
30 AUGUST 2005 1 CIRCUIT AND METHOD FOR BURN-IN OPERATION ON A WAFER OF
MEMORY DEVICES BACKGROUND OF THE INVENTION 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. 30 AUGUST 2005 2 A solution to the forgoing
problem has been disclosed and published in IEEE,  IEDM 93-639 by Tohru
Furuyama et al. of Toshiba Corporation of Japan. This paper  teaches an
improved method for the burn-in operation on the DRAM devices formed on  a
wafer. This method, however, still has the following drawbacks. First, for
each DRAM 5 device, the burn-in for the memory cells thereof and the
burn-in for the periphery cir- cuitry thereof should be separately
performed (i.e., a concurrent burn-in operation to  these two parts of each
DRAM device is impossible). The overall burn-in is therefore  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 die in the wafer, additional
work time may 10 be required if the number of probes is insufficient.
Third, it requires the provision 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
30 AUGUST 2005 device to be small in size due to the 3 elimination of test
pads that are conventionally provided on the die surface to facilitate the
burn-in operation. It is still 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 DRAM  5 device to be repairable when failures
are found during the burn-in operation. 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; 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 end of each
die; (4) generating and transferring an externally generated DC bias
voltage via the second pad to the bias input end of each of the dice; 5 (5)
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; (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. 30 AUGUST
2005 5 The invention allows the total time of the burn-in operation to be
significantly  reduced due to the concurrent burn-in operation on both the
memory cells and the  periphery circuitry of the DRAM device. Also, the
invention allows the IC chip of the  DRAM device to be repairable in the
event that failures are found during the burn-in 5 operation, allowing the
manufacture of the DRAM to be more cost-effective. Further- more, the
invention allows the IC chip to be considerably reduced in size due to the
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 131,:.x, and a burn-in oscillating signal Bl,,s that
are used for burn-in 01)- 20 oration on each die in the wafer of FIG. 1: 30
AUGUST 2005 6  FIG. 5 is a schematic diagram of a series of cascaded toggle
circuits devices used in the burn-in circuit of the invention to generate a
plurality of pulse trains used for  burn-in operation; and FIG. 6 is a
waveform diagram showing the timing between the pulse trains gen 5 erated
by the toggle circuits shown in FIG. 5. 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 wafer 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 BlEN, 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,;X 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-in enable signal BIEN Prior to the
burn-in operation, the dice 12 are checked to see if they are suited  for
burn-in and if they are properly connected to the DC bias voltage VCCEXT If
any die 5 is found to be unsuited for burn-in, a fuse (not shown) can be
used to isolate that die  from other dice in the group so that the burn-in
signals will not be applied thereto. To perform a burn-in operation on the
dice 12 in each group, the burn-in enable  signal BIEN is set at a
high-voltage 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
VCCEXT is 10 generated and transferred via the second pad 18" each of the
dice 12. In response to the  burn-in enable signal BIEN, 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 inside 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 BIEN triggers the ring
oscillator 32 to generate a periodic pulse  train (hereinafter referred to
as burn-in oscillating signal and denoted by Bloc) 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 BIEN and the  burn-in oscillating signal Bloc. As shown, during the
time the burn-in enable signal BIEN 30 AUGUST 2005 8 is at a high-voltage
logic state, the ring oscillator 32 will keep generating the periodic pulse
train which serves as the burn-in oscillating signal BIOS. The burn-in
oscillating signal BIos from the ring oscillator 32 is used for burn-in
operation on each address (or decoder) in the periphery circuitry of the
DRAM device in 5 each die. As shown in FIG. 3, the burn-in oscillating
signal BIOS is transferred via the  buffer 34 to each of the address
buffers 36, and then used to perform a burn-in operation  on each of the
addresses associated with these address buffers 36. For 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 Ctl 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 BIOS is input to the first tog- gle circuit 52.
Referring also to FIG. 6, in response to the burn-in oscillating signal
BIOS, the  first toggle circuit 52 generates a first trigger signal T1
which is also a periodic pulse 20 train. The first trigger signal Tl is
then transferred to the second toggle circuit 54. In  response to Ti, the
second toggle circuit 54 generates a second trigger signal T2 which 30
AUGUST 2005 9  is also a periodic pulse train having a period which is two
times that of T1. The second  trigger signal 7-2 is then transferred to the
third toggle circuit 56. In response to 72, the  third toggle circuit 56
generates a third trigger signal T3 which is also a periodic pulse  train
having a period which is two times that of 7-2. 5 Taking a 3-bit DRAM
device as example (which is used to explain the 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 performed on the first address
[111] during the  first period P 1 in TI; on the second address [0111
during the second period P2 in TI; on  the third address [101] during the
third period P3 in TI; on the fourth address [001] 10 during the fourth
period P4 in Ti; on the fifth address [110] during the fifth period P5 in
TI; on the sixth address [010] during the sixth period P6 in Ti; on the
seventh address  



[100] during the seventh period P7 in TI; 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 BIEN 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 BIEN, 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 addresses 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 BI,;N is raised to a high- voltage state (logic
value 1), and the internal bias voltage of the memory cells is by 30 AUGUST
2005 10 passed and then raised to the level of the externally applied DC
bias voltage VCCEXT, allowing the DC bias voltage VCCEXT to be also used to
bias the word lines. By conventional burn-in method, each word line is
enabled during each period,  and the time needed to complete the burn-in
operation to each word line is about 1 p.s 5 (microsecond). In practice,
however, the duration of the enabling. of each row address  selection (RAS)
is only about 70%; and as a result, the active period of each word line is
only about 0.7 s. Therefore, if the conventional burn-in method is used on
a 1 Mx 16  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)xO.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 the IC 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 30 AUGUST 2005 11
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. The invention
has been described using exemplary preferred embodiments.  However, it is
to be understood that the scope of the invention is not limited to the dis
5 closed embodiments. On the contrary, it is intended to cover various
modifications and  



similar arrangements. The scope of the claims, therefore, should be
accorded the bro- adest interpretation so as to encompass all such
modifications and similar arrangements. 30 AUGUST 2005 12 CLAIMS What is
claimed is: 1. A burn-in circuit provided on a wafer formed with a
plurality of dice on each of which  a memory device composed of memory
cells and a periphery circuitry, is formed and which are 5 separated by a
plurality of scribe lines, said bum-in circuit being used for bum-in
operation on  each memory device on the wafer, said bum-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
bum-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 bum-in operation on the associated memory device
in response to the bum-in enable signal, whereby the bum-in circuit allows
the total time of the  bum-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 30 AUGUST 2005 13 a series of cascaded toggle circuits
for generating a plurality of pulse trains used for  bum-in operation on
the periphery circuitry of the memory device other than the memory cells.
3. The bum-in circuit of claim 2, wherein said bum-in oscillating signal
generating means is a ring oscillator. 5 4. The bum-in circuit of claim 2,
wherein the bum-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
bum-in on the memory cells of the memory  device. 10 5. The bum-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 bum-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 bum-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: 30 AUGUST 2005 



14  forming at least a first pad and a second pad in one of the said scribe
lines;  connecting the first pad to the test circuit in each die;
connecting the second pad to the bias input end of each die; 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 bum-in oscillating signal; converting the bum-in
oscillating signal into a plurality of pulse trains which are used  10 for
bum-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 bum-in oscillating signal in response to the burn-in
enable signal. 30 AUGUST 2005 15 



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 bum-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  5 is twice in period to the output periodic pulse train
from the previous one. 11. The method of claim 7, wherein during the bum-in
operation, the internal bias of the memory cells is raised to equal the
level of the externally generated DC bias voltage. [FIG. 3] 


