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SEMICONDUCTOR DEVICE INCLUDING 
VOLTAGE DOWN CONVERTER ALLOWING 
TUNING IN SHORT PERIOD OF TIME AND 

REDUCTION OF CHIP AREA 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a semiconductor 
device and, more speci?cally, to a semiconductor device 
mounting an internal poWer supply generating circuit. 

[0003] 2. Description of the Background Art 

[0004] Recently, as the semiconductor devices have been 
developed to operate at ever loWer voltages, driving of a 
transistor in a semiconductor device With a poWer supply 
voltage loWer than the poWer supply voltage applied from 
outside of the semiconductor device has been strongly 
desired. The requirement of reduced poWer consumption of 
the semiconductor device and of higher reliability of the 
transistor are underlying factors of such trend. 

[0005] In a dynamic random access memory (DRAM), it 
is also an important problem to ensure reliability of a 
dielectric ?lm of a capacitor holding charges in a memory 
cell. 

[0006] Upper limit of an internal poWer supply voltage of 
a semiconductor device has been made loWer generation by 
generation due to the requirements described above, result 
ing in ever larger difference from the poWer supply voltage 
used in the system. Thus, a voltage doWn converter is 
provided, Which is a circuit for doWn converting the poWer 
supply voltage used in the system to generate a stable 
internal poWer supply voltage. The voltage doWn converter 
closes a gap betWeen the poWer supply voltage used in the 
system and the internal poWer supply voltage used in the 
semiconductor device, so as to ensure the reliability inside 
the semiconductor device. 

[0007] FIG. 15 is a circuit diagram representing a con 
?guration of a typical conventional voltage doWn converter. 

[0008] Referring to FIG. 15, the voltage doWn converter 
includes a reference potential generating circuit 300 for 
generating a reference potential as a reference for an internal 
poWer supply potential generated in a chip, and a voltage 
converting unit 302 receiving a reference potential Vref 
generated by reference potential generating circuit 300 and 
generating an internal poWer supply potential int.Vcc. 

[0009] Voltage converting unit 302 includes a differential 
ampli?er circuit 304 comparing levels of reference potential 
Vref and internal poWer supply potential int.Vcc, and a P 
channel MOS transistor 306 receiving an output of differ 
ential ampli?er circuit 304 at its gate, and connected 
betWeen an eXternal poWer supply node receiving an exter 
nal poWer supply potential EXt.Vcc and an internal poWer 
supply node outputting the internal poWer supply potential 
int.Vcc. 

[0010] Differential ampli?er circuit 304 has a negative 
input node connected to the reference potential Vref and a 
positive input node receiving the internal poWer supply 
potential int.Vcc. Differential ampli?er circuit 304 controls 
sWitching of P channel MOS transistor 306 to stabiliZe the 
internal poWer supply potential int.Vcc to the same level as 
the reference potential Vref. 
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[0011] FIG. 16 is a circuit diagram representing a con 
?guration of reference potential generating circuit 300 of 
FIG. 15. 

[0012] Referring to FIG. 16, reference potential generat 
ing circuit 300 includes a constant current source 312 and a 
resistance circuit 313 connected in series betWeen a poWer 
supply node to Which the external poWer supply potential 
EXt.Vcc is applied and the ground node. A connection node 
betWeen constant current source 312 and resistance circuit 
313 is an output node of reference potential generating 
circuit 300, from Which reference potential Vref is output. 

[0013] Reference potential generating circuit 300 further 
includes a capacitor 324 for stabiliZing potential, connected 
betWeen the output node outputting the reference potential 
Vref and the ground node. 

[0014] Resistance circuit 313 includes P channel MOS 
transistors 314 to 322 connected in series betWeen the output 
node outputting the reference potential Vref and the ground 
node. P channel MOS transistors 314 to 322 receive at their 
gates the ground potential. 

[0015] Resistance circuit 313 further includes a sWitch 
circuit 326 connected in parallel With P channel MOS 
transistor 314, a sWitch circuit 328 connected in parallel With 
P channel MOS transistor 316, a sWitch circuit 330 con 
nected in parallel With P channel MOS transistor 318, and a 
sWitch circuit 332 connected in parallel With P channel MOS 
transistor 320. 

