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(7) ABSTRACT

A temperature sensing circuit has numerous trip points in
conformity with a temperature change without adding
decrease resistance branches, so as to obtain a fine control
based on the temperature change. Accordingly, when
employed in a semiconductor memory device, the tempera-
ture sensing circuit substantially reduces the consumption of
refresh electrical power in a stand-by state without decreas-
ing the reliability of the semiconductor memory device.
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FIG.1(PRIOR ART)

' |
o
o~ or1 | DA — §L>OUT ‘|
ll N3 |[i MNZ_ l@‘\n . il
| - A \_-B |
- |

| i-lr lIO
. | |
RIES |
| D2 D1 |
iy
Lo |
L -

FIG.2(PRIOR ART)

>T'




Patent Application Publication Apr. 7,2005 Sheet 2 of 11 US 2005/0074051 A1

FIG.3(PRIOR ART)

» T

45C



Patent Application Publication Apr. 7,2005 Sheet 3 of 11

US 2005/0074051 A1
FIG.4
w |
!MPsh MP]ZHD-— MP1  OP1 \
100\'\| OTl'QA ORef- ¥ OUT!
r— =P W
iy O Ir 10 |
160 l l C . ! ! |
‘- | L_____. _______ D2 D1 |
PTUS >——|[TRS . | Srus .l Nm_ _1 | SEF/ \
P’I‘U4>—|i——|TR4I . SRU5 l‘ A _
P’TUS)—"e—{TRS' - RU4 |
PTU2 > | ¥
| >—1|—{TR2| | RU3 l/ e
PTUL —{[IRL| | SRU2 |
PIUO)—!——lTROI | Sru1 | l
| | No2 |



Patent Application Publication Apr. 7,2005 Sheet 4 of 11

US 2005/0074051 A1
Ila  12a . |
IT 11""-‘\:"'} IR
I1b |
e b
12p > .
: \\\\\ »T .

FIG.

i

6 -

OU2b~. "7 T 7T i o2
PR [ N a

Ulb--_." i 4 1=

0 | i E “---0Ula

oUT—A1Y |

» T

45C



US 2005/0074051 A1

Patent Application Publication Apr. 7,2005 Sheet 5 of 11

ol

el —
| T 1asm
. JFINNOD | . |I¥vd 1ndIN0
h t—— JOLVTIIIS0 [ ]
D <— HSREW | 250 | oo [T g
T T T T
005 oo 1 MO 00€ v
LIN0AT9 | o | WSNES | NE mSEﬁ%
L o] 0300 —— L VD
psauamy  |Noogw |10 AKOREN) ALl o o | ONIINYS
. PR
009 - 00L o) e
o1
RIS




Patent Application Publication Apr. 7,2005 Sheet 6 of 11 US 2005/0074051 A1

200
M\ 210-1
. o/
206
o) —~ PTUO
202 204 210-2
N S P A
206
' = PTUL
T 202 200 |
| 206
>- N Pz PTUO
202 204 :
T e
‘ : : EN
206

I _ PTUn
>- (D] ° PTUn




Patent Application Publication Apr. 7,2005 Sheet 7 of 11 US 2005/0074051 A1

FIG.9




Patent Application Publication Apr. 7,2005 Sheet 8 of 11 US 2005/0074051 A1

FIG.10

300

\,\

~T1 | __~T2 | _~T13
T QM T Qj T Qj

ouT ——>CK > CI%{ b CK

PG1 L‘ PG2 Ll PG3
IN1 :
: LATCH LATCH LATCH

VCC >

—=RCQO —RCQL —RCQ2

OUT

RCQO ,
RCQ1 0 0 [ 1 T
'ROQ2 0 0 0. 0




Patent Application Publication Apr. 7,2005 Sheet 9 of 11 US 2005/0074051 A1

FI1G.12
400
a
RCQO ROQL --- - ROQ(n-1)
I WLW
[ s INI2
KR Rn % %TOSC

IN10 IN11 I C1




Patent Application Publication Apr. 7,2005 Sheet 10 of 11 US 2005/0074051 A1

FI1G.13

400a

— 0SC

ROQS5 >—{ R7  RCQ(n-1) ™ Rn )




Patent Application Publication Apr. 7,2005 Sheet 11 of 11 US 2005/0074051 A1

FIG.14

500

0SC y——>CK CK >CK | —> - -

\
510 Q0 o511 g1 512 Q2 .- -



US 2005/0074051 Al

TEMPERATURE SENSING CIRCUIT FOR USE IN
SEMICONDUCTOR INTEGRATED CIRCUIT

CROSS REFERENCES TO RELATED
APPLICATIONS

[0001] This application claims priority under 35 US.C. §
119 from Korean Patent Application 2003-69069, filed on
Oct. 6, 2003, the contents of which are hereby incorporated
by reference in their entirety for all purposes as if fully set
forth herein.

BACKGROUND AND SUMMARY
[0002] 1. Technical Field

[0003] The present invention relates to a temperature
sensor. More particularly, the present invention relates to a
temperature sensor circuit for use in a semiconductor inte-
grated circuit.

[0004] 2. Description of the Related Art

[0005] Various semiconductor devices embodied with
integrated circuit chips, such as CPUs, memories and gate
arrays etc., are incorporated in various electrical products
such as portable personal computers, Personal Digital Assis-
tants (PDAs), servers or workstations. While these electrical
products have a sleep mode for saving electrical power, most
circuit components become a turn-off state. However, a
Dynamic Random Access Memory (DRAM) as a volatile
memory should refresh data of memory cells by itself in
order to continuously preserve the data stored in the memory
cells. The self-refresh operation requires self-refresh elec-
trical power in the DRAM. Meanwhile, however, reducing
the electrical power in a battery operated system requiring a
lower electrical power is very important and critical.

