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SEMICONDUCTOR DEVICE OPERABLE IN A 
PLURALITY OF TEST OPERATION MODES 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a semiconductor 
device, and particularly to a structure for testing the semi 
conductor device. 

[0003] 2. Description of the Background Art 
[0004] For ensuring the reliability of products, various 
tests are performed on semiconductor devices. The tests of 
semiconductor device include a test at a Wafer level and a 
test on a packaged device prior to shipment. For operations 
in various kinds of test modes, the semiconductor device is 
provided With circuit elements corresponding to the respec 
tive test modes. These circuit elements are selectively set to 
appropriate states in accordance With a designated test mode 
so that short-circuiting betWeen internal nodes, change of an 
operation mode and others are performed. The test at the 
Wafer level speci?cally includes a test for determining 
Whether an internally produced reference voltage is set at a 
predetermined voltage level or not, and a performance 
evaluating test for determining Whether internal circuits of 
the semiconductor device satisfy predetermined operation 
characteristics or not. Final tests after packaging speci?cally 
includes a screening test (voltage stress accelerated test) for 
revealing a latent defect. 

[0005] The types of tests made on the semiconductor 
device increase With increase in integration density and 
number of functions of the semiconductor device. Increase 
in number of the types of test modes results in increase in 
number of corresponding circuit elements and therefore 
increase in area of the chip occupied by the circuit elements 
dedicated to the test operations so that the chip area 
increases, and the cost increases. 

[0006] Various test modes are designated by combinations 
of states of a plurality of signals (e.g., WCBR+super VIH+ 
address key). In this case, a designated test mode must be 
accurately determined, and the device must be set to the state 
corresponding to the designated test mode. If the device is 
set to an erroneous test mode state, an intended test could not 
be performed and the performance evaluation of the semi 
conductor device could not be made accurately. 

[0007] Voltage acceleration is performed for accelerated 
tests such as a life test or a screening test of the product In 
the case of the voltage acceleration, the voltage acceleration 
must be performed ef?ciently for reducing a test time. For 
example, if an internal poWer supply voltage is changed in 
accordance With an external poWer supply voltage in a 
semiconductor memory device, an internal voltage higher 
than the internal poWer supply voltage also rises. Therefore, 
the internal poWer supply voltage can be raised only to a 
restricted level because break doWn voltage must be ensured 
in portions receiving the internal voltage. This results in a 
problem that voltage acceleration on all the internal nodes 
cannot be performed ef?ciently. 

[0008] Further, screening must be effected on various 
portions by voltage acceleration for ensuring the reliability. 

SUMMARY OF THE INVENTION 

[0009] An object of the invention is to provide a semi 
conductor device Which alloWs accurate execution of 
intended tests Without increase in chip area. 
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[0010] Another object of the invention is to provide a 
semiconductor device including a test circuit With a high 
circuit utiliZing ef?ciency. 

[0011] A further object of the invention is to provide a 
semiconductor device alloWing accurate setting of intended 
test modes. 

[0012] Still another object of the invention is to provide a 
semiconductor device in Which voltage stress acceleration 
can be ef?ciently performed on an intended node. 

[0013] According to the invention, a semiconductor 
device includes a circuit for generating ?rst and second 
internal test mode instructing signals in response to an 
externally applied test mode instructing signal; a circuit for 
taking in an externally applied address signal and generating 
a test address signal in response to the ?rst internal test mode 
instructing signal; and a test mode activating circuit for 
operating in accordance With the second internal test mode 
instructing signal and the test address signal to generate a 
test mode select signal for activating a test mode designated 
by the test address signal among a plurality of test modes. 

[0014] The test address signal generating circuit includes 
a circuit for initialiZing the test address signal to a state 
different from the state for selecting one of the plurality of 
test modes. 

[0015] By initialiZing the test address signal to the state 
different from the test mode instructing state, an intended 
test mode can be accurately activated even if the plurality of 
signals are varied in timing. 

[0016] Further, by utiliZing a tuning signal line in another 
test mode, the circuit utiliZing ef?ciency is improved, and 
the area of the chip occupied by the test circuit is reduced. 

[0017] By transmitting an internal voltage other than a 
sense poWer supply voltage to a sense poWer supply node of 
sense ampli?ers, it is possible to perform voltage stress 
acceleration on each node of the sense ampli?ers at a desired 
speed in a test operation mode. 

