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FULLY-ON-CHIP TEMPERATURE, PROCESS,
AND VOLTAGE SENSOR SYSTEM

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The invention relates generally to a sensor system
and, more particularly, to a fully on-chip temperature, pro-
cess, and voltage sensor system capable of operating in a low
voltage environment.

[0003] 2. Description of Related Art

[0004] With the advance of technology, electronic products
related to wireless sensor are continuously applied into our
daily life. However, electronic products related to wireless
sensor all face the problems about how to reduce power
consumption effectively. Electronic products can have pro-
longed lifetime of batteries only by reducing their power
consumption. Therefore, how to design low power consump-
tion circuits is getting more and more important.

[0005] Inorderto achieve low power consumption, circuits
are usually operated in a voltage close to a sub-threshold
voltage. However, when circuits are operated in an extremely
low voltage, they are very sensitive to the variation of tem-
perature, process and voltage, and may cause data error easily.
Further, semiconductor manufactures are constantly facing
new variation problems, such as circuit delay in capacity
connection, signal integrity and reliability. Besides, variation
noise in the operating environment also makes operating fre-
quency and power consumption increase, resulting in an even
greater variation in circuit performance.

[0006] In the known wireless sensor, temperature sensing
can be accomplished by using analog-to-digital converters.
However, the use of analog-to-digital converter inevitably
makes noise and power consumption increase. Therefore, it is
desirable to provide an improved sensor system to mitigate
and/or obviate the aforementioned problems.

SUMMARY OF THE INVENTION

[0007] The object of the present invention is to provide a
fully on-chip operating temperature, process, and voltage
sensor system capable of operating in low voltage environ-
ment. The present invention can generate signals proportional
to temperature with few inverters and without using any ana-
log-to-digital converter. The present invention also has
advantages of high sampling rate and low power consump-
tion.

[0008] To achieve above object, the present invention pro-
vides an fully on-chip operating temperature, process, and
voltage sensor system, which is configured in a chip. The
system comprises: a voltage sensor for detecting an operating
voltage of the chip so as to generate a voltage signal; a process
sensor for detecting a process variation of the chip so as to
generate a process indication signal; and a temperature sensor
for detecting an operating temperature of the chip. The tem-
perature sensor includes: a bias current gerator for generating
an output current related to temperature according to the
operating voltage of the chip; a first ring oscillator connected
to the bias current generator for being driven by the output
current to generate a first oscillation signal; a first fixed pulse
generator for generating a first pulse signal with a fixed pulse
width; a first AND gate connected to the first ring oscillator
and the first fixed pulse generator to perform a logic AND
operation on the first oscillation signal and the first pulse
signal so as to generate a temperature sensing signal; and a
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first counter connected to the first AND gate for counting the
temperature sensing signal so as to generate the temerature
indication signal.

[0009] The output current generated by the bias current
generator is proportional to the operating temerature of the
chip, and the first oscillation signal generated from the first
ring oscillator is proportional to the operating temperature.
[0010] Besides, the process sensor of the present invention
includes: a second ring oscillator having an odd number of
inverters to generate a second oscillation signal; a second
fixed pulse generator for generating a second pulse signal
with a fixed pulse width; a second AND gate connected to the
second ring oscillator and the second fixed pulse generator for
performing a logic AND operation on the second oscillation
signal and the second pulse signal so as to generate a tem-
perature sensing signal; and a second counter connected to
the second AND gate for counting the process sensing signal
so as to generate the process indication signal.

[0011] Thevoltage sensor of the present invention includes
an inverter, a flip-flop, and an XOR gate for transforming the
operation voltage to the voltage indication signal.

[0012] The bias current generator of the present invention
includes a first PMOS transistor, a second PMOS transistor, a
first NMOS transistor, a second NMOS transistor, and a resis-
tor. The first NMOS transistor and the second NMOS tran-
sistor operate in a weak inversion zone. The output current
flowing through the second PMOS transistor is:

P m_VT>< N WPIWN2]
TT TR Weo Wy I

where R is a resistance of the resistor, V -is a thermal voltage,
m is a constant, W, s a width of first PMOS transistor, W,
is a width of second

