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(57) ABSTRACT 

In a voltage doWn converter, an internal poWer supply 
potential can be made equal to an external poWer supply 
potential by rendering an output driving transistor included 
in differential ampli?ers conductive in accordance With an 
activation of a burn-in mode detection signal. The differen 
tial ampli?ers include a comparison circuit having an output 
changed to an inactive state in response to the burn-in mode 
detection signal and a transistor setting a level of a gate 
voltage of the drive transistor to a ?xed level. 
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SEMICONDUCTOR DEVICE ALLOWING 
EXTERNAL SETTING OF INTERNAL POWER 

SUPPLY VOLTAGE GENERATED BY A VOLTAGE 
DOWN CONVERTER AT THE TIME OF TESTING 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates generally to a semi 
conductor device, and more particularly, to a semiconductor 
device having a circuit associated With a reliability evalua 
tion testing. 

[0003] 2. Description of the Background Art 

[0004] Recently, together With the advancement of the 
integration of semiconductor devices and the miniaturiZa 
tion of MOS transistors, a thickness of a gate oxide ?lm of 
an MOS transistor have been decreasing, leading to the 
decreased breakdown voltage of the gate oxide ?lm. There 
fore a high gate voltage may have an adverse effect on the 
reliability of an MOS transistor. 

[0005] In some systems using a semiconductor memory 
device, a voltage required for an operation of the semicon 
ductor memory device is loWer than a poWer supply voltage 
of the system itself. In such a case, the poWer supply voltage 
for the semiconductor memory device is generally supplied 
from the poWer supply voltage of the system itself, by 
generating an internal poWer supply voltage required for the 
operation of the semiconductor memory device by pulling 
doWn the voltage inside the semiconductor memory device. 

[0006] A circuit generating the internal poWer supply 
voltage in this manner is called a voltage doWn converter. 
Use of such a voltage doWn converter alloWs the substantial 
reduction of the poWer consumption by the semiconductor 
memory device thus stabiliZing the internal poWer supply 
voltage used therein. 

[0007] NoW, the reliability evaluation test Will be 
described. 

[0008] Generally, a life of a device can be divided into 
three periods based on the characteristics of failures. That is, 
an early failure period, folloWed by a random failure period 
and a Wear-out failure period. 

[0009] Immediately after the device is put under use, the 
early failure period starts. During this period, early failures 
originating from defects at the time of manufacture of the 
device are revealed. The rate of an early failure rapidly 
decreases With time. 

[0010] Then a long random failure period With a loW 
failure rate lasts for a certain period. 

[0011] As the device approaches the end of its useful life, 
it enters the Wear-out failure period Where the failure rate 
dramatically increases. 

[0012] The device is desirably used in the random failure 
period, Which is regarded as equivalent to the service life of 
the device. Therefore, the random failure period is required 
to last long With a loW and constant failure rate, in order to 
enhance the device reliability. 

[0013] On the other hand, a screening is indispensable for 
precluding early failures, in Which devices are subjected to 
accelerated aging for a prescribed time period, Whereby 
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defective devices are screened out. A screen testing Which 
ensures that the early failure rate rapidly decreases against 
time to enable immediate commencement of the random 
failure period is desirable in order to perform the screening 
effectively in a short time period. 

[0014] Currently a high temperature operation test (burn 
in test) is generally performed as a screening procedure. The 
burn-in test alloWs a direct evaluation of a dielectric ?lm 
using an actual device. During the burn-in test, every 
defective factor including a migration of an aluminum 
interconnection is revealed by applying a high temperature 
and high-?eld stresses. 

[0015] When the device is operated under a high tempera 
ture to enhance acceleration, the burn-in test becomes par 
ticularly effective. 

[0016] FIG. 15 is a block diagram shoWing a con?gura 
tion of a voltage doWn converter portion of a conventional 
semiconductor device adaptable for the burn-in test. 

[0017] Referring to FIG. 15, the voltage doWn converter 
of the conventional semiconductor device includes: a 
capacitor 212 arranged betWeen an external poWer supply 
potential Ext.Vcc and a ground potential; a capacitor 220 
arranged betWeen an internal poWer supply potential Int.Vcc 
and the ground potential; a reference voltage generation 
circuit 216 generating a reference potential for internal 
poWer supply potential Int.Vcc at a normal operation; a 
differential ampli?er 218 poWered by external poWer supply 
potential Ext.Vcc and setting an internal poWer supply 
potential Int.Vcc of the same level as an output voltage of 
reference voltage generation circuit 216; and a P channel 
transistor 214 having a gate receiving a burn-in mode 
detection signal /STR, a source coupled to external poWer 
supply potential Ext.Vcc and a drain coupled to internal 
poWer supply potential Int.Vcc. 