[0018] 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 

[0019] FIG. 1 schematically shoWs a Whole structure of a 
semiconductor device according to the invention; 

[0020] FIG. 2A schematically shoWs a structure of a main 
portion of the semiconductor device according to an 
embodiment 1 of the invention, and FIG. 2B shoWs opera 
tion Waveforms of the circuit shoWn in FIG. 2A; 

[0021] FIG. 3 schematically shoWs an exemplary struc 
ture of a test mode activating circuit shoWn in FIG. 2A; 

[0022] FIG. 4 shoWs an exemplary structure of a test 
mode setting signal generating circuit shoWn in FIG. 2A; 

[0023] FIG. 5 shoWs a structure of a test mode register 
circuit shoWn in FIG. 2A; 

[0024] FIG. 6 shoWs another structure of the test mode 
register circuit shoWn in FIG. 2A; 
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[0025] FIG. 7A shows another structure of the test mode 
setting signal generating circuit shoWn in FIG. 2A, and FIG. 
7B shoWs operation Waveforms of a test mode setting circuit 
shoWn in FIG. 7A; 

[0026] FIG. 8 shoWs still another embodiment of the test 
mode setting signal generating circuit shoWn in FIG. 2A; 

[0027] FIG. 9 shoWs another structure of the test mode 
register circuit shoWn in FIG. 2A; 

[0028] FIG. 10 schematically shoWs a structure of a 
circuit generating a reset signal shoWn in FIGS. 3, 5 and 6; 

[0029] FIG. 11 schematically shoWs a structure of a main 
portion of a semiconductor device according to an embodi 
ment 2 of the invention; 

[0030] FIG. 12 shoWs an exemplary a structure of a 
trimmable reference voltage generating circuit shoWn in 
FIG. 11; 

[0031] FIG. 13 shoWs a structure of a tuning mode setting 
signal generating circuit shoWn in FIG. 11; 

[0032] FIG. 14 shoWs a structure of a different test mode 
instructing signal generating circuit shoWn in FIG. 11; 

[0033] FIG. 15 shoWs a structure of a different test mode 
setting signal generating circuit shoWn in FIG. 11; 

[0034] FIG. 16 shoWs a structure of the trimmable refer 
ence voltage generating circuit shoWn in FIG. 11; 

[0035] FIG. 17 shoWs another structure of the trimmable 
reference voltage generating circuit shoWn in FIG. 11; 

[0036] FIG. 18 schematically shoWs another structure of 
the semiconductor device according to the embodiment 2 of 
the invention; 

[0037] FIG. 19 schematically shoWs a Whole structure of 
a semiconductor device according to an embodiment 3 of the 

invention; 

[0038] FIG. 20 schematically shoWs a structure of a main 
portion of the semiconductor device shoWn in FIG. 19; 

[0039] FIG. 21 shoWs an exemplary a structure of a sense 
poWer supply circuit shoWn in FIG. 19; 

[0040] FIG. 22 shoWs an exemplary a structure of a 
control circuit shoWn in FIG. 19; 

[0041] FIG. 23 schematically shoWs a structure of a 
burn-in mode instructing signal generating circuit; 

[0042] FIG. 24 shoWs a structure of a sense ampli?er 
shoWn in FIG. 20; 

[0043] FIG. 25 shoWs another structure of a main portion 
of a semiconductor device according to an embodiment 3 of 

the invention; 

[0044] FIG. 26 is a signal Waveform diagram representing 
an operation of the semiconductor device shoWn in FIG. 25; 

[0045] FIG. 27 schematically shoWs a structure of a 
portion generating a control signal (PB shoWn in FIG. 25; 

[0046] FIG. 28 schematically shoWs a structure of a bit 
line isolation instructing signal generating portion shoWn in 
FIG. 25; 
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[0047] FIG. 29 schematically shoWs a structure of a 
portion generating a control signal (])A shoWn in FIG. 25; 

[0048] FIG. 30 schematically shoWs another structure of 
the portion generating control signal (PA; 

[0049] FIG. 31 schematically shoWs a structure of a 
modi?cation of a main portion of the semiconductor device 
shoWn in FIG. 25; 

[0050] FIG. 32 is a signal Waveform diagram representing 
an operation of a modi?cation 2 of the semiconductor device 
according to the embodiment 3 of the invention; 