[0006] One technique to reduce the electrical power
needed for the self-refresh is to change the refresh cycle in
conformity with the temperature. The data preservation time
in a DRAM becomes longer at reduced temperatures. Thus,
the temperature range is divided into several regions, and the
frequency of the refresh clock is lowered relatively at a low
temperature region, to thus reduce the consumption of
electrical power. Herewith, in order to obtain an internal
temperature of a DRAM, a built-in temperature sensor
having low electrical power consumption is required.

[0007] FIG. 1 illustrates a circuit configuration of a con-
ventional temperature sensor using a band-gap reference
circuit. Referring to FIG. 1, a temperature sensor 100
comprises a current mirror type differential amplifier DA, a
decrease resistance (R1) branch in which the current
decreases with an increase in temperature, an increase
resistance (R) branch in which the current increases with an
increase in temperature, and a comparator OP1 for output-
ting as a comparison output signal OUT a comparison result
between a reference temperature ORef and a sense tempera-
ture OT1. P-type MOS transistors MP1, MP2, MP3 have a
size ratio of 1:1:1, and N-type MOS transistors MN1, MN2,
MN3 also have a size ratio of 1:1:1, wherein the size
indicates the product of the channel length L. and the gate
width W.

[0008] The temperature sensor shown in FIG. 1 operates
as follows. A current of 10:Ir=1:1 flows by a current mirror
operation of the PMOS transistors MP1,MP2 and the NMOS
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transistors MN1,MN2 equipped within the differential
amplifier DA, and the voltages at the branches A, B have the
same level.

[0009] A current equation for a turn-on section in a general
junction diode becomes I=Is{e™V™VO_1}~Is*eVPVD),
wherein Is indicates a reverse saturation current, VD is a
diode voltage, and VT is kT/q and indicates a thermal
voltage.

[0010] Voltages appearing in the branches A, B are the
same as cach other, thus VA=VB=VD1=VD2+Ir*R. Also,
10=Is, *¢ VPO VD1=VT*In(10/Is,).

[0011] Further, since Ir=Is,*¢™P*¥YD—-VD2=VT*In(Ir/
Is,)=VT*In(I10/1S,)=VT*In(I0/M*Is, ), where M is a natural
number indicating a size ratio of the diodes D2 and D1, i.c.,
M=(size of D2)/(size of D1).

[0012] Therefore, VD1=VD2+Ir*R becomes VT*In(10/
Is,)=VT*In(I0/M*Is)+Ir*R.

[0013] That is, Ir=VT*In(M)/R. Accordingly, a current
proportional to the temperature flows at the branch A. In
addition, when a similar amount of current flows in I1 and
10, a voltage VC of branch C is about equal to a value of VB,
and therefore VC=VD1=VT*In(10/Is).

[0014] In general, the reverse saturation current Is
increases greatly in comparison with VT, according to the
increase of temperature, thus a diode voltage has a charac-
teristic of a reduction based on a temperature. In other
words, since VC is reduced by the temperature increase, 11
is reduced by increasing temperature.

[0015] Hence, a resistance value of the resistor R1 of the
decrease resistance (R1) branch is tuned so that a value of Ir
and I cross at a specific temperature T1 as shown in FIG.
2. The temperature sensor 100 of FIG. 1 functions as a
temperature sensor designed to have a trip point at the
specific temperature T1. FIG. 2 is a graph showing a
temperature-to-current change that appears in the resistance
branches by operation of the temperature sensor of FIG. 1.
In FIG. 2, if the specific temperature T1 is, e.g., 45° C., an
output signal OUT outputted from the comparator OP1
within the temperature sensor 100 is provided as a waveform
OUT as shown in FIG. 3. FIG. 3 illustrates an output
waveform of the comparator through an operation of the
temperature sensor of FIG. 1.

[0016] In applying a general built-in temperature sensor
shown in FIG. 1 to a semiconductor memory device such as
a DRAM, a temperature tuning operation is performed on
the temperature sensor. Accordingly, devices constituting
the temperature sensor have a characteristic sensitive to a
manufacturing process change so as to change the trip point.
The temperature tuning process wherein the changed trip
point is matched to a designed temperature point, is gener-
ally performed for every separate chip at a wafer level; and
a process of detecting a shift temperature shifted by the
manufacturing process change, and an operation of perform-
ing a temperature trimming through a cutting of device such
as a fuse etc., are executed sequentially.

[0017] Herewith, the temperature sensor of FIG. 1 has
only one decrease resistance branch, thus there is only a trip
point for one specific temperature. Thus, refresh cycles
controlled by a temperature provided before/after a specific
temperature have a remarked difference. For example, if the



US 2005/0074051 Al

specific temperature is 45° C., the refresh cycle is relatively
lengthened from 1° C. to 44° C., but is relatively shortened
at 46° C. that is a temperature greater than the trip point.

[0018] Thus, in order to mitigate the remarked difference
of the refresh cycles at temperatures greater than, and less
than, the specific temperature, a separate decrease resistance
branch is connected in parallel with the decrease resistance
branch of the temperature sensor in the prior art. For
instance, in order that the temperature sensor has two trip
points, another branch should be arranged in parallel with
the branch C of FIG. 1, and the branch should be connected
to a resistance. Hence, resistance branches corresponding to
the necessary number of trip points are installed in order to
have more than two trip points.

[0019] However, in a general control of the refresh cycle,
the temperature sensor having two trip points is used, which
is why there are problems such an increased time to perform
a resistance trimming operation based on a process change,
and an extension of the area occupied by the temperature
sensor, in case the temperature sensor is provided with more
than two branches.

[0020] That is, there was the difficulty to have numerous
trip points in the conventional temperature sensor. In
employing the conventional temperature sensor in the semi-
conductor memory device, a refresh cycle of the semicon-
ductor memory is difficult to be appropriately controlled by
a temperature change without a rapid change of a refresh
cycle control, thus reliability of a semiconductor device may
be dropped.