[0013] PMOS transistor, W,,, is a width of first NMOS
transistor, and W, is a width of second NMOS transistor.
From above description, it is known that V ,is proportional to
the temperture and the output current is proportional to the
absolute temperature. The present invention further com-
prises a temperature compensation unit for receiving the volt-
age indication signal, the process indication signal, and the
temperature indication signal to compensate the temperature
indication signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is a system diagram in accordance with one
preferred embodiment of the present invention;

[0015] FIG. 2 is a system diagram of the voltage sensor of
the present invention,

[0016] FIG. 3 is a system diagram of the process sensor of
the present invention;

[0017] FIG.4isasystem diagram of the temperature sensor
of the present invention; and

[0018] FIG.5isadiagram of the output current vs tempera-
ture when operating in different voltages.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0019] With reference to FIG. 1, there is shown a system
diagram in accordance with one preferred embodiment of the
present invention. As shown, a fully on-chip operating tem-
perature, process, and voltage sensor system 1 is configured
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in a chip 100. The system 1 comprises: a voltage reference
unit 10, a voltage sensor 11, a process sensor 12, and a
temperature sensor 13. The voltage reference unit 10 gener-
ates an operating voltage (Vdd) from an outside voltage for
the temperature sensor 13. The voltage sensor 11 is used for
detecting an operating voltage of the chip 100 to generate a
voltage signal (V[4:0]). The process sensor 12 is used for
detecting a process variation of the chip 100 to generate a
process indication signal (P[3:0]). The temperature sensor 13
1s used for detecting an operating temperature of the chip 100
to generate a temperature indication signal (T[9:0]). The
present invention can further comprise a temperature com-
pensation unit 14 for receiving the voltage indication signal,
the process indication signal, and the temperature indication
signal to compensate the temperature indication signal (T[9:
01), and generate a modified temperature indication signal (T'
[9:0]).

[0020] In this embodiment, the temperature sensor 13
includes: a bias current gerator 131, a first ring oscillator 132,
a first fixed pulse generator 133, a first AND gate 134, and a
first counter 135. The bias current gerator 131 generates an
output current (I, ;) related to temperature according to the
operating voltage of the chip 100. Preferably, the output cur-
rent (I,,7) generated from the first ring oscillator 131 is
proportional to the operating temperature. The first ring oscil-
lator 132 is connected to the bias current generator 131 for
being driven by the output current (I,;-) to generate a first
oscillation signal. Preferably, the first oscillation signal is
proportional to the operating temperature. The first fixed
pulse generator 133 is used for generating a first pulse signal
with a fixed pulse width. The first AND gate 134 is connected
1o the first ring oscillator 132 and the first fixed pulse genera-
tor 133 to perform a logic AND operation on the first oscil-
lation signal and the first pulse signal so as to generate a
temperature sensing signal. The first counter 135 is connected
to the first AND gate 134 for counting the temperature sensing
signal so as to generate the temerature indication signal (T[9:
0]).

[0021] With reference to FIG. 2, there is shown a system
diagram of the voltage sensor 11. As shown, The voltage
sensor 11 in the present invention includes twelve inverters
111, six D-type flip-flops 112, and five XOR gates 123 for
transforming the operating voltage (Vdd) into voltage indi-
cation signal (V[4:0]). Besides, as described above, the oper-
ating voltage (Vdd) belongs to a low voltage, ranged from 0.3
volt to 1 volt.

[0022] With reference to FIG. 3, there is shown a system
diagram of the process sensor 12. As shown, the process
sensor 12 includes asecond ring oscillator 121, a second fixed
pulse generator 122, a second AND gate 123, and a second
counter 124. The second ring oscillator 121 has an odd num-
ber of inverters for generating a second oscillation signal. The
second fixed pulse generator 122 has an D-type flip-flops
1221, a third counter 1222, and a comparator 1223. The
second fixed pulse generator 122 generates a second pulse
signal with a fixed pulse width W according to a clock signal
inputted by the third counter 1222 and a number of N. The
second AND gate 123 is connected to the second ring oscil-
lator 121 and the second fixed pulse generator 122 for per-
forming a logic AND operation on the second oscillation
signal and the second pulse signal so as to generate a tem-
perature sensing signal (f,). The second counter 124 is con-
nected to the second AND gate for counting the process
sensing signal so as to generate the process indication signal
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(P[3:0]). Besides, the second oscillation signal generated by
the second ring oscillator 121 has a frequency which is unre-
lated to the operating temperature of the chip 100 due to zero
temperature coefficient.