[0016] As a constant current applied from constant current 
source 212 ?oWs against the channel resistances of P chan 
nel MOS transistors 314 to 322, reference potential Vref is 
determined. In order to prevent ?uctuation of reference 
potential Vref due to the variation of channel resistances of 
P channel MOS transistors, sWitch circuits 316 to 332 
include fuse elements. The con?guration alloWs adjustment 
of reference potential Vref by changing the state of conduc 
tion of each fuse element. By sWitching the sWitch circuits 
betWeen the conduction and non-conduction states in accor 
dance With the setting of the fuses, tuning to 24 different 
values, that is, 16 values is possible. 

[0017] Determination of fuse setting Will be described in 
the folloWing. 

[0018] FIG. 17 is a circuit diagram shoWing detailed 
con?guration of sWitch circuit 326. 

[0019] Referring to FIG. 17, sWitch circuit 326 includes a 
pad 390 receiving a tuning signal TSIGn, an inverter 392 
receiving and inverting the tuning signal TSIGn, an N 
channel MOS transistor 396 connected in series betWeen 
nodes NAn and NBn, a fuse element 398, and a P channel 
MOS transistor 394 connected in parallel With N channel 
MOS transistor 396 and receiving tuning signal TSIGn. 

[0020] An output of inverter 392 is applied to the gate of 
N channel MOS transistor 396. Node NAn is connected to 
the source of P channel MOS transistor 314 of FIG. 15, and 
node NBn is connected to the drain of P channel MOS 
transistor 314. 

[0021] In a default state Where the fuse is not bloWn off 
and the tuning signal TSIGn is at an L (loW) level, nodes 
NAn and NBn of sWitch circuits 326 are conducted. When 
the tuning signal TSIGn is set to an H (high) level, conduc 
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tion is lost between nodes NAn and NBn, and thus a state is 
established Which is equivalent to the state Where fuse 
element 398 is blown off. 

[0022] SWitch circuits 328 and 330 shoWn in FIG. 16 have 
similar structures as sWitch circuit 326, and therefore, 
description thereof is not repeated. 

[0023] FIG. 18 is a circuit diagram representing a con 
?guration of sWitch circuit 332 shoWn in FIG. 16. 

[0024] Referring to FIG. 18, sWitch circuit 332 includes a 
P channel MOS transistor 402 having its gate connected to 
the ground node and its source coupled to the external poWer 
supply potential EXt.Vcc, an N channel MOS transistor 406 
having its gate connected to the ground node and connected 
betWeen node N31 and the ground node, a fuse element 404 
connected betWeen the drain of P channel MOS transistor 
402 and node N31, N channel MOS transistors 420 and 422 
connected in parallel betWeen node N31 and the ground 
node, and an inverter 410 having an input node connected to 
node N31. 

[0025] A signal BIAS of Which level is constant is applied 
to the gate of N channel MOS transistor 420, and an output 
of inverter 410 is applied to the gate of N channel MOS 
transistor 422. 

[0026] SWitch circuit 332 further includes a pad 408 
receiving the tuning signal TSIGn, an OR circuit 412 
receiving the tuning signal TSIGn and an output of inverter 
410, an inverter 414 receiving and inverting an output of OR 
circuit 412, and a P channel MOS transistor 418 and an N 
channel MOS transistor 416 connected in parallel betWeen 
nodes NAn and NBn. 

[0027] An output of OR circuit 412 is applied to the gate 
of N channel MOS transistor 416, and an output of inverter 
414 is applied to the gate of P channel MOS transistor 418. 

[0028] In the default state Where tuning signal TSIGn is at 
the L level and fuse element 404 is not bloWn off, conduction 
is not established betWeen nodes NAn and NBn in sWitch 
circuit 332. Node NAn of sWitch circuit 332 is connected to 
the source of P channel MOS transistor 320 of FIG. 15, and 
node NBn is connected to the drain of P channel MOS 
transistor 320. 

[0029] A constant current ?oWs through N channel MOS 
transistor 420 because of the potential BIAS. When fuse 
element 404 is bloWn off, the potential of node N31 attains 
to the L level, and in response, conduction is established 
betWeen nodes NAn and NBn. When the tuning signal 
TSIGn is set to the H level, conduction is established.be 
tWeen nodes NAn and NBn, attaining an equivalent state as 
the state Where fuse 404 is bloWn off. 

[0030] FIG. 19 is a block diagram illustrating a con?gu 
ration of a conventional boosted poWer supply circuit gen 
erating a boosted potential provided in a semiconductor 
device. 

