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AMBIENT LIGHT FILTER, PHOTO SENSOR
AND ASSOCIATED PHOTO DETECTOR

RELATED APPLICATIONS

[0001] This application claims the benefit of Chinese
Patent Application No. 201610255885.9, filed on Apr. 21,
2016, which is incorporated herein by reference in its
entirety.

FIELD OF THE INVENTION

[0002] The present invention generally relates to the field
of sensors, and more particularly to ambient light filters,
photo sensors, and associated photo detectors.

BACKGROUND

[0003] A photo sensor is a sensor that uses a photo element
as a detection element. The photo sensor may initially
convert measured changes into optical signal changes, and
then convert the optical signal to an electric signal by the
photo element. Photo sensors are widely used in heart rate
detectors. A heart rate detector can detect a person’s heart
rate, such that people can determine their own health status
based on the detected heart rate. Systole and diastole of the
heart causes blood to flow in the blood vessels, and the
amount of blood flowing through the blood vessels corre-
spond to different reflectivity. A heart rate detector may
calculate the current heart rate by detecting fluctuations of
the reflected light.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG. 1 is a schematic block diagram of an example
photo sensor, in accordance with embodiments of the pres-
ent invention.

[0005] FIG. 2 is a schematic block diagram of a first
example ambient light filter, in accordance with embodi-
ments of the present invention.

[0006] FIG. 3 is a schematic block diagram of a second
example ambient light filter, in accordance with embodi-
ments of the present invention.

[0007] FIG. 4 is a waveform diagram of example opera-
tion of an ambient light filter, in accordance with embodi-
ments of the present invention.

DETAILED DESCRIPTION

[0008] Reference may now be made in detail to particular
embodiments of the invention, examples of which are illus-
trated in the accompanying drawings. While the invention
may be described in conjunction with the preferred embodi-
ments, it may be understood that they are not intended to
limit the invention to these embodiments. On the contrary,
the invention is intended to cover alternatives, modifications
and equivalents that may be included within the spirit and
scope of the invention as defined by the appended claims.
Furthermore, in the following detailed description of the
present invention, numerous specific details are set forth in
order to provide a thorough understanding of the present
invention. However, it may be readily apparent to one
skilled in the art that the present invention may be practiced
without these specific details. In other instances, well-known
methods, procedures, processes, components, structures,
and circuits have not been described in detail so as not to
unnecessarily obscure aspects of the present invention.
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[0009] A person may be required to place their fingers or
wrists close to a chip when a heart rate sensor is used to
detect there heart rate. A light emitting device inside the
heart rate sensor chip can emit a detection light, and then the
photo-electric conversion circuit can detect the intensity of
the detection light that is reflected from the finger or wrist.
The photo-electric conversion circuit can generate an optical
current by way of illumination, and can convert the optical
current to a numerical value through an analog-to-digital
conversion circuit. In this way, a person’s heart rate may be
detected by executing a number of continuous detection
actions.

[0010] However, in in some cases, the photo-electric con-
version circuit may only be exposed to the detection light
that is reflected back by blood in the fingers or wrist, but can
also be exposed to the ambient light (e.g., sunlight, lamp-
light, etc.). The change of ambient light may seriously affect
the detection accuracy of a heart rate detection sensor, and
may even cover up small fluctuations of the reflected light
due to the blood fluctuations, which can lead to detection
failure.

[0011] In some approaches, the effect of the ambient light
can be overcome by increasing the amplitude of the reflected
detection signal by increasing the driving current of the light
emitting device. However, power consumption can be
increased in such cases, which may be adverse to portable
device applications. In addition, the ambient light may be
detected for a fixed time period prior to detecting the heart
rate, and parameters of the ambient light can be filtered from
the detection signal when detecting the heart rate. However,
as the ambient light changes in real time, fluctuations of the
ambient light may easily cover up the reflected detection
signal.

[0012] In one embodiment, an ambient light filter config-
ured to filter ambient light noises from an optical current that
is at least partially caused by an optical pulse sequence
emitted by a light emitting device, can include: (i) a sample
and detection circuit configured to sample the optical current
and to obtain a current component in a first mode, and to
remove the current component from the optical current and
to generate a detection signal in a second mode; (ii) a current
amplifier configured to receive the detection signal, and to
generate an amplified current signal; and (iii) a control
circuit configured to switch the sample and detection circuit
between the first and second modes, where the control
circuit switches the sample and detection circuit to the first
mode in at least one optical pulse gap, and switches the
sample and detection circuit to the second mode when a next
optical pulse arrives.

