signal via said mverter while said third NMOS
transistor receiving, at a gate thereof, said all-bank
test signal, and

a fourth PMOS transistor and a fourth NMOS transistor
coupled 1n parallel between said mput/output com-
paring unit and said second associated global read
data bus line, said fourth PMOS transistor receiving,
at a gate thereof, said signal inverted from said
all-bank test signal via said inverter whereas said
fourth NMOS transistor receiving, at a gate thereof,
said all-bank test signal.

6. The multi-bank testing apparatus as claimed in claim 1,

wherein said input/output comparing unit comprises:

a pair of first PMOS transistors and a pair of first NMOS
transistors coupled together 1in parallel and adapted to
receive, at respective gates thereolf, a signal inverted by
an inverter from an all-bank test signal being enabled
when write and read operations 1n a test mode are to be

conducted for all banks:

a plurality of second PMOS transistors coupled in parallel
between one of said first PMOS transistors and one of
said first NMOS transistors and adapted to receive, at
respective gates thereotf, input signals;

40

45

50

55

60

65

a row address strobe generator configured to generate a
signal adapted to simultaneously enable word lines
having a same row addrvess in more than one of said
plurality of banks to transmit information from cells to
respective bit line sense amplifiers;

a column select circuit configured to couple bit lines from
said bit line sense amplifiers to respective local data
bus lines:

a column address strobe generator configured to generate
a signal adapted to enable the column select circuit to
simultaneously couple respective bit lines having a
same column address in move than one of said plurality
of banks to respective local data bus lines;

a plurality of input/output sense amplifiers each config-
ured to amplify data from a vespective one of said data
bus lines:

a transmission gate unit for controlling transmission of
data from said input/output sense amplifiers to global
read data bus lines: and

an input/output comparing unit for compressing data from
said input/output sense amplifiers priov to said trans-
mission thereof to said global vead data bus lines.

10. A synchronous dynamic random access memory

(SDRAM), comprising.

a plurality of banks, each bank having:
a plurality of memory cells for storing data, the
memory cells arranged in vows and columns;
a plurality of bit lines, each bit line configured to carry
signals from one of the columns of memory cells;
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a plurality of word lines, each word line configured to
couple memory cells of one of the rows to respective
ones of the bit lines;

a plurality of bit line sense amplifiers, each coupled to
a respective one of the bit lines;

a local data bus line;

a column select circuit configured to couple an output
of a selected one of the bit line sense amplifiers to the
local data bus line; and

an input/output amplifier coupled to receive signals
from the local data bus line;

a row address strobe (RAS) enable generating circuit
configured to genervate a plurality of RAS enable
signals, the RAS enable signals being adapted to simul-
taneously enable one of the word lines of each of the
plurality of banks during a test operation;

a column addvess strobe (CAS) enable generating circuit
configured to gemerate a plurality of CAS enable
signals, the CAS enable signals being adapted to simul-
taneously enable the column select circuit of each of the
plurality of banks during the test operation;

a global vead data bus line;

an input/output comparing unit configured to compare
data from the input/output sense amplifiers of the
plurality of banks during the test operation,; and

a transmission gate block configured to control transmis-
sion of data from the input/output amplifier of each
bank and the input/output comparing unit to the global
read data bus line.

11. The SDRAM of claim 10, wherein during the test
operation, the input/output comparing unit compares the
data from the input/output sense amplifier of a first one of the
plurality of banks to the data from the input/output sense

amplifier of a second one of the plurality of banks.
12. The SDRAM of claim 10, wherein the input/output

comparing unit comprises a multi-bit test circuit.

13. The SDRAM of claim 12, whervein the multi-bit test
circuit is configured to compare vespective logic states of a
plurality of bits of data received from the input/output sense
amplifiers to a known pattern of logic states.

14. The SDRAM of claim 13, wherein the known pattern
of logic states comprises a plurality of bits each having the
same logic state.

15. The SDRAM of claim 10, wherein the RAS enable
signals arve further adapted to enable one of the word lines
in one of the plurality of banks during a normal operation,
and wherein the CAS enable signals ave further adapted to

enable the column select circuit of one of the plurality of

banks during a novmal operation.

12

mode signal and a bank selection signal and to override the
bank selection signal when the test mode signal is in an
asserted state.