[0021] Hence, it would be desirable to provide an
improved temperature sensor and temperature sensing cir-
cuit capable of having numerous trip points even without an
extension in the number of decrease resistance branches in
the temperature sensor.

[0022] Some example embodiments of the present inven-
tion provide a built-in temperature sensor and a temperature
sensing circuit having the temperature sensor, which is
adaptable to the interior of a semiconductor integrated
circuit and has numerous trip points without extending the
number decrease resistance branches in the temperature
sensor.

[0023] Some example embodiments of the present inven-
tion provide an on-chip temperature sensing circuit for
adequately controlling a refresh cycle in conformity with a
temperature change in equipping the temperature sensing
circuit with the semiconductor memory device.

[0024] Some example embodiments of the present inven-
tion provide a built-in temperature sensing circuit capable of
substantially reducing a self-refresh electrical power con-
sumption of a semiconductor memory device in conformity
with a temperature change.

[0025] 1In one aspect of the invention, a temperature sens-
ing circuit comprises sampling signal generator adapted to
generate a reset signal and sampling signals; a temperature
sensor, comprising, a decrease resistance branch in which
current decreases in response to an increase in temperature,
and a current mirror differential amplifier connected to the
decrease resistance branch, wherein said temperature sensor
is adapted to output temperature sensing data generated in
response to the sampling signals; and a counting output part
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adapted to count and latch the temperature sensing data from
the temperature sensor, and adapted to output counting data,
said counting output part being reset by the reset signal of
the sampling signal generator.

[0026] Beneficially, the differential amplifier includes an
increase resistance terminal and a decrease resistance ter-
minal, and the temperature sensor further comprises an
increase resistance branch, which is connected between the
increase resistance terminal of the differential amplifier and
a lower supply voltage, in which current increases in
response to an increase in temperature; a first resistance
string having a plurality of resistances connected in series
with the decrease resistance branch, between the decrease
resistance terminal and the lower supply voltage; a short-
circuit switching part adapted to selectively short-out one or
more of the plurality of resistances in response to the
sampling signals; and a comparator adapted to compare a
reference temperature output appearing at the increase resis-
tance with a sensing temperature output appearing at the
decrease resistance terminal, and outputting the comparison
result as the temperature sensing data.

[0027] Beneficially, the sampling signal generator com-
prises a plurality of unit sampling signal generating parts
connected in cascade, each said unit sampling signal gen-
erating part being adapted to apply a NOR operation to an
applied input signal and an inverted and delayed signal of
the input signal, and outputting a result of the NOR opera-
tion as a corresponding one of the sampling signals, wherein
a first unit sampling signal generating part outputs a first
sampling signal, a second unit sampling signal generating
part outputs a second sampling signal, the last unit sampling
signal generating part outputs the reset signal, and a unit
sampling signal generating part immediately preceding the
last unit sampling signal generating part outputs a pass gate
control signal.

[0028] Also beneficially, the counting output part com-
prises a plurality of flipflops connected in cascade, each
flip-flop having an input terminal, an output terminal, and a
clock terminal, wherein the input terminal of each flipflop is
connected to a fixed voltage level, wherein the temperature
sensing data is received at the clock terminal of a first-stage
flipflop, and wherein an output signal appearing at the output
terminal of each flip-flop is connected with the clock ter-
minal of a subsequent flipflop; a pass gate adapted to
transmit the output signals of the plurality of flipflops in
response to the pass gate control signal; and a latch adapted
to latch the outputs of the plurality of flipflops transmitted by
the pass gate.

[0029] Beneficially, the temperature sensing circuit also
includes an oscillator outputting an oscillation signal having
an oscillating period controlled in response to the counting
data output by the counting output part.

[0030] In one embodiment, the oscillator comprises an
inverter chain having an odd number of inverters; a capaci-
tor connected between an output terminal of the inverter
chain and a lower supply voltage; a plurality of resistances
cascade-connected between inverters of the inverter chain;
and switching transistors connected in parallel across resis-
tances, said switching transistors being adapted to selec-
tively short-out the resistances in response to the counting
data.

[0031] Also beneficially, the temperature sensing circuit
also includes a refresh counter refresh counter comprising a
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plurality of flipflops connected in cascade, each said flipflop
having an input terminal, an output terminal, and a clock
terminal, wherein the input terminal of each flipflop is
connected to a fixed voltage level, wherein the oscillation
signal is received at the clock terminal of a first-stage
flipflop, and wherein an output signal appearing at the output
terminal of each flip-flop is connected with the clock ter-
minal of a subsequent flip-flop.

[0032] Also beneficially, the temperature sensing circuit
also includes a resistance value trimming part connected to
the first resistance string and adapted to individually vary
resistance values for respective resistances of the first resis-
tance string part.

[0033] Beneficially, the temperature sensor can further
include a second resistance string having a plurality of
resistances connected in series with the decrease resistance
branch, between the decrease resistance terminal and the
lower supply voltage; and a short-circuit release switching
part adapted to selectively disconnect a short across one or
more of the plurality of resistances of the second resistance
string in response to the sampling signals.

[0034] In another aspect of the invention, a temperature
sensor, comprises a decrease resistance branch having a first
current that decreases in response to an increase in tempera-
ture, the decrease resistance branch comprising, a plurality
of resistors connected in series, and means for selectively
shorting-out one or more of the plurality of resistors to adjust
a total series resistance in the decrease resistance branch; an
increase resistance branch having a second current that
increases in response to an increase in temperature; a current
mirror differential amplifier having an increase resistance
terminal connected to the increase resistance branch, a
decrease resistance terminal connected to the decrease resis-
tance branch, and adapted to output a first voltage repre-
senting a reference temperature corresponding to the first
current and a second voltage representing a sense tempera-
ture corresponding to the second current; and a comparator
adapted to compare the first voltage and the second voltage
and to output an output signal having a first logic level when
the first voltage is greater than the second voltage, and a
second logic level when the first voltage is less than the
second voltage.