[0018] In a normal mode other than a test mode for the 
reliability evaluation, burn-in mode detection signal /STR is 
at a logical high level and P channel transistor 214 is off. 

[0019] In the test mode for the reliability evaluation, 
burn-in mode detection signal /STR attains a logical loW (L) 
level and a node supplied With internal poWer supply poten 
tial Int.Vcc and a node supplied With external poWer supply 
potential Ext.Vcc are connected together via P channel 
transistor 214, thus internal poWer supply potential Int.Vcc 
is rendered equal to external poWer supply potential 
Ext.Vcc. 

[0020] In such a voltage doWn converter as the one shoWn 
in FIG. 15, hoWever, transistor 214, Which short-circuits a 
node receiving external poWer supply potential Ext.Vcc and 
a node receiving internal poWer supply potential Int.Vcc at 
the time of testing, must be large enough to secure the 
current driving capability. Such a large transistor required 
for the testing of semiconductor devices causes a chip area 
to increase. 

[0021] A method for rendering internal poWer supply 
potential Int.Vcc the same level as external poWer supply 
potential Ext.Vcc using an output driving transistor included 
in a differential ampli?er portion is disclosed in Japanese 
Patent Laying-Open No. 6-103793. 

[0022] FIG. 16 is a circuit diagram shoWing a con?gura 
tion of a voltage doWn converter disclosed in the aforemen 
tioned Japanese Patent Laying-Open No. 6-103793. 
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[0023] The voltage doWn converter shown in FIG. 16 
includes: 

[0024] a reference voltage generation circuit 2100 for 
generating 

[0025] a reference voltage Vref; a comparator 2200 
for receiving 

[0026] and comparing internal poWer supply voltage 
Int.Vcc and 

[0027] reference voltage Vref; a driver P5 controlled 
by comparator 2200 and pulling doWn external 
poWer supply voltage Ext.Vcc to the level of internal 
poWer supply voltage Int.Vcc; a burn-in reference 
voltage generation circuit 2300; series-connected 
inverters I1 and I2 receiving an output of node G3 of 
burn-in reference voltage generation circuit 2300 as 
an input; an inverter I3 receiving an output of 
inverter I2; an N channel transistor N4 having a gate 
receiving an output of inverter I3 and connecting an 
output node G1 of comparator 2200 and a node G2 
connected to a gate of driver P5; a P channel tran 
sistor P3 having a gate receiving the output of 
inverter I2 and connecting node G1 and node G2; 
and an N channel transistor N5 having a gate receiv 
ing the output of inverter I2 and coupling node G2 
With a ground potential Vss. 

[0028] Comparator 2200 includes an N channel transistor 
N3 having a gate receiving reference voltage Vref and a 
source coupled to ground potential Vss, an N channel 
transistor N1 having a gate receiving reference voltage Vref 
and connecting a drain of N channel transistor N3 and node 
G1, an N channel transistor N2 having a gate receiving 
internal poWer supply potential Int.Vcc and a source con 
nected to the drain of N channel transistor N3, a P channel 
transistor P2 having a gate receiving a drain potential of N 
channel transistor N2 and coupling the drain of N channel 
transistor N2 and external poWer supply potential Ext.Vcc 
and a P channel transistor P1 having a gate receiving a 
potential from the drain of N channel transistor N2 and 
coupling node G1 and external poWer supply potential 
Ext.Vcc. 

[0029] FIG. 17 is a Waveform diagram illustrating an 
operation of the voltage doWn converter shoWn in FIG. 16. 

[0030] Referring to FIGS. 16 and 17, the voltage doWn 
converter operates normally during the time period t1-t2. 

[0031] Internal poWer supply potential Int.Vcc is applied 
to each circuit block such as a memory element in a chip, as 
Well as to the gate of N channel transistor N2 in comparator 
2200. 

[0032] Therefore, When internal poWer supply potential 
Int.Vcc attains loWer than the potential of reference voltage 
Vref because of the current consumption by each circuit 
block such as a memory element inside a chip While the 
internal poWer supply potential Int. Vcc is supplied to the 
device, the potential at output node G1 of comparator 2200 
is loWered. 

[0033] Then driver P5 is rendered conductive, reducing 
the voltage drop in internal poWer supply potential Int.Vcc. 