20. The SDRAM of claim 10, wherein the RAS enable

5 generating circuit includes:
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a first transistor coupled between a power supply poten-
tial and a first node, the first transistor having a gate
terminal coupled to receive a row address strobe sig-
nal;

a second transistor coupled between the first node and a
second node, the second transistor having a gate ter-
minal coupled to receive the row address strobe signal;

a plurality of bank selection transistors serially coupled
between the second node and a ground potential, each
of the bank selection transistors having a gate terminal
coupled to receive a rvespective bank selection address
signal;

a test mode transistor coupled between the second node
and the ground potential, the test mode transistor
having a gate terminal coupled to receive a test mode
signal; and

a timing control civcuit coupled between the first node and
an output node and configured to control a duration of
an asserted state of a RAS enable signal on the output
node.

21. The SDRAM of claim 10, whervein the CAS enable

generating circuit includes:

a first transistor coupled between a power supply poten-
tial and a first node, the first transistor having a gate
terminal coupled to receive a column address strobe
signal;

a second transistor coupled between the first node and a
second node, the second transistor having a gate ter-
minal coupled to receive the column addvess strobe
signal;

a plurality of bank selection transistors serially coupled
between the second node and a ground potential, each
of the bank selection transistors having a gate terminal
coupled to veceive a respective bank selection address
signal;

a test mode transistor coupled between the second node
and the ground potential, the test mode transistor
having a gate terminal coupled to receive a test mode
signal; and

a timing control civcuit coupled between the first node and
an output node and configured to control a duration of
an asserted state of a CAS enable signal on the output
node.

22. A method for testing a memory device having a

16. The SDRAM of claim 15, wherein the transmission so Plurality of banks of memory cells, the method comprising:

gate block is further configured to transmit signals from the
input/output comparing unit to the global read data bus line
during the test operation and to transmit signals from the

input/output amplifier of an enabled one of the plurality of

banks to the global vead data bus line during a normal
operation.

17. The SDRAM of claim 10, wherein during the test
operation, data is simultaneously transmitted from a
selected memory cell of each bank to the input/output
comparing unit, wherein the selected memory cells have
corresponding row addresses and column addresses.

18. The SDRAM of claim 17, wherein the selected memory
cell of each bank is a memory cell to which data was
previously written during a write test cycle of the test
operation.

19. The SDRAM of claim 10, wherein the RAS enable

generating circuit is further configured to veceive a test
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performing a write operation, including the acts of:

simultaneously enabling more than one of the plurality
of banks; and

simultaneously writing write-test data to a selected
memory cell in each of the plurality of enabled
banks, the selected memory cell in each of the
plurality of enabled banks having corresponding row
addresses and column addresses;

performing a read operation, including the acts of:

simultaneously enabling more than one of the plurality
of banks, including generating a RAS enable signal
in an asserted state for each of the plurality of
enabled banks, thereby simultaneously enabling a
word line of each of the plurality of enabled banks,
the enabled wovrd line of each of the plurality of
enabled banks corresponding to the same row
address; and
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simultaneously reading read-test data from the selected
memory cell in each of the plurality of enabled

banks;

comparing the read-test data from each of the plurality of
enabled banks: and S

generating a vesult signal based on a vesult of the act of

comparing.

23. The method of claim 22, further comprising:

transmitting the vesult signal on a global read data bus

line of the memory device.

24. The method of claim 22, wherein the write-test data
includes data having a same logic state.

25. The method of claim 24, wherein the vesult signal
indicates whether the vead-test data correspond to the same
logic state.

26. The method of claim 22, wherein the act of reading
includes.:

10

15

generating a CAS enable signal in an asserted state for
each of the plurality of enabled banks, thereby simul- -,
taneously enabling a column select circuit of each of
the plurality of enabled banks to select a column, the
selected column of each of the plurality of enabled
banks corresponding to the same column address.
27. A method for testing a memory device having a s
plurality of banks of memory cells, the method comprising:

performing a write operation, including the acts of:

14

simultaneously enabling more than one of the plurality
of banks; and

simultaneously writing write-test data to a selected
memovry cell in each of the plurality of enabled
banks, the selected memory cell in each of the

plurality of enabled banks having corresponding row
addresses and column addresses;

performing a read operation, including the acts of.

simultaneously enabling more than one of the plurality
of banks, including generating a CAS enable signal
in an asserted state for each of the plurality of
enabled banks, thereby simultaneously enabling a
column select circuit of each of the plurality of
enabled banks to select a column, the selected col-
umn of each of the plurality of enabled banks cor-
responding to the same column address; and

simultaneously reading read-test data from the selected

memory cell in each of the plurality of enabled
banks;

comparing the read-test data from each of the plurality of
enabled banks;: and

generating a vesult signal based on a result of the act of
comparing.



	Front Page
	Drawings
	Specification
	Claims