[0013] Referring now to FIG. 1, shown is a schematic
block diagram of an example photo sensor, in accordance
with embodiments of the present invention. As shown in
FIG. 1, photo sensor can include light emitting device 11,
driving circuit 12, photo-electric conversion circuit 13, and
ambient light filter 14. Light emitting device 11 (e.g., a light
emitting diode [LED]) can emit an optical signal, and
driving circuit 12 can drive light emitting device 11 to
operate according to a driving signal. Photo-electric conver-
sion circuit 13 (e.g., an optical diode fabricated on a semi-
conductor substrate) can generate an optical current accord-
ing to an optical signal. Those skilled in the art will
recognize that photo-electric conversion circuit 13 may not
discriminate between the detection light and the ambient
light, but can convert all of the received optical signals into
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a photo current. During a heart rate detection period, the
photo current can at least partially be caused by the light
generated by light emitting device 11 and reflected by the
object. While not in the detection period, or when light
emitting device 11 is not emitting light, the optical current
may be caused by the ambient light. For a time period
including the detection period, the photo current can at least
partially be caused by light generated by light emitting
device 11.

[0014] Ambient light filter 14 can be coupled to photo-
electric conversion circuit 13 through an optical current
input terminal. Ambient light filter 14 can sample the
ambient light of the photo current, and filter the current
component caused by the ambient light, in order to provide
a current signal that represents the intensity of the detection
light reflected by the object. In this example, driving circuit
12 can drive light emitting device 11 to emit light pulses by
continuous pulse signal sequences, i.¢., light emitting device
11 may flicker by a predetermined pulse. Thus, the light
reflected by the object may flicker along with the light
source. Every light reflected by the object may represent the
property of the detected object at a corresponding time, such
as the position or color property of the object. Thus, in
response to the pulse signal sequence, a sequence in which
the object property changes over time during the time period
can be obtained, in order to complete the detection.

[0015] Ambient light filter 14 in this example can be
coupled to the driving circuit or the control circuit, in order
to obtain the driving signal sequence of the light emitting
device. Ambient light filter 14 can start ambient light detec-
tion prior to the detection (e.g., before the start of the light
pulse sequence) beginning. In addition, ambient light filter
14 can detect the ambient light in the gap of light pulses of
the light pulse sequence. Thus, ambient light can be sampled
one or more times during the detection, and may be dynami-
cally filtered based on the dynamic variation of the ambient
light without increasing the power consumption. In this way,
the accuracy of the photo sensor and the associated photo
detector can be improved.

[0016] In this example, ambient light filter 14 can include
sample and detection circuit 141, current amplifier 142 and
control circuit 143. Sample and detection circuit 141 can
sample the optical current and obtains the current compo-
nent in a first mode, and may remove the current component
from the optical current and output detection signal 1, in a
second mode. Current amplifier 142 can generate amplified
current signal I, according to detection signal I ,or V ;. For
example, current amplifier 142 may be an error amplifier, a
telescopic cascode amplifier, or a folded cascode amplifier.
Control circuit 143 may switch sample and detection circuit
141 between the first and second modes. For example,
control circuit 143 can switch sample and detection circuit
141 to the first mode in at least one optical pulse gap, and
may switch sample and detection circuit 141 to the second
mode when the next optical pulse arrives.

[0017] Control circuit 143 may be a separate control
circuit, or a common control circuit that is shared by other
circuits of the photo detector. In addition, the control circuit
can be integrated with other circuitry in an integrated circuit
chip, or can be an independent integrated circuit. For
example, control circuit 143 can be switched to the first
mode in every optical pulse gap. Thus, the ambient light can
be detected each time after the emitting device stops emit-
ting light for the entire optical pulse sequence. Also, the
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ambient light can be detected in a corresponding optical
pulse gap every few optical pulses. As such, control circuit
143 may switch sample and detection circuit 14 to the first
mode in the optical pulse gap for each of a predetermined
number of optical pulse periods.

[0018] Referring now to FIGS. 2 and 3, shown are sche-
matic block diagrams of example ambient light filters, in
accordance with embodiments of the present invention.
Sample and detection circuit 141 can include sample and
hold circuit A, current detection circuit B, and switch 51.
Sample and hold circuit A can connect to an optical current
input terminal “a” that is coupled to the photoelectric
conversion circuit in order to receive optical current I,. The
sample and hold circuit A may cause the optical current of
a first proportion to flow in the first mode, and can maintain
the current intensity in the second mode.