[0023] With reference to FIG. 4, there is shown a system
diagram of the temperature sensor 13. As shown, the bias
current generator 131 of the temperature sensor 13 includes a
first PMOS transistor 131P1, a second PMOS transistor
131P2, a first NMOS transistor 131IN1, a second NMOS
transistor 131N2, and a resistor R. The first NMOS transistor
131N1 and the second NMOS transistor 131N2 operate in a
weak inversion zone. The first ring oscillator 132 has an odd
number of inverters. In this embodiment, the first ring oscil-
lator 132 has five inverters. The first fixed pulse generator 133
has an D-type flip-flop 1331, a fourth counter 1332, and a
comparator 1333. The first fixed pulse generator 133 gener-
ates a first pulse signal with a fixed pulse width W according
to a clock signal inputted by the fourth counter 1332 and the
number of N.

[0024] The present invention is characterized in that the
output current (I 5, 1) flowing through the second PMOS tran-
sistor 131P2 and the second NMOS transistor 131N2 is pro-
portional to temperature.

[0025] The formula of the output current (I ;) 1s derived
as bellow. First, the input current (I,,) flowing through the
first PMOS transistor 131P1 and the first NMOS transistor
131N1 is:

w
Iy = mCox I(m - D(vp)? xelVestVa/mVr),

where 11, is an effective mobility, C,, is a gate oxide capaci-
tance per unit area, m is a constant, W is a width of tansistor,
L is a length of tansistor, V is thermal voltage, V,, is a
threshold voltage. V,=kT/q, k is the Boltzmann constant, T(°
K) is the absolute temperature, and q is the charge capacity.
[0026] Furthermore, the output current (I,.,) flowing
through the second PMOS transistor 131P2 and the second
NMOS transistor 131N2 of the bias current generator 131 can
be expressed as follows:

w’
lour = moCox I(m - (V) xeVas Vv,

w 2
Assumed Ip = yCoyx I(m - D(vp)*,
the following equation can be obtained:

I
Vas1 =mVrp Xln[l] + Vi, and
low

lovr
Vegy =mVr X IH[W] + Vi

[0027] Due to that the first PMOS transistor 131P1 and the
second PMOS transistor 131P2 are current mirrors, the fol-
lowing equations can be obtained:
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It Wpi/Lp Iy
— = . = ——,and
Iy Wemilp  lour

vy Wai /Ly

vy~ Waz/Ly2'

[0028] By combining the above equations, the output cur-
rent becomes:

loyr =

Iy X1on2 ]
loyr Xloni | _ mVr Xln[ Wpy WN?./LPILNZ]
Wepa Wi [ LpaLny

Vest - Vesz mvr xln[

R R R

if L, =Lp,=L,,=L,,, then:

mVr Xln[ Wp1 Wi, }

lovr = ——
R Wpa Wy,

[0029] Due to that V, is proportional to the absolute tem-
perature, the output current (I,,,7) is proportional to the tem-
perature according to the above equations.

[0030] With reference to FIG. 5, there is shown a diagram
ofthe output current (I,,,,) vs temperature when operating in
different voltages (0.3V, 0.35V, 04V, 045V, 0.5V). As
shown, the output current (I,,,7) is proportional to the oper-
ating temperature of the chip 100 when the operating voltage
is set between 0.3 volt to 1 volt.

[0031] In summary, the output current (I,.,) flowing
through the second PMOS transistor 131P2 and the second
NMOS transistor 131N2 of the bias current generator 131 is
proportional to the temperature. The output current (I,,,,7) is
transferred to the first ring oscillator 132 to generate the first
oscillation signal. Therefore, the oscillation frequency of the
first oscillation signal is proportional to the temperature. The
first ring oscillator 132 further generates a sensing signal
proportional to the temperature after a comparison of the first
oscillation signal and the first pulse signal with a fixed pulse
width.

[0032] According to the fully on-chip operating tempera-
ture, process, and voltage sensor system 1 provided by the
present invention, the system 1 can generate current propor-
tional to the temperature based on the operating temperature.
Besides, the system 1 can compensate and regulate the mea-
surement of temperature via the configuration of the voltage
sensor 11 and the process sensor 12. The system 1 provided
by the present invention can operate in low operating voltage
(0.3-1.0 volt), and its power consumption is very low. It has
practical values and characteristics distinguished from the
prior art in perspectives of purpose, method, and effective-
ness.