[0031] Referring to FIG. 19, in the conventional semicon 
ductor device, When the reference potential Vref to be 
applied to the voltage doWn converter is to be tuned, the 
boosted poWer supply circuit is inactivated. More speci? 
cally, a ring oscillator 332 generating fundamental clock of 
the boosted poWer supply circuit stops its operation in 
response to the tuning signal, so that application of a clock 
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signal (1)0 to a frequency division counter 336 is stopped, and 
input of clock signals 4) and q) to a charge pump 344 is 
stopped. Thus, operation of charge pump 334 is stopped. 

[0032] Frequency division counter 336 divides frequency 
of clock signal (1)0 output from the ring oscillator to provide 
a clock signal 4) for the charge pump 344. A loWer bit of a 
counter value, hoWever, is generally not used. Such a 
counter is often not used While an operation related to setting 
of the fuses is in progress. 

[0033] As described above, at the time of a test, a control 
signal is applied to establish a state equivalent to a state 
Where the fuse is bloWn off, and internal poWer supply 
potential at that time is monitored, so that an optimal 
combination of fuse elements to be bloWn off can be found. 
Generally, the fuse element is bloWn off by a laser beam, 
using a test apparatus used exclusively therefor. 

[0034] When such a laser trimming method is adopted, the 
fuse element is protected by a guard ring or the like so that 
polysilicon or the like bloWn off by the laser beam does not 
affect other circuitry. Therefore, it is impossible in a semi 
conductor device having a laser trimming type redundancy 
circuit to attain uniform shrink around the fuse element. 

[0035] Shrink refers to use of design data of a semicon 
ductor device designed in accordance With the design rule 
Which is dominant presently or in the past With magni?ca 
tion modi?ed to satisfy a corresponding neW design rule to 
address development of neW, more miniaturiZed semicon 
ductor process. Shrink alloWs production of the semicon 
ductor device With smaller chip area While making use of the 
design assets of the past. 

[0036] As the design rule develops, the ratio of the chip 
area occupied by the fuse elements Which cannot be shrunk 
attains relatively high, Which presents a problem to be 
solved. 

[0037] Further, the signal input pad provided in the semi 
conductor device also requires handling different from other 
regions at the time of shrinkage. Generally, in order to tune 
the reference potential Vref, signal input pads for receiving 
tuning signals TSIG1 to TSIG4 as inputs and a monitor pad 
for monitoring the reference potential Vref or the internal 
poWer supply potential int.Vcc are necessary, Which means 
that the number of pads is disadvantageously large. 

SUMMARY OF THE INVENTION 

[0038] An object of the present invention is to provide a 
semiconductor device Which can reduce the number of pads 
necessary for tuning the reference potential Vref, the chip 
area and the time necessary for tuning. 

[0039] Brie?y stated, the present invention provides a 
semiconductor device including a tuning signal generating 
circuit and a reference potential generating circuit. The 
tuning signal generating circuit outputs, in accordance With 
time change of a control signal of a single bit, a tuning signal 
having a plurality of signal bits. The reference potential 
generating circuit receives a ?rst poWer supply potential and 
a second poWer supply potential loWer than the ?rst poWer 
supply potential, and outputs a reference potential in accor 
dance With the tuning signal. 

[0040] Therefore, an advantage of the present invention is 
that the number of pads necessary for tuning the reference 
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potential Vref can be reduced and hence, the chip area of the 
semiconductor device can be reduced. 

[0041] 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 

[0042] FIG. 1 is a schematic block diagram representing 
a con?guration of a semiconductor device 1 in accordance 
With a ?rst embodiment of the present invention. 

[0043] FIG. 2 is a circuit diagram representing a con?gu 
ration of the voltage doWn converter 38 shoWn in FIG. 1. 

[0044] FIG. 3 is a circuit diagram representing a con?gu 
ration of a reference potential generating circuit 52 shoWn in 
FIG. 2. 

[0045] FIG. 4 is a circuit diagram representing a con?gu 
ration of a tuning circuit 70 shoWn in FIG. 3. 

[0046] FIG. 5 is a circuit diagram representing a con?gu 
ration of a tuning circuit 64 of FIG. 3. 

[0047] FIG. 6 is a circuit diagram representing a con?gu 
ration of a voltage doWn converter 130. 

[0048] FIG. 7 is an illustration of a sWitch circuit 18 for 
externally outputting tuning signals TSIG1 to TSIG4. 