[0034] On the other hand, When internal poWer supply 
potential Int.Vcc attains higher than the potential of refer 
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ence voltage Vref and the level of the potential at output 
node G1 of comparator 2200 goes higher, the voltage drop 
at driver P5 is increased accordingly, thereby reducing 
internal poWer supply potential Int.Vcc doWn to the poten 
tial of reference voltage Vref. 

[0035] During the time period t1-t2, the potential at output 
node G3 of burn-in reference voltage generation circuit 2300 
is at an L level. Accordingly, N channel transistor N4 and P 
channel transistor P3 are both conductive, nodes G1 and G2 
are connected and N channel transistor N5 is turned OFF. 

[0036] From time t2 to t3, output node G3 of burn-in 
reference voltage generation circuit 2300 attains an H level. 
In response, both N channel transistor N4 and P channel 
transistor P3 are turned OFF. N channel transistor N5 turns 
ON-state and the potential at node G2 attains an L level. 

[0037] Thus driver P5 is rendered conductive, alloWing 
external poWer supply potential Ext.Vcc to be applied to the 
chip via driver P5 With little voltage drop. At this point, 
output node G1 of comparator 2200 at an H level does not 
affect node G2 because P channel transistor P3 and N 
channel transistor N4 are both at an OFF-state. 

[0038] In a conventional semiconductor device using a 
voltage doWn converter such as those shoWn in FIGS. 15 
and 16, internal poWer supply potential Int.Vcc of one level 
generated by one voltage doWn converter is used. 

[0039] In this case, in a semiconductor memory device, 
folloWing problems arise, for example. 

[0040] In general a memory cell array consumes a large 
current compared With a peripheral circuitry. To achieve 
reduction in poWer consumption, therefore, internal poWer 
supply potential Int.Vcc supplied to the memory cell array 
is decreased. When such a decreased internal poWer supply 
potential Int.Vcc generated by one voltage doWn converter 
is applied to the peripheral circuitry portion, hoWever, the 
peripheral circuitry cannot achieve a required high-speed 
operation. 

[0041] MeanWhile, internal poWer supply potential 
Int.Vcc can be increased in order to obtain a high-speed 
operation of the peripheral circuitry. In a conventional 
semiconductor memory device, hoWever, an increased inter 
nal poWer supply potential Int.Vcc is also applied to the 
memory cell array because there is only one voltage doWn 
converter. The reduction of poWer consumption cannot be 
achieved if such a large internal poWer supply potential 
Int.Vcc is supplied to the memory cell array. 

[0042] In a voltage doWn converter as shoWn in FIG. 16 
Where a transfer gate is inserted betWeen the comparator 
output and the gate of the driver, the transfer gate must be 
large enough to ensure a sufficiently high speed response at 
the normal operation. This leads to increased chip area. 

SUMMARY OF THE INVENTION 

[0043] An object of the present invention is to provide a 
semiconductor device Which alloWs an effective reliability 
evaluation testing and realiZes the high speed operation and 
the reduction in poWer consumption. 

[0044] The present invention is, to be brief, a semicon 
ductor device including a ?rst poWer supply terminal, a 
second poWer supply terminal, a control circuit and a ?rst 
voltage doWn converter. 
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[0045] The ?rst power supply terminal receives a ?rst 
poWer supply potential. The second poWer supply terminal 
receives a second poWer supply potential higher than the 
?rst poWer supply potential. The control circuit generates a 
test mode signal in response to an externally applied desig 
nation. The ?rst voltage doWn converter receiving the ?rst 
poWer supply potential and the second poWer supply poten 
tial pulls doWn the second poWer supply potential to gen 
erate a ?rst intermediate potential. The ?rst voltage doWn 
converter includes a ?rst output node, a ?rst reference 
potential generation circuit generating a ?rst reference 
potential Which is a reference for the ?rst intermediate 
potential, a ?rst internal node receiving the second poWer 
supply potential, and a ?rst comparison circuit receiving and 
comparing the ?rst reference potential and a potential at the 
?rst output node, the ?rst comparison circuit having a ?rst 
inactivation circuit inactivating a comparison operation in 
response to the test mode signal, and a ?rst drive circuit 
supplying a current from the ?rst internal node to the output 
node in accordance With the output of the ?rst comparison 
circuit at the time of inactivation of the test mode signal and 
connecting the ?rst output node and the ?rst internal node at 
the time of activation of the test mode signal. 