[0035] Beneficially, the means for selectively shorting-out
one or more of the plurality of resistors comprises a plurality
of switches connected in parallel across resistances, said
switches being adapted to selectively short-out the resis-
tances in response to control signals.

[0036] Beneficially, the decrease resistance branch further
comprises a resistance value trimming part connected across
the plurality of resistances and adapted to individually vary
resistance values for respective resistances.

[0037] Beneficially, the resistance value trimming part
comprises a plurality of fuses.

[0038] Beneficially, the comparator has an enable input
and outputs the output signal at a fixed logic level in
response to the enable signal being inactive, regardless of
the first and second voltages

[0039] Accordingly, numerous trip points can be provided
by a temperature change without extending the number of
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decrease resistance branches, that is, a required fine control
can be performed in conformity with the temperature
change.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] The present invention will become more fully
understood from the detailed description given below and
the accompanying drawings, which are given by way of
illustration only and thus are not limitative of the present
invention, and wherein:

[0041] FIG. 1 is a circuit diagram of a temperature sensor
using a general bandgap reference circuit;

[0042] FIG. 2 is a graph illustrating a temperature to
current change appearing in resistance branches by an
operation of the temperature sensor referred to FIG. 1;

[0043] FIG. 3 illustrates an output waveform of a com-
parator based on an operation of the temperature sensor
referred to FIG. 1;

[0044] FIG. 4 is a circuit diagram of a temperature sensor
according to one or more aspects of the present invention;

[0045] FIG. 5 is a graph illustrating a temperature to
current change in generating numerous trip points by an
operation of the temperature sensor shown in FIG. 4;

[0046] FIG. 6 illustrates an output change of a comparator
through the operation of the circuit of FIG. 4;

[0047] FIG. 7 is a block diagram showing an example of
employing a temperature sensing circuit in a semiconductor
memory device according to one or more aspects of the
present invention;

[0048] FIG. 8 is a circuit diagram showing in detail an
example embodiment of a sampling signal generator shown
in FIG. 7;

[0049] FIG. 9 is a circuit diagram showing in detail an
example embodiment of a temperature sensor shown in
FIG. 7,

[0050] FIG. 10 is a circuit diagram illustrating in detail a
counting output part shown in FIG. 7;

[0051] FIG. 11 is an operating timing diagram of the
temperature sensing circuit shown in FIG. 7;

[0052] FIGS. 12 and 13 are circuit diagrams illustrating
in detail example embodiments of an oscillator shown in
FIG. 7; and

[0053] FIG. 14 is a circuit diagram illustrating in detail an
example embodiment of a refresh counter shown in FIG. 7.

DETAILED DESCRIPTION

[0054] Hereinafter, example embodiments of the present
invention will be described in detail with reference to FIGS.
4 to 14 in which like components having like functions have
been provided with like reference symbols and numerals.

[0055] 1t will be understood by those skilled in the art that
the present invention can be embodied by numerous differ-
ent types and is not limited to the following described
embodiments. The following various embodiments are
examples in nature.
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[0056] FIG. 4 shows a circuit diagram of a temperature
sensor according to an exemplary embodiment. Referring to
FIG. 4, there is shown a structure wherein a first resistance
string part 150 and a short-circuit switching part 160 are
connected to a decrease resistance branch C of a temperature
sensor 100 such as that shown in FIG. 1.

[0057] The temperature sensor of FIG. 4 includes a dif-
ferential amplifier DA of a current mirror type, a decrease
resistance branch C, which is connected between a decrease
resistance terminal NO1 of the differential amplifier DA and
a ground VSS and in which a current is reduced by an
increase of temperature, and an increase resistance branch A
which is connected between an increase resistance terminal
of the differential amplifier DA and the ground and in which
a current increases with an increase in temperature. The
temperature sensor also includes: a first resistance string part
150 having a plurality of resistances RU1-RU6 connected in
series between the decrease resistance terminal NO1 and a
resistance node NO2 of the decrease resistance branch C; a
short-circuit switching part 160 for shorting the plurality of
resistances RU1-RU6 individually and selectively in
response to the sampling signals PTUQ-PTUS; and a com-
parator OP1 for comparing a reference temperature output
Oref, appearing in the increase resistance terminal, with a
sensing temperature output OT1, appearing in the decrease
resistance terminal NO1, and for outputting the comparison
result OUT.

[0058] Junction diodes D2, D1 individually connected to
the branches A, B of the differential amplifier DA have the
same size as one another, and the P-type MOS transistors
MP1,MP2,MP3 have a size ratio of 1:1:1. Furthermore, the
N-type MOS transistors MN1,MN2,MN3 also determined
as 1:1:1. The plurality of resistances RU1-RU6 have respec-
tively different resistance values in the example embodiment
of the invention. Further, the resistance RU1 among the
resistances RU1-RU6 has a lowest resistance value and the
resistance RU6 has a largest resistance value. Thus, the
resistance values of the plurality of resistances RU1-RU6
are determined under a condition of
RU1<RU2<RU3<RU4<RU5<RU6.

[0059] In the meantime, the short-circuit switching part
160 is composed of a plurality of N-type MOS transistors
TRO-TRS, and is turned on when a corresponding sampling
signal among the sampling signals PTUO-PTUS is changed
to a high state. Then, a corresponding resistance among the
resistances RU1-RU6 is shorted operationally. That is, the
plurality of N-type MOS transistors TR0O-TRS have a nor-
mally turned-off state so as to substantially reduce their
electrical power consumption.