[0033] Although the present invention has been explained
in relation to its preferred embodiment, it is to be understood
that many other possible modifications and variations can be
made without departing from the scope of the invention as
hereinafter claimed.
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What is claimed is:

1. An fully on-chip operating temperature, process, and
voltage sensor system, which is configured in a chip, the
system comprising:

a voltage sensor for detecting an operating voltage of the

chip so as to generate a voltage signal;

a process sensor for detecting a process variation of the
chip so as to generate a process indication signal; and

a temperature sensor for detecting an operating tempera-
ture of the chip, the temperature sensor including:

a bias current gerator for generating an output current
related to temperature according to the operating volt-
age of the chip;

a first ring oscillator connected to the bias current gen-
erator for being driven by the output current to gen-
erate a first oscillation signal,

a first fixed pulse generator for generating a first pulse
signal with a fixed pulse width;

a first AND gate connected to the first ring oscillator and
the first fixed pulse generator to perform a logic AND
operation on the first oscillation signal and the first
pulse signal so as to generate a temperature sensing
signal; and

a first counter connected to the first AND gate for count-
ing the temperature sensing signal so as to generate
the temerature indication signal.

2. The fully on-chip operating temperature, process, and
voltage sensor system as claimed in claim 1, wherein the
output current generated by the bias current generator is pro-
portional to the operating temerature of the chip.

3. The fully on-chip operating temperature, process, and
voltage sensor system as claimed in claim 2, wherein the first
oscillation signal generated from the first ring oscillator
driven by the output current is proportional to the operating
temperature.

4. The fully on-chip operating temperature, process, and
voltage sensor system as claimed in claim 3, wherein the
process sensor includes:

a second ring oscillator having an odd number of inverters

to generate a second oscillation signal;

a second fixed pulse generator for generating a second
pulse signal with a fixed pulse width;

a second AND gate connected to the second ring oscillator
and the second fixed pulse generator for performing a
logic AND operation on the second oscillation signal
and the second pulse signal so as to generate a tempera-
ture sensing signal; and

a second counter connected to the second AND gate for
counting the process sensing signal so as to generate the
process indication signal.

5. The fully on-chip operating temperature, process, and
voltage sensor system as claimed in claim 4, wherein the
second oscillation signal generated by the second ring oscil-
lator has a frequency which is unrelated to the operating
temperature of the chip due to zero temperature coefficient.

6. The fully on-chip operating temperature, process, and
voltage sensor system as claimed in claim 5, wherein the
voltage sensor includes an inverter, a flip-flop, and an XOR
gate for transforming the operation voltage to the voltage
indication signal.

7. The fully on-chip operating temperature, process, and
voltage sensor system as claimed in claim 6, wherein the bias
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current generator includes a first PMOS transistor, a second
PMOS transistor, a first NMOS transistor, a second NMOS
transistor, and a resistor.

8. The fully on-chip operating temperature, process, and
voltage sensor system as claimed in claim 7, wherein the first
NMOS transistor and the second NMOS transistor operate in
a weak inversion zone.

9. The fully on-chip operating temperature, process, and
voltage sensor system as claimed in claim 8, wherein the
output current flowing through the second PMOS transistor
is:

mVr xln[ Wp Wi2 }

lovr = ——
R Wpa Wiy
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where R is a resistance of the resistor, V, is a thermal
voltage, m is a constant, Wy, is a width of first PMOS
transistor, Wp, is a width of second PMOS transistor,
Wy, 1s a width of first NMOS transistor, and W, is a
width of second NMOS transistor.

10. The fully on-chip operating temperature, process, and
voltage sensor system as claimed in claim 9, wherein the
thermal voltage is proportional to Kelvin (absolute) tempera-
ture, and the output current is also proportional to Kelvin
(absolute) temperature.

11. The fully on-chip operating temperature, process, and
voltage sensor system as claimed in claim 1, further compris-
ing a temperature compensation unit for receiving the voltage
indication signal, the process indication signal, and the tem-
perature indication signal to compensate the temperature
indication signal.