[0051] FIG. 33 schematically shoWs a structure of a bit 
line isolation instructing signal generating portion shoWn in 
FIG. 32; 

[0052] FIG. 34 schematically shoWs a structure of a main 
portion of a modi?cation 3 of the semiconductor device 
according to the embodiment 3 of the invention; 

[0053] FIG. 35 schematically shoWs a structure of a 
portion generating a control signal shoWn in FIG. 34; 

[0054] FIG. 36 schematically shoWs a structure of a 
portion implementing operation Waveforms shoWn in FIG. 
32; and 

[0055] FIG. 37 schematically shoWs a structure of a main 
portion of a modi?cation 4 of the semiconductor device 
according to the embodiment 3 of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0056] FIG. 1 schematically shoWs a Whole structure of a 
semiconductor device according to the invention. In FIG. 1, 
a semiconductor device 1 includes an internal circuit 1a 
implementing predetermined functions, a test mode instruct 
ing signal generating circuit 1b Which generates a test mode 
instructing signal in accordance With an externally applied 
signal Sext, and a test mode setting signal generating circuit 
1c Which generates a test mode setting signal for setting 
internal circuit 1a to a test mode instructed in accordance 
With test mode instructing signal from test mode instructing 
signal generating circuit 1b. 

[0057] Externally applied signal Sext is usually formed of 
multiple bits, and designates a speci?c test mode in accor 
dance With a combination of logic states of the multiple bits. 
Test mode setting signal generating circuit 1c generates a 
test mode setting signal for placing internal circuit 1a in the 
test mode designated in accordance With the test mode 
instructing signal from test mode instructing signal gener 
ating circuit 1b. 

[0058] Semiconductor device 1 further includes an inter 
nal poWer supply circuit 1a' which receives an externally 
supplied poWer supply voltage Vex and generates an internal 
voltage Vin. Internal circuit 1a is supplied With internal 
voltage Vin from internal poWer supply circuit id and 
external poWer supply voltage Vex. Internal voltage Vin 
supplied from internal poWer supply circuit 1d may be an 
operation poWer supply voltage of internal circuit 1a, a high 
voltage higher than the operation poWer supply voltage or a 
negative voltage. 

[0059] In the semiconductor device shoWn in FIG. 1, 
external signal Sext is set to a predetermined state, Whereby 
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the test mode is speci?ed. Test mode instructing signal 
generating circuit 1b generates a test mode instructing 
signal, instructing the speci?ed test mode to test mode 
setting signal generating circuit 1c. Test mode setting signal 
generating circuit 1c places internal circuit 1a in the test 
state in accordance With the test mode instructing signal, and 
the test operation of internal circuit 1a is performed under 
this state. 

[0060] Test mode instructing signal generating circuit 1b 
and test mode setting signal generating circuit 1c form a test 
mode setting circuit 16. Internal circuit 1a is set to the state 
in Which it can operate in the speci?ed test mode, by test 
mode setting circuit 16 in accordance With externally applied 
signal Sext. 

[0061] In this test mode setting circuit 16, test mode 
setting signal generating circuit 1c arranged therein is com 
monly used for a plurality of test modes. Test mode setting 
signal generating circuit 1c produces the test mode setting 
signal for accurately setting internal circuit 1a to the test 
mode state designated in accordance With the external 
signal, When test mode instructing signal generating circuit 
1b is active. 

[0062] Test mode setting signal generating circuit 1c sets 
internal circuit 1a to the state for ef?ciently performing the 
voltage acceleration. Respective structures Will noW be 
described beloW. 

Embodiment 1 

[0063] FIG. 2A schematically shoWs a structure of a main 
portion of a semiconductor device according to an embodi 
ment 1 of the invention. More speci?cally, FIG. 2A sche 
matically shoWs a structure of the test mode setting circuit 
shoWn in FIG. 1. In FIG. 2A, test mode instructing signal 
generating circuit 1b includes a test mode activating circuit 
1ba Which asserts a test address setting signal TDS, i.e., a 
?rst test mode instructing signal and a test mode address 
de?ning signal TMAS, i.e., a second internal test mode 
instructing signal When externally applied signal EX is set to 
a predetermined state, a test mode register circuit 1bb Which 
takes in and latches an externally applied test address signal 
bit TADB in accordance With test address setting signal TDS 
from test mode activating circuit 1ba for generating an 
internal test address signal bit ADi. 