[0060] In the temperature sensor of FIG. 4 based on the
above-described structure, the plurality of resistances RU1-
RU6 installed within the first resistance string part 150 are
selectively shorted, thus numerous trip points can be
obtained without extending the number of decrease resis-
tance branches.

[0061] FIG. 5 is a graph illustrating a temperature to
current change in generating numerous trip points by an
operation of the temperature sensor shown in FIG. 4. A
horizontal axis of the graph shown in FIG. 5 indicates a
temperature T and a vertical axis indicates a current I.
Further, FIG. 6 illustrates an output change of the compara-
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tor OP1 through the operation of FIG. 4. The horizontal axis
of FIG. 4 indicates a temperature T, and the vertical axis
designates a voltage V.

[0062] In the case that a total resistance value of all of the
plurality of resistances RU1-RUS6 installed in the first resis-
tance string part 150 of FIG. 4, together with the resistance
of R1, is determined to be equal to the resistance value of the
resistance R1 shown in FIG. 1, and the N-type MOS
transistors TRO-TR5 are all turned off, then the current
flowing in the branch C of the temperature sensor is pro-
vided as the graph I1 of FIG. 5 and an output of the
comparator OP1 is provided as a waveform OUT of FIG. 6.

[0063] When the sampling signal PTUO is applied in a
high state, the N-type MOS transistor TRO is turned on and
the resistance RU1 is shorted operationally. Thus, the com-
posite resistance value of the branch C is reduced by a
resistance value of the resistance RU1. The current flowing
in the branch C of the temperature sensor therefore increases
as shown in I1a of the graph shown in FIG. 5, and the output
of the comparator OP1 is provided as the waveform OUla
of FIG. 6.

[0064] When the sampling signal PTU1 is applied as a
high state, the N-type MOS transistor TR1 is turned on and
the resistance RU2 is shorted operationally. Thus, the com-
posite resistance value of the branch C is reduced by a
resistance value of the resistance RU2. The current flowing
in the branch C of the temperature sensor therefore increases
as shown in 12a of the graph shown in FIG. 5, and the output
of the comparator OP1 is provided as the waveform OU2a
of FIG. 6.

[0065] As described above, numerous trip points can be
determined by shorting the resistances through use of one
decrease resistance branch. In the meantime, though the
example embodiments for the graphs I1b, 126 of FIG. § and
the waveforms OU1b, OU2b of FIG. 6 are not shown in the
drawings, they can be obtained by additionally connecting a
second resistance string part 150, and a second short-circuit
switching part 160, to the resistance node N02 of FIG. 4. In
this case, if the transistors within the second short-circuit
switching part 160 are normally turned on, then a transistor
is turned-off, a resistance in the second resistance string part
150 is “short-released.” Thus, the composite resistance of
the branch C increases to reduce a current flowing in the
branch C.

[0066] FIG. 7 shows a block diagram of a semiconductor
memory device. The semiconductor memory device of FIG.
7 includes a temperature sensing circuit 10. The temperature
sensing circuit 10 may be embodied through an example
embodiment by using the temperature sensor of FIG. 4
having numerous temperature trip points in one resistance
branch. In applying the temperature sensing circuit 10 of
FIG. 7 to a semiconductor memory device such as a DRAM
etc., a fine control of the refresh cycle can be performed.

[0067] FIG. 7 illustrates an example in employing the
inventive temperature sensing circuit to the semiconductor
memory device. Referring to FIG. 7, the temperature sens-
ing circuit 10 is mounted on a semiconductor integrated
circuit chip and functions as an on-chip thermometer. For
convenience, FIG. 7 schematically illustrates only blocks
concerning a refresh of the semiconductor memory device.

[0068] In FIG. 7, the temperature sensing circuit 10
includes a sampling signal generator 200 for generating a
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reset signal RESET and sampling signals PTUi, a tempera-
ture sensor 101 having a current mirror type differential
amplifier connected to the decrease resistance branch in
which a current is reduced when the temperature increases,
the temperature sensor being for outputting as temperature
sensing data OUT a temperature output generated in
response to the sampling signals, and a counting output part
300 for counting and latching the temperature sensing data
OUT outputted from the temperature sensor 101, and for
outputting counting data RCQ, the counting output part 300
being reset by the reset signal of the sampling signal
generator.

[0069] The temperature sensor 101 within the temperature
sensing circuit 10 is installed in the neighborhood of a
memory cell array 700.

[0070] An oscillator 400 outputs an oscillation signal OSC
controlled for an oscillating period in response to the count-
ing data RCQ. A refresh counter 500 outputs refresh count-
ing data in response to the oscillation signal OSC. A refresh
control circuit 600 receives the refresh counting data and
outputs a refresh control signal RFCON. A word line of a
memory cell is enabled by the refresh control signal RFCON
to obtain a refresh operation. That is, the refresh control
circuit 600 is controlled such that a refresh operation cycle
is lengthened when the temperature decreases, and is short-
ened when the temperature increases depending upon an
output of the refresh counter 500 for counting the oscillation
signal OSC of the oscillator 400.

[0071] FIG. 8 is a circuit diagram for an example embodi-
ment of the sampling signal generator 200 shown in FIG. 7.
With reference to FIG. 8, the sampling signal generator 200
includes a plurality of unit sampling signal generating parts
210-1, 210-2, . . ., 210-(n+3) and an OR gate 220. A unit
sampling signal generating part 210-1 includes an inverter
202 for inverting an applied input signal Qn, a delay 204 for
delaying an output of the inverter 202 for a determined time,
and a NOR gate 206 for performing a NOR operation on the
input signal Qn an output of the delay 204, and generating
a sampling signal PTUO. The plurality of unit sampling
signal generating parts 210-1, 210-2, . . . , 210-x have a
cascade connected structure. A first sampling signal PTUO is
outputted from the first unit sampling signal generating part
210-1, a second sampling signal PTU1 is outputted from the
second unit sampling signal generating part 210-2, a reset
signal RESET is generated from the last unit sampling signal
generating part 210-(n+3), and a pass gate control signal
PTR is generated from the next-to-last unit sampling signal
generating part.