[0019] Current detection circuit B may also be coupled to
the optical current input terminal “a,” and can form a current
mirror together with sample and hold circuit A in the first
mode. This arrangement can cause the optical current of a
second proportion to flow in the first mode, and may allow
the optical current shunted by the sample and hold circuit A
to flow in the second mode, in order to output detection
signal 1; or V ;. For example, the first proportion can be far
greater than the second proportion. Thus, the optical current
of the first proportion can approximatively represent the
optical current caused by the ambient light in the optical
pulse gap. For example, the sum of the first and second
proportions can be 1, and the first proportion may be set as
2N times the second proportion (e.g., N is greater than or
equal to 3, the first proportion is 23 times the second
proportion).

[0020] Switch S1 can connect between sample and hold
circuit A and current detection circuit B, for controlling the
mode of sample and hold circuit 141. When switch S1 is
turned on, sample and hold circuit A and current detection
circuit B may form a current mirror, and operate in the first
mode. When switch S1 is turned off, sample and hold circuit
A and current detection circuit B are off, sample and hold
circuit A can maintain the current, and current detection
circuit B can allow the optical current shunted by sample and
hold circuit A to flow, so both circuits may operate in the
second mode. Control circuit 143 can generate a control
signal to switch S1 to control switch S1 to turn on/off, in
order to control sample and detection circuit 141 to switch
between the first and second modes.

[0021] Forexample, sample and hold circuit A can include
transistor M1 (e.g., a field effect transistor [MOSFET]),
low-pass filter FL, and capacitor C1. Transistor M1 can
connect between the optical current input terminal and
ground. As such, the source and the drain of transistor M1
can be respectively connected to the optical current input
terminal “a” and ground. Such a relationship may be
reversed as desired depending on the type of transistor M1.
Low-pass filter FL can connect between the gate of transistor
M1 and mode control terminal “b,” and capacitor C1 can
connect between the mode control terminal and ground.
[0022] Current detection circuit B may be configured as a
current branch for mirroring the current of sample and hold
circuit A, so as to form a current mirror with sample and hold
circuit A when switch S1 is turned on. For example, current
detection circuit B can include transistor M2 (e.g., a field
effect transistor [MOSFET]) that is coupled between optical
current input terminal “a” and ground. As such, the gate and
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drain of transistor M2 may be respectively coupled to the
optical current input terminal and ground. Such a relation-
ship may be reversed as desired depending on the type of
transistor M2. Also, gate “g” and the source of transistor M2
can be connected together. One terminal of switch S1 can
connect to the mode control terminal “b,” and the other
terminal of switch S1 can connect to the gate of transistor
M2.

[0023] Thus, when switch S1 is turned on, sample and
hold circuit A and current detection circuit B may form a
current mirror with their input terminals being coupled to the
optical current input terminal. Thus, current flowing through
the sample and hold circuit A can be proportional to the
current flowing through current detection circuit B based on
the principles of the current mirror. As such, the optical
current of the first proportion may flow through sample and
hold circuit A, and the optical current of the second propor-
tion may flow through current detection circuit B. The flow
capacity of a transistor increases as its size increases, so
when the size of transistor M1 is set to be far greater than the
size of transistor M2, most of the optical current may flow
through transistor M1 when switch S1 is turned on.

[0024] Alternatively, transistor M1 of a larger size may be
replaced by a plurality of transistors M1 with each having
the same size as the size of transistor M2. When a plurality
of transistors M1 are coupled together (e.g., the sources, the
drains, and the gates of transistors M1 are coupled together),
the entirety of the plurality of parallel coupled transistors
M1 may have far greater flow capacity than transistor M2.
When switch S1 is turned off, capacitor C1 can maintain the
voltage at mode control terminal “b” as substantially con-
stant, and low-pass filter FL. can prevent the variation of the
voltage at the gate of transistor M1 that may be caused by
noises or abnormal mutation of the ambient light.

[0025] Since the gate voltage of transistor M1 may be
maintained as constant, the current flowing through transis-
tor M1 can accordingly be maintained as stable. Thus, in the
second mode, sample and hold circuit A can maintain the
current component corresponding to the sampled ambient
light. In addition, when switch S1 is turned off, transistor M2
may remain on to allow the current to flow. The current can
be obtained by subtracting current component I that is
shunted by transistor M1 from current I, at the optical
current input terminal. Thus, the current flowing through
transistor M2 can precisely represent the optical signal that
is obtained by filtering the ambient light from the received
light.

[0026] It should be understood that sample and hold
circuit A and the current detection circuit B shown in FIGS.
2 and 3 are only examples, and those having skilled in the
art will recognize that sample and hold circuit A can also be
formed by employing a source current branch of a given
current mirror circuit (e.g., a cascode current mirror), and
current detection circuit B can be formed by employing a
mirror current branch of the corresponding current mirror
circuit, in order to realize substantially the same function.
For example, ambient light filter 14 can also include switch
S2 that is coupled to the current amplifier. The current
amplifier can be enabled when switch S2 is turned on, and
disabled when switch S2 is turned off.