[0064] Test mode setting signal generating circuit 1c is 
enabled in response to activation of test mode address 
de?ning signal TMAS from test mode activating circuit 1ba, 
and generates test mode setting signal MODE in accordance 
With internal test address signal bit ADi received from test 
mode register circuit 1bb. In the test mode, internal test 
address signal bit ADi is deactivated or deasserted, and test 
mode register circuit 1bb is initialiZed to the state for 
deactivating test mode setting signal MODE. NoW, opera 
tion of the test mode setting circuit shoWn in FIG. 2A Will 
be described With reference to a signal Waveform diagram 
shoWn in FIG. 2B. 

[0065] When external signal EX is set to a super VIH 
Which is a voltage level higher than the H-level of voltage 
applied in a normal mode, test mode activating circuit 1ba 
determines that the test mode is designated, and activates 
test mode address de?ning signal TMSA. Upon elapsing of 
a predetermined time period, test mode activating circuit 
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1ba activates test address setting signal TDS in a one-shot 
pulse form for application to test mode register circuit 1bb. 
In accordance With test address setting signal TDS, test 
mode register circuit 1bb takes in and latches externally 
applied test address signal bit TADD for setting internal test 
address signal bit ADi to the state corresponding to the state 
of externally applied test address signal bit TADD. 

[0066] Since internal test address signal bit ADi is initially 
inactive, test mode setting signal generating circuit 1c main 
tains test mode setting signal MODE inactive even When test 
mode address de?ning signal TMSA is activated. When 
internal test address signal bit ADi is set to a predetermined 
state in accordance With externally applied test address 
signal bit TADD, test mode setting signal generating circuit 
1c drives test mode setting signal MODE to the active state. 

[0067] Accordingly, even if external signal EX and test 
address signal bit TADD are made de?ned at different 
timings, mode setting signal MODE for setting an intended 
test mode can be activated accurately as shoWn in FIG. 2B, 
and activation of an erroneous test mode setting signal can 
be prevented. 

[0068] Test address signal bit TADD is a signal applied to 
the address input pad, and is an address signal bit applied to 
an address input buffer included in an internal circuit (not 

shoWn). 
[0069] FIG. 3 schematically shoWs a structure of test 
mode activating circuit 1ba shoWn in FIG. 2A In FIG. 3, 
test mode activating circuit 1ba includes a high voltage 
detecting circuit 10a for detecting that a speci?c external 
signal EXa satis?es the super VIH condition, a set/reset 
?ip-?op 10b Which is set When an output signal TEST of 
high voltage detecting circuit 10a is activated and is reset 
When reset signal RST is activated, an inverting delay circuit 
10c Which inverts and delays by a predetermined time the 
output signal of high voltage detecting circuit 10a, and an 
NOR circuit 10d Which receives the output signal of invert 
ing delay circuit and output signal TEST of high voltage 
detecting circuit 10a. Set/reset ?ip-?op 10b generates test 
mode address de?ning signal TMAS from its output Q, and 
NOR circuit 10d generates test address setting signal TDS. 

[0070] High voltage detecting circuit 10a generates the 
signal at H-level When externally applied speci?c signal 
EXa is set to the voltage condition of a voltage level higher 
than that in the normal mode. High voltage detecting circuit 
10a is formed of a circuit With a plurality of diode-connected 
MOS transistors, for example. Set/reset ?ip-?op 10b drives 
signal TMAS from its output Q to the active state of H-level 
When output signal TEST of high voltage detecting circuit 
10a rises to H-level. Inverting delay circuit 10c and NOR 
circuit 10d form a detecting circuit Which generates a pulse 
of one shot in response to falling of the input signal, and 
drives its output signal TDS to the active state of H-level for 
a predetermined time period in response to falling of output 
signal TEST of high voltage detecting circuit 10a. 

[0071] With the structure shoWn in FIG. 3, signals shoWn 
in FIG. 2B can be produced. In the structure shoWn in FIG. 
3, high voltage detecting circuit 10a may include a structure 
of a one-shot pulse generating circuit Which generates a 
pulse signal of one shot When speci?c external signal EXa 
is set to the super VIH condition. As an alternative to high 
voltage detecting circuit 10a, an ordinary circuit for detect 
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ing a WCBR (Write enable, CAS before RAS) condition may 
be used, if the semiconductor device is a dynamic semicon 
ductor memory device. Reset signal RST is driven to the 
active state When the test mode is completed or before start 
of the test mode. 