[0046] An advantage of the present invention is, therefore, 
that an additional element for conducting an external poWer 
supply potential line and an internal poWer supply potential 
line at the time of burn-in testing is not required because an 
output driving P channel transistor of a voltage doWn 
converter generating an internal poWer supply potential can 
be rendered conductive, hence the required area is reduced. 
A further advantage of the present invention is that the 
response of the voltage doWn converter Will not be adversely 
affected at the time of normal operation, because the com 
parator itself is inactivated at the time of burn-in testing and 
an output of the comparator is supplied directly to a gate of 
the driving P channel transistor and not via a transfer gate. 

[0047] The foregoing and other objects, features, aspects 
and advantages of the present invention Will become more 
apparent from the folloWing detailed description of the 
present invention When taken in conjunction With the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0048] FIG. 1 is a block diagram shoWing a con?guration 
of a semiconductor device 1000 in accordance With a ?rst 
embodiment of the present invention. 

[0049] FIG. 2 is a schematic block diagram shoWing a 
con?guration of a voltage doWn converter 1100 shoWn in 
FIG. 1. 

[0050] FIG. 3 is a circuit diagram shoWing details of 
con?gurations of a VrefP generation circuit 40, a VrefS 
generation circuit 48 and a voltage generation circuit 44 
shoWn in FIG. 2. 

[0051] FIG. 4 is a circuit diagram shoWing details of a 
con?guration of a differential ampli?er 46 shoWn in FIG. 2. 

[0052] FIG. 5 is a circuit diagram shoWing details of a 
con?guration of a comparison circuit 102 shoWn in FIG. 4. 

[0053] FIG. 6 is a Waveform diagram illustrating an 
operation of differential ampli?er 46 of FIG. 4. 
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[0054] FIG. 7 is a circuit diagram shoWing details of a 
con?guration of a STR signal control circuit 22 shoWn in 
FIG. 1. 

[0055] FIG. 8 is a circuit diagram shoWing details of a 
con?guration of an over voltage detector 142 shoWn in FIG. 
7. 

[0056] FIG. 9 is a Waveform diagram shoWn to describe 
an operation of over voltage detector 142 of FIG. 8. 

[0057] FIG. 10 is a schematic block diagram shoWing a 
con?guration of a voltage doWn converter 1200 used in a 
second embodiment. 

[0058] FIG. 11 is a schematic block diagram shoWing a 
con?guration of a voltage doWn converter 1300 used in a 
third embodiment. 

[0059] FIG. 12 is a schematic block diagram shoWing 
details of a con?guration of a voltage doWn converter 2000 
used in a fourth embodiment. 

[0060] FIG. 13 is a circuit diagram shoWing details of a 
con?guration of a differential ampli?er 1400 of FIG. 12. 

[0061] FIG. 14 is a diagram illustrating an operation of 
voltage doWn converter 2000 of FIG. 12. 

[0062] FIG. 15 is a schematic block diagram shoWing a 
con?guration of a voltage doWn converter of a ?rst example 
used in a conventional semiconductor device. 

[0063] FIG. 16 is a circuit diagram shoWing a con?gura 
tion of a voltage doWn converter of a second example used 
in a conventional semiconductor device. 

[0064] FIG. 17 is a Waveform diagram illustrating an 
operation of the voltage doWn converter of FIG. 16. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0065] Hereinafter embodiments of the present invention 
Will be described in detail referring to the draWings, in Which 
a same character refers to a same or a corresponding 

element. 

[0066] First Embodiment 

[0067] FIG. 1 is an example of the device of the invention 
employed in a dynamic random access memory (DRAM). 

[0068] A semiconductor device 1000 includes a memory 
cell array 16 storing externally applied data, a roW and 
column address buffer 6 receiving address signals Ext.A0 
Ext.Ai designating an address of memory cell array 16, roW 
decoder 10 selecting and driving one of a plurality of Word 
lines of the memory cell array in response to a roW address 
signal supplied from roW and column address buffer 6, a 
column decoder 8 selecting one of a plurality of bit line pairs 
of memory cell array 16 in response to a column address 
signal supplied from roW and column address buffer 6, a 
sense ampli?er 14 amplifying a potential difference betWeen 
bit line pairs of the memory cell array, an input buffer 18 
receiving and amplifying externally applied input data DQ1 
DQ4, an output buffer 20 externally outputting output data 
DQ1-DQ4 and an input-output circuit 12 connecting a bit 
line pair selected by the column decoder to the input buffer 
and the output buffer. 