[0072] Meanwhile, the OR gate 220 performs an OR
operation for the first through (n+1)th sampling signals
PTUOQ-PTUn, and outputs a comparator enable signal EN.

[0073] FIG. 9 is a circuit diagram for an example embodi-
ment of the temperature sensor 101 shown in FIG. 7. This
temperature sensor has the same configuration to the tem-
perature sensor shown in FIG. 4, except for a resistance
value trimming part 170 and the comparator OP1. In FIG.
9, the resistance value trimming part 170 individually varies
resistance values for respective resistances RU1-RU6 of the
first resistance string part 150, and is composed of fuses
F1-1, F1-2, F2-1, F2-2, . . . , F6-2 which are made of
polysilicon material and which may be cut by a light source,
such as a laser beam, etc. The resistance value trimming part
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170 is installed for the following reasons. Since the com-
posite resistance value of the decrease resistance branch C
may deviate from a determined value, even though a tem-
perature tuning operation for matching a trip point to a
designed temperature point is performed, it is desirable to
perform a trimming operation on the resistance values of
resistances of the branch C.

[0074] Meanwhile, the comparator OP1 has an enable
terminal, in contrast to the comparator of FIG. 4. Thus,
when the enable signal is applied in a high state, a com-
parison operation is performed, and when the enable signal
is applied in a low state, a level of the output signal OUT
always becomes low.

[0075] FIG. 10 is a circuit diagram for an example
embodiment of a counting output part 300 shown in FIG. 7.
The counting output part 300 includes a flip-flop circuit part
constructed of a plurality of flip-flops T1-T3, in which the
temperature sensing data OUT is received through a clock
terminal CK of a first-stage flip-flop global search-and-
replace T1, and in which an output is connected with the
clock terminal of a subsequent flip-flop, and an input ter-
minal T is fixed to a determined logic level VCC. The
counting part 300 also includes a pass gate PG1-PG3 for
transmitting outputs Q of the plurality of flipflops T1-T3 in
response to the pass gate control signal PTR, and a latch
L1-L.3 for latching the outputs of the plurality of flipflops
T1-T3 transmitted from the pass gate PG1-PG3.

[0076] FIG. 11 is a timing diagram for operations of the
temperature sensing circuit referred to FIG. 7. In FIG. 11,
waveforms PTU(Q-PTU3 correspond to the first through
fourth sampling signals, the waveform OUT corresponds to
the temperature sensing data of the comparator OP1, and the
waveforms RCQO-RCQ2 correspond to the counting data of
the counting output part 300.

[0077] FIGS. 12 and 13 illustrate example embodiments
of the oscillator shown in FIG. 7. In FIG. 12, the oscillator
400 includes an inverter chain constructed of an odd number
of inverter stages IN10, IN11, IN12, a capacitor C1 con-
nected between an output terminal of the inverter chain and
ground, a plurality of resistances R1-Rn cascade-connected
between the inverters IN10, IN11, and switching transistors
NM1-NMn connected in parallel with the resistances
R1-Rn, the switching transistors NM1-NMn being adapted
to selectively short the resistances R1-Rn in response to the
counting data RCQO-RCQ(n-1). Meanwhile, in FIG. 13, the
resistors R1-Rn are connected between the supply and
ground voltages, VDD and ground, and the inverters IN10,
IN11.

[0078] FIG. 14 is a circuit diagram illustrating in detail an
example embodiment of the refresh counter 500 shown in
FIG. 7. The refresh counter 500 includes a plurality of
flipflops 510-512 in which the oscillation signal OSC of the
oscillator is received through the clock terminal of the
flipflop 510 provided in the first stage, and in which outputs
Q are connected with a clock terminal CK and an input
terminal T is fixed to a determined logic level.

[0079] An exemplary operation of the temperature sensing
circuit will be described as follows.

[0080] Referring back to FIG. 7, the temperature sensor
101 is a thermometer having numerous trip points without
extending the number of decrease resistance branches, hav-
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ing the configuration shown in FIG. 9. Assuming that there
are six upper trip points and six lower trip points on the basis
of a determined reference trip point, a refresh cycle of a
semiconductor memory device can be increased and
decreased, respectively, by six steps according to the tem-
perature. Thus, rapid change of the refresh cycle above and
below a sensing temperature point can be avoided and a fine
control of the refresh cycle can be performed.

[0081] That is, the refresh cycle can be appropriately
controlled in conformity with a change of temperature in
employing the temperature sensing circuit to the semicon-
ductor memory device, thus self-refresh electrical power can
be reduced substantially in conformity with the change of
temperature and a refresh reliability in the semiconductor
memory device can be guaranteed.

[0082] The temperature sensor 101 of FIG. 7 can be
employed in other electronic circuits, such as a DC voltage
generator, a signal delay path, etc., that require a fine control
based on temperature.

[0083] It is assumed that the resistances RU1-RU6 of
FIG. 9 are determined to individually change trip points in
increments of 2° C., that the temperature sensor 101 of FIG.
9 is initially set as ,5° C., and an ambient temperature of the
memory cell array 700 is 51° C.