[0049] FIG. 8 is a diagram of Waveforms related to the 
operation of voltage doWn converter 130 in accordance With 
a second embodiment. 

[0050] FIG. 9 is a circuit diagram representing a con?gu 
ration of a tuning circuit 200. 

[0051] FIG. 10 is a circuit diagram representing a con 
?guration of a tuning circuit 240. 

[0052] FIG. 11 is a diagram of Waveforms related to the 
operation of the semiconductor device in accordance With a 
third embodiment. 

[0053] FIG. 12 is a schematic diagram representing a 
con?guration of a refresh address counter 25a. 

[0054] FIG. 13 is a circuit diagram representing a con 
?guration using a counter of a boosted poWer supply gen 
erating circuit. 

[0055] FIG. 14 is a circuit diagram representing a con 
?guration of a voltage doWn converter 38a. 

[0056] FIG. 15 is a circuit diagram representing a con 
ventional general voltage doWn converter. 

[0057] FIG. 16 is a circuit diagram representing a con 
?guration of a reference potential generating circuit 300 of 
FIG. 15. 

[0058] FIG. 17 is a circuit diagram representing a detailed 
con?guration of sWitch circuit 326. 

[0059] FIG. 18 is a circuit diagram representing a con 
?guration of a sWitch circuit 332 of FIG. 16. 

[0060] FIG. 19 is a block diagram representing a con?gu 
ration of a boosted poWer supply circuit generating a 
boosted potential provided in a conventional semiconductor 
device. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0061] In the folloWing, embodiments of the present 
invention Will be described in detail With reference to the 
draWings. Throughout the ?gures, the same reference char 
acter denote the same or corresponding portions. 

[0062] First Embodiment 

[0063] FIG. 1 is a schematic block diagram representing 
a semiconductor device 1 in accordance With a ?rst embodi 
ment of the present invention. 

[0064] Referring to FIG. 1, semiconductor device 1 
includes control signal input terminals 2 to 6 receiving 
control signals ext./RAS, ext./CAS and ext./WE, respec 
tively, an address input terminal group 8, an input terminal 
group 14 receiving as an input data signal Din, an output 
terminal group 16 outputting data signal Dout, a ground 
terminal 12 receiving a ground potential Vss, a poWer supply 
terminal 10 receiving a poWer supply potential Ext.Vcc, and 
an input terminal 13 receiving as an input a test control clock 
signal TCLK. 

[0065] Semiconductor device 1 further includes a clock 
generating circuit 22, a roW and column address buffer 24, 
a roW decoder 26, a column decoder 28, a sense ampli?er 
+input/output control circuit 30, a memory cell array 32, a 
gate circuit 18, a data input buffer 20 and a data output buffer 
34. 

[0066] Clock generating circuit 22 generates a control 
clock corresponding to a prescribed operation mode in 
accordance With an external roW address strobe signal 
ext./RAS and an external column address strobe signal 
ext./CAS externally applied through control signal input 
terminals 2 and 4, and controls overall operation of the 
semiconductor device. 

[0067] RoW and column address buffer 24 applies an 
address signal generated from externally applied address 
signals A0 to Ai (i is a natural number) to roW decoder 26 
and column decoder 28. 

[0068] A memory cell array 32 designated by roW decoder 
26 and column decoder 28 communicates data to and from 
the outside through sense ampli?er+input/output control 
circuit 30 and data input buffer 20 or data output buffer 34, 
through input terminal Din or output terminal Dout. 

[0069] Semiconductor device 1 further includes a boosted 
poWer supply circuit 36 boosting the external poWer supply 
potential Ext.Vcc to generate an internal boosted potential 
Vpp, and a voltage doWn converter 38 receiving external 
poWer supply potential Ext.Vcc, and doWn converting the 
received potential to a voltage in accordance With the setting 
of control clock signal TCLK to generate an internal poWer 
supply potential int.Vcc. The boosted poWer supply poten 
tial Vpp Will be a driving potential of a Word line driven by 
roW decoder 26. Internal poWer supply potential int.Vcc is 
applied to internal circuitry including memory cell array 32. 

[0070] Semiconductor device 1 further includes a refresh 
address counter 25 generating and applying to roW decoder 
26 a refresh address in a prescribed period in a refresh mode, 
under control by clock generating circuit 22. 

[0071] Semiconductor device 1 shoWn in FIG. 1 is a 
representative example, and the present invention is also 
