[0072] FIG. 4 shoWs a structure of test mode setting signal 
generating circuit 1c shoWn in FIG. 2A. In FIG. 4, test 
mode setting signal generating circuit 1c includes an NAN D 
circuit 11a Which receives test mode address de?ning signal 
TMAS from test mode activating circuit 1ba and internal 
address signal bit ADi (or ZADi), and an inverter 11b 
inverting the output signal of NAND circuit 11a. Inverter 
11b generates mode setting signal MODE activating a 
designated test mode. The value (logical level) of internal 
address signal bit ADi (or ZADi) applied to NAND circuit 
11a depends on the test mode. In the standby state (initial 
iZed state), the output signal of test mode register circuit 1bb 
shoWn in FIG. 2A is set to a logical level for placing mode 
setting signal MODE in the inactive state. 

[0073] FIG. 5 shoWs a structure of a test mode register 
included in test mode register circuit 1bb shoWn in FIG. 2A. 
In FIG. 5, the test mode register includes a tristate inverter 
buffer 12a Which is enabled to invert and transmit externally 
applied address signal bit TADD When test mode address 
setting signals TDS and ZTDS are active, an inverter 12b 
Which inverts the output signal of tristate inverter buffer 12a, 
an inverter 12c Which inverts the output signal of inverter 
12b for transmission to the input of inverter 12b, an inverter 
12d Which inverts the output signal of inverter 12c to 
produce internal test address signal bit ADi, and an inverter 
126 Which inverts the output signal of inverter 12d to 
produce complemental internal test address signal bit ZADi. 
Inverters 12b and 12c form a latch circuit. 

[0074] This test mode register further includes an n-chan 
nel MOS transistor 12f Which is turned on in response to 
reset signal RST to discharge the input of inverter 12b to the 
ground potential level, and a stabiliZing capacitance 12g 
Which is formed of a p-channel MOS transistor for stabiliZ 
ing the voltage on the input of inverter 12b. For the 
folloWing reason, the p-channel MOS transistor is used as 
stabiliZing capacitance 12g. In the initialiZed state, the input 
of inverter 12b attains L-level so that the channel of the 
transistor is formed and the capacitance is stably formed. 
The MOS transistor is off and does not form a PMOS 
capacitor When it receives a signal at H-level from tristate 
inverter buffer 12a. Accordingly, the voltage on the input of 
inverter 12b can be changed rapidly oWing to the employ 
ment of the p-channel MOS transistor. 

[0075] In the structure of the test mode register shoWn in 
FIG. 5, true internal test address signal bit ADi is set to 
H-level in the initialiZed state. This state Will be referred to 
as an “H-reset state” hereinafter. The test mode may be 
activated When test address signal bit ADi is set to L-level, 
in Which case the true address signal bit ADi is used. 
Alternatively, the test mode may be activated When corre 
sponding test mode address TADD is set to L-level. In this 
case, complemental test address signal bit ZADi is used. 
Thereby, erroneous setting of the mode setting signal can be 
reliably prevented in the initialiZed state (standby state). 

[0076] FIG. 6 shoWs another structure of the test mode 
register included in the test mode register circuit shoWn in 
FIG. 2A. In FIG. 6, the test mode register includes a tristate 
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inverter buffer 14a enabled in response to activation of test 
mode address setting signals TDS and ZTDS, for inverting 
externally applied test mode address signal bit TADD, an 
inverter 14b inverting the output signal of tristate inverter 
buffer 14a, an inverter 14c inverting the output signal of 
inverter 14b for application to the input of inverter 14b, an 
inverter 14d inverting the signal on the input of inverter 14b 
to produces a true internal test address signal bit ADj, and an 
inverter 14e inverting the output signal of inverter 14d to 
produces a complemental internal test address signal bit 
ZADj. Inverters 14b and 14c form the latch circuit. 

[0077] This test mode register further includes a p-channel 
MOS transistor 14f turned on to set the input of inverter 14b 
to the level of poWer supply voltage Vdd When reset signal 
ZRST is active, and a stabiliZing capacitance 14g formed of 
a p-channel MOS transistor and arranged at the output of 
inverter 14b. In the test mode register shoWn in FIG. 6, the 
input of inverter 14b is initialiZed to H-level by MOS 
transistor 14f, and true internal test address signal bit ADj is 
set to and held at L-level When test mode address setting 
signal TDS is inactive. Complemental internal test address 
signal bit ZADj is held at H-level. The state in Which true 
address signal bit ADj is reset to L-level during standby Will 
be referred to as an “L-reset state” hereinafter. 

[0078] When true address signal bit ADj is set to H-level 
in the above structure, the true internal test address signal bit 
is applied to the test mode setting circuit setting an operation 
to a corresponding test mode. 

[0079] Referring to FIG. 7A, the test mode setting signal 
generating circuit includes an NAND circuit 11aa receiving 
test mode address de?ning signal TMAS and test address 
signal bit ZADi, NAND circuit 11ab receiving test mode 
address de?ning signal TMAS and test address signal bit 
ADj, an inverter 11ba receiving the output signal of NAND 
circuit 11a, to generate a test mode setting signal MODEA, 
and an inverter 11bb receiving the output signal of NAND 
circuit 11ab, to generate a test mode setting signal MODEB. 
Test address signal bit ZADi is applied from the H-reset 
register shoWn in FIG. 5, and test address signal bit ADj is 
applied from the L-reset register shoWn in FIG. 6. Then, the 
operation of the test mode setting signal generating circuit 
shoWn in FIG. 7A Will be described beloW With reference to 
a signal Waveform diagram of FIG. 7B. 

[0080] When test mode address de?ning signal TMAS 
attains H-level, NAND circuits 11aa and 1141b are enabled. 
In this state, externally applied test address signal bits 
TADDi and TADDj are set to predetermined states (L-level), 
respectively. HoWever, test mode address setting signal TMS 
is still inactive at L-level, and the corresponding mode 
register still maintains the initial state (standby state) so that 
internal test address signal bit ZADi maintains L-level, and 
test address signal bit ADj maintains L-level. Therefore, 
even if test mode address de?ning signal TMAS is asserted 
in this state, both test mode setting signals MODEA and 
MODEB are inactive at L-level. 

[0081] When test mode setting signal TMS is in the active 
state of H-level for a predetermined time period, internal test 
address signal bits ADj and ZADi are set to the states 
corresponding to externally applied test address signal bits 
TADDj and TADDi, respectively. Since externally applied 
test mode address signal bits TADDi and TADBj are both at 
L-level, complemental internal test address signal bit ZADi 
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rises to H-level, and true internal test address signal bit ADj 
maintains L-level. Therefore, test mode setting signal 
MODEA attains H-level, and test mode setting signal 
MODEB maintains L-level. 

[0082] As described above, the logical level of the initial 
state (standby state) of the mode register is set in accordance 
With the logic local of the activated state of an address signal 
bit used for setting the corresponding test mode, Whereby an 
intended test mode can be accurately set even When the 
external signals vary in timing. 

[0083] FIG. 8 shoWs another structure of the test mode 
setting signal generating circuit. In FIG. 8, test mode setting 
signal generating circuit includes an NAND circuit 11c 
receiving test address signal bits ADj, ZADj and ZADk, and 
an inverter 11d receiving the output signal of NAND circuit 
11c, to generate a test mode setting signal MODEC. Test 
address signal bit ADi is generated from the L-reset register 
shoWn in FIG. 6, and test address signal bits ZADj and 
ZADk are applied given from the H-reset register shoWn in 
FIG. 5. Test mode setting signal MODEC is activated When 
all test address signal bits ADi, ZADj and ZADk are set to 
H-level. In the initialiZed state (standby state), test address 
signal bits ADi, ZADj and ZADk are set to L-level. There 
fore, the initialiZed state is different from the state in Which 
test mode setting signal MODEC is activated, and erroneous 
activation of test mode setting signal MODEC can be 
prevented, as can also be done in the foregoing embodiment. 

[0084] In the structure shoWn in FIG. 8, test address signal 
bits ADi, ZADj and ZADk are all set to L-level. HoWever, 
at least one bit of test address signal bits ADi, ZADj and 
ZADk may be reset to L-level in the initialiZed state 
(standby state). For example, test mode address signal bits 
ADi may be initialiZed to L-level, and test mode address 
signal bits ZADj and ZADk may be initialiZed to H-level. 
Test address signal bits ADi, ZADj and ZADk are only 
required to be in the states of Which combination is different 
from that of the signal states activating test mode setting 
signal MODEC. 