[0084] First, the first sampling signal PTUO of the sam-
pling signal generator 200 is applied in a high state, the OR
gate 220 of FIG. 8 outputs the comparator enable signal EN
in a high state. When the N-type MOS transistor TR0 of
FIG. 9 is turned on in response to the first sampling signal
PTUO, the resistance RU1 is shorted optionally, to reduce the
composite resistance value of the branch C. Thus, the trip
point of the temperature sensor 101 shown in FIG. 9 is
increased by 2° C. and becomes 45° C.4+2° C.=47° C. At this
time, the comparator OP1 performs a comparison operation
in response to the enable signal EN to output the temperature
sensing data OUT having a high state. When the first
sampling signal PTUO is applied from high to low, the
comparator enable signal EN becomes low and an output of
the comparator OP1 is reset from high to low. FIG. 11
illustrates a timing relationship based on this operation.

[0085] Then, when the second sampling signal PTU1 of
the sampling signal generator 200 is applied in a high state,
the OR gate 220 outputs the comparator enable signal EN as
a high state, and the N-type MOS transistor TR1 of FIG. 9
is turned on. Hence, the resistance RU2 is shorted optionally
and the composite resistance value of the branch C is
reduced substantially more than the previous case. Thus, the
trip point of the temperature sensor 101 referred to FIG. 9
is increased by 2° C. and becomes 47° C.4+2° C.=49° C. At
this time, since an ambient temperature is 51° C., the
comparator OP1 still outputs the temperature sensing data
OUT having the high state. When the second sampling
signal PTU1 is changed from high to low, the comparator
enable signal EN becomes low and the output of the com-
parator OP1 is again reset from high to low. This operation
is indicated as an arrow drawn between the waveform PTU1
and the waveform OUT in FIG. 11.

[0086] As the above-described operation, when the third
sampling signal PTU2 is applied in a high state, the trip point
is changed to 51° C. At this time, since the ambient tem-
perature is 51° C., the comparator OP1 outputs the tempera-
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ture sensing data OUT that vibrates between high and low.
When the third sampling signal PTU2 is changed from high
to low, the comparator enable signal EN becomes low and
the output of the comparator OP1 is reset low.

[0087] The counting output part 300 is configured as
shown in FIG. 10 and outputs corresponding waveforms of
FIG. 11. The waveform RCQO is changed to a high state in
response to a falling edge of the temperature sensing data
OUT and is changed to a low state in response to the next
falling edge. Thus, outputs of the latches 1.2, 1.3 are provided
as the waveforms RCQ1,RCQ2 of FIG. 11.

[0088] The oscillator 400 has the switching transistors
NM1-NMn for selectively shorting the resistances R1-Rn of
FIG. 12 in response to the counting data RCQO0-RCQn of the
counting output part 300 shown in FIG. 7, thus the oscillator
400 outputs the oscillation signal OSC controlled for an
oscillating period, depending upon a logic state of the
counting data RCQ0-RCQn. For example, if the counting
data RCQO is a high state, a corresponding resistance R1 is
shorted operationally. When the composite resistance value
of the oscillator 400 is reduced, a cycle of the oscillation
signal OSC is shortened. This operation is also performed by
the circuit shown in FIG. 13.

[0089] As described above, the temperature sensor has
numerous trip points through the sampling signals, and the
switching transistors NM1-NMn are selectively shorted by a
logic level of the counting data RCQO-RCQn so as to
provide a fine control of the period of oscillation signal
OSC.

[0090] The refresh counter 500 is configured as shown in
FIG. 14, and outputs refresh counting data Q0-Q2 in
response to the oscillation signal OSC, and the refresh
control circuit 600 receives the data and outputs the fine-
controlled refresh control signal RFCON in conformity with
the temperature. Thereby, a refresh operating cycle is
increased by a decrease in temperature, and is lengthened by
an increase in temperature.

[0091] Though the above description gives an example
where the trip point is increased; in case the resistances are
further connected similarly and an output of the counting
output part 300 is used, it goes without saying that the trip
point can be decreased from a reference trip point.

[0092] Further, a temperature interval can be finely con-
trolled, using a step that is less than 1° C. or a step that is
more than 3° C.

[0093] Though the example embodiment of the invention
employs the counting output part 300, a binary search
method employing a binary successive approximation
method can be used. In this case, resistance values of
resistances within the first and second resistance string parts
are controlled so that a trip point increases or decreases by
units of 2, 4, 8, 16, 32 degrees.

[0094] As was described above, a temperature range is
divided into numerous temperature regions, then, the nearer
to a low temperature region, the longer the refresh operating
cycle is, and the nearer to a high temperature region, the
shorter the refresh operating cycle is. Accordingly, reliability
for a semiconductor memory device is guaranteed and the
electric power consumed in the refresh operation is saved.
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[0095] According to the example embodiments described
above, there is an advantage that a required control can be
performed precisely in conformity with a temperature
change since a temperature sensor can have numerous trip
points without an extension in the number of decrease
resistance branches.

[0096] 1t will be apparent to those skilled in the art that
modifications and variations can be made in the present
invention without deviating from the spirit or scope of the
invention. Thus, it is intended that the present invention
cover any such modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents. For example, a detailed configuration
of temperature sensor and temperature sensing circuit, or a
control method of refresh cycle, can be changed diversely.
Accordingly, these and other changes and modifications are
seen to be within the true spirit and scope of the invention
as defined by the appended claims.

What is claimed is:
1. A temperature sensing circuit, comprising:

a sampling signal generator adapted to generate a reset
signal and sampling signals;

a temperature sensor, comprising,

a decrease resistance branch in which current decreases
in response to an increase in temperature, and

a current mirror differential amplifier connected to the
decrease resistance branch,

wherein said temperature sensor is adapted to output
temperature sensing data generated in response to the
sampling signals; and

a counting output part adapted to count and latch the
temperature sensing data from the temperature sensor,
and adapted to output counting data, said counting
output part being reset by the reset signal of the
sampling signal generator.

2. The circuit as claimed in 1, wherein the temperature
sensor further comprises a band-gap reference circuit con-
nected to the differential amplifier.