[0027] For example, switch S2 can be coupled to the
output current path of the current amplifier (as shown in
FIG. 2), or coupled to the input current path (as shown in
FIG. 3). Correspondingly, control circuit 143 can control
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switch S2 to turn off when switch S1 is turned on, and may
control switch S2 to turn on when switch 51 is turned off.
Thus, when switch S1 is turned on, sample and detection
circuit 141 can operate in the first mode in order to sample
the current component that corresponds to the ambient light,
and switch S2 can be turned off to disable current amplifier
142. When switch S1 is turned off, sample and detection
circuit 141 may operate in the second mode, in order to
generate a detection signal that represents the optical signal
obtained by filtering the ambient light from the received
light. Also, switch S2 can be turned on to enable current
amplifier 142, and the detection signal may be amplified to
generate the current signal. In this way, the current signal
can continue to be provided after the ambient light has been
filtered.

[0028] Those having skilled in the art will recognize that
switch S2 in the ambient light filter of FIGS. 2 and 3 may
not be needed in some cases. For example, if there is no
switch S2, the current amplifier may amplify the detection
signal of current detection circuit 141 without distinguish
the operation modes thereof. In such a case, the signal that
represents the intensity of the detection light can be obtained
by processing the current outputted by the current amplifier
according to the control sequence provided by control circuit
143. The accuracy of current component obtained after
filtering the ambient light from the optical current may not
be substantially effected regardless of which approach is
employed.

[0029] As shown in FIGS. 2 and 3, the current amplifier
can include operational amplifier OP and transistor M3. The
gate of transistor M2 can be coupled to the gate of transistor
M3 by way of operational amplifier OP. For example, the
gate of transistor M2 can connect to the non-inverting input
terminal of operational amplifier OP, and the inverting input
and output terminals of operational amplifier OP can connect
to the gate of transistor M3. Thus, operational amplifier OP
can not only follow the voltage (e.g., the gate voltage of
transistor M3 follows the gate voltage of transistor M2), but
may also isolate subsequent circuits from preceding circuits.
The current mirror formed by transistors M2 and M3 can
replicate the current flowing through transistor M2 to the
output terminal, in order to amplify the current.

[0030] Referring now to FIG. 4, shown is a waveform
diagram of example operation of an ambient light filter, in
accordance with embodiments of the present invention. The
photo-electric conversion circuit can receive total current I,
from the optical signal, and total current I,, may be a sum of
current component I, from the optical pulse signal and
current component I, from the ambient light. Current
component I, can be zero when the light emitting device is
not presently emitting light, and current component I can
dynamically change along with the ambient light. From t0 to
tl, light emitting device 11 may not be emitting light.
Photo-electric conversion circuit 13 may only be exposed to
the ambient light, and control circuit 143 can control switch
S1 to turn on, and switch S2 to turn off. Sample and hold
circuit A can operate in the first mode, and most of current
component I, caused by the ambient light may flow
through one side of sample and hold circuit A, and the
current component that flows through one side of current
detection circuit B may be negligible, i.e., [, =z, [~0.
[0031] From tl to t2, light emitting device 11 can begin
operating (e.g., emitting light). The photo-electric conver-
sion circuit can be exposed to the optical pulse signal
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reflected by the object and the ambient light. Thus, control
circuit 143 can control switch Si to turn off, and switch S2
to turn on, and sample and hold circuit A may operate in the
second mode (e.g., current component I, remains stable).
The current component that corresponds to the ambient light
can remain flowing through sample and hold circuit A. Thus,
the current component caused by the ambient light can be
filtered from input optical signal [, and the current com-
ponent caused by the optical pulse signal may through
current detection circuit B, and can also be provided to the
current amplifier. Therefore, effects of the ambient light can
be substantially eliminated without increasing the power
consumption of the light emitting device.
[0032] From (2 to t3, after a predetermined number of
pulse emitting periods has elapsed (e.g., 3), in the gap of
pulse emitting periods, light emitting device 11 may not be
emitting light. The photo-electric conversion circuit may
only be exposed to the ambient light. Control circuit 143 can
control switch S1 to turn on, and switch S2 to turn off, and
sample and hold circuit A may operate in the first mode.
Most of current component I; caused by the ambient light
can flow through one side of sample and hold circuit A, and
the current component that flows through one side of current
detection circuit B may be negligible. It can be seen from the
example of FIG. 4 that the photo pulse gap during the time
interval from t2 to t3 is in the middle of the entire photo
pulse sequence, and the photo pulse sequence of a full
measurement may not yet be completed