[0085] In this structure, it is not required to provide the 
H-reset register and L-reset register for each test address 
signal bit for all the test mode setting signals. Therefore, the 
mode registers can be small in number, and the area occu 
pied by the circuit can be reduced. 

[0086] FIG. 9 shoWs another structure of test mode reg 
ister circuit 1bb. In FIG. 9, L-reset register 14 and H-reset 
register 12 are provided for test address signal bit TADDi. 
Internal test address signal bit ADi from L-reset register 14 
is used for designating a test mode D. Complemental inter 
nal test address signal bit ZADi from H-reset register is used 
for designating a test mode A. 

[0087] As shoWn in FIG. 9, L-reset register 14 and H-reset 
register 12 are provided for one test mode address signal bit 
TADDi, and test address signal bits ADi and ZADi there 
from are used, Whereby one address signal bit can be used 
for tWo test modes (A and D), and the test mode can be 
accurately designated, as can also be done in the foregoing 
case. 

[0088] FIG. 10 schematically shoWs a structure of the 
reset signal generating portion. In FIG. 10, the reset signal 
generating portion includes a poWer-on detecting circuit 16 
for generating a pulse signal of one-shot When the poWer 
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supply voltage becomes stable after poWer-on, a test mode 
end detecting circuit 18 detecting Whether a signal repre 
senting the end of a test mode is applied or not, and an OR 
circuit 19 receiving an output signal POR of poWer-on 
detecting circuit 16 and an output signal EOT of test mode 
end detecting circuit 18. OR circuit 19 generates reset signal 
RST. PoWer-on detecting circuit 16 stops the operation of the 
internal circuitry until the poWer supply voltage becomes 
stable after poWer-on, and generates a poWer-on reset signal 
POR for resetting at the time of poWer-on so that the 
respective nodes for the operation of the internal circuitry 
may be set to the initial states. In the chase Where the 
semiconductor device is, for example, a semiconductor 
memory device, test mode end detecting circuit 18 detects 
the CBR (CAS before RAS) condition, and generates a test 
mode end detection signal EOT of a one-shot pulse. Accord 
ingly, upon poWer-on and the end of test mode, reset signal 
RST is set to the active state of H-level for a predetermined 
period, and mode register circuit 1bb is reset to the prede 
termined state (i.e., is initialiZed). 

[0089] The reset signal generating portion of the structure 
shoWn in FIG. 10 may include a test mode entry detecting 
circuit so that the reset signal may be generated every entry 
into the test mode. In this case, the test mode entry detecting 
circuit may be con?gured to determine that the test mode 
entry is instructed When the WCBR condition is satis?ed, to 
generate the reset signal, if the semiconductor device is a 
semiconductor memory device. Each mode register can be 
reliably set to the initial state. 

[0090] The description has been given on the structure for 
designating the test mode. HoWever, the mode register may 
be used for designating a speci?c operation mode of the 
semiconductor device. 

[0091] According to the embodiment 1 of the invention, as 
described above, the initial states of the internal address 
signal bits used for setting an operation mode are different 
from the activated states of internal address signal bits. 
Therefore, the timing conditions can be relaxed, and an 
intended operation mode can be accurately set. 

Embodiment 2 

[0092] FIG. 11 schematically shoWs a structure of a main 
portion of a semiconductor device according to an embodi 
ment 2 of the invention. In the semiconductor device shoWn 
in FIG. 11, internal circuit 1a includes a trimmable refer 
ence voltage circuit laa generating a reference voltage Vref. 

[0093] The voltage level of reference voltage Vref gener 
ated by trimmable reference voltage generating circuit laa 
can be adjusted by fuse elements, i.e. bloWable link ele 
ments. 

[0094] Test mode setting circuit 16 includes a tuning mode 
setting signal generating circuit 21a for generating a tuning 
mode setting signal TUNE representing designation of a 
tuning mode When external signal Sext is set to a predeter 
mined state, a tuning signal generating circuit 21b enabled 
in response to activation of tuning mode setting signal 
TUNE from tuning mode setting signal generating circuit 
21a, to take in the signal applied to a pad 21a' for application 
onto an internal tuning signal line 21c as a tuning signal SW, 
a different test mode instructing signal generating circuit 216 
Which determines that a different test mode is instructed 
