3. The circuit as claimed in 1, wherein the differential
amplifier includes an increase resistance terminal and a
decrease resistance terminal, and wherein the temperature
sensor further comprises:

an increase resistance branch, which is connected
between the increase resistance terminal of the differ-
ential amplifier and a lower supply voltage, in which
current increases in response to an increase in tempera-
ture;

a first resistance string having a plurality of resistances
connected in series with the decrease resistance branch,
between the decrease resistance terminal and the lower
supply voltage;

a short-circuit switching part adapted to selectively short-
out one or more of the plurality of resistances in
response to the sampling signals; and

a comparator adapted to compare a reference temperature
output appearing at the increase resistance with a
sensing temperature output appearing at the decrease
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resistance terminal, and outputting the comparison
result as the temperature sensing data.

4. The circuit as claimed in 3, further comprising a
resistance value trimming part connected to the first resis-
tance string and adapted to individually vary resistance
values for respective resistances of the first resistance string
part.

5. The circuit as claimed in 4, wherein the resistance value
trimming part comprises a plurality of fuse elements.

6. The circuit as claimed in 3, wherein the temperature
Sensor comprises:

a second resistance string having a plurality of resistances
connected in series with the decrease resistance branch,
between the decrease resistance terminal and the lower
supply voltage; and

a short-circuit release switching part adapted to selec-
tively disconnect a short across one or more of the
plurality of resistances of the second resistance string in
response to the sampling signals.

7. The circuit as claimed in 1, wherein the sampling signal
generator comprises a plurality of unit sampling signal
generating parts connected in cascade, each said unit sam-
pling signal generating part being adapted to apply a NOR
operation to an applied input signal and an inverted and
delayed signal of the input signal, and outputting a result of
the NOR operation as a corresponding one of the sampling
signals,

wherein a first unit sampling signal generating part out-
puts a first sampling signal, a second unit sampling
signal generating part outputs a second sampling sig-
nal, the last unit sampling signal generating part out-
puts the reset signal, and a unit sampling signal gen-
erating part immediately preceding the last unit
sampling signal generating part outputs a pass gate
control signal.

8. The circuit as claimed in 7, wherein the counting output

part comprises:

a plurality of flipflops connected in cascade, each said
flipflop having an input terminal, an output terminal,
and a clock terminal,

wherein the input terminal of each flipflop is connected
to a fixed voltage level,

wherein the temperature sensing data is received at the
clock terminal of a first-stage flipflop, and

wherein an output signal appearing at the output ter-
minal of each flip-flop is connected with the clock
terminal of a subsequent flip-flop;

a pass gate adapted to transmit the output signals of the
plurality of flipflops in response to the pass gate control
signal; and

a latch adapted to latch the outputs of the plurality of

flipflops transmitted by the pass gate.

9. The circuit as claimed in 1, further comprising an
oscillator outputting an oscillation signal having an oscil-
lating period controlled in response to the counting data
output by the counting output part.

10. The circuit as claimed in 9, further comprising a
refresh counter comprising a plurality of flipflops connected
in cascade, each said flipflop having an input terminal, an
output terminal, and a clock terminal,
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wherein the input terminal of each flipflop is connected to
a fixed voltage level,

wherein the oscillation signal is received at the clock
terminal of a first-stage flipflop, and

wherein an output signal appearing at the output terminal
of each flip-flop is connected with the clock terminal of
a subsequent flip-flop.
11. The circuit as claimed in 9, wherein the oscillator
comprises:

an inverter chain having an odd number of inverters;

a capacitor connected between an output terminal of the
inverter chain and a lower supply voltage;

a plurality of resistances cascade-connected between
inverters of the inverter chain; and

switching transistors connected in parallel across resis-

tances, said switching transistors being adapted to

selectively short-out the resistances in response to the
counting data.

12. A cycle control circuit of a semiconductor integrated
circuit, comprising:

a sampling signal generator adapted to generate first and
second control signals;

a temperature sensing circuit adapted to receive the first
control signal of the sampling signal generator;

a counter circuit adapted to receive the second control
signal and an output of the temperature sensing circuit,
and adapted to count and latch the output of the
temperature sensing circuit; and

a circuit in which a delay time or level is controlled by
output signals of the counter circuit.
13. A temperature sensor, comprising:

a decrease resistance branch having a first current that
decreases in response to an increase in temperature,
said decrease resistance branch comprising,
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a plurality of resistors connected in series, and

means for selectively shorting-out one or more of the
plurality of resistors to adjust a total series resistance
in the decrease resistance branch;

an increase resistance branch having a second current that
increases in response to an increase in temperature;

a current mirror differential amplifier having an increase
resistance terminal connected to the increase resistance
branch, a decrease resistance terminal connected to the
decrease resistance branch, and adapted to output a first
voltage representing a reference temperature corre-
sponding to the first current and a second voltage
representing a sense temperature corresponding to the
second current; and

a comparator adapted to compare the first voltage and the
second voltage and to output an output signal having a
first logic level when the first voltage is greater than the
second voltage, and a second logic level when the first
voltage is less than the second voltage.

14. The temperature sensor of claim 13, wherein the
means for selectively shorting-out one or more of the
plurality of resistors comprises a plurality of switches con-
nected in parallel across resistances, said switches being
adapted to selectively short-out the resistances in response to
control signals.

15. The temperature sensor of claim 13, wherein the
decrease resistance branch further comprises a resistance
value trimming part connected across the plurality of resis-
tances and adapted to individually vary resistance values for
respective resistances.

16. The temperature sensor of claim 15, wherein the
resistance value trimming part comprises a plurality of
fuses.

17. The temperature sensor of claim 13, wherein the
comparator has an enable input and outputs the output signal
at a fixed logic level in response to the enable signal being
inactive, regardless of the first and second voltages.
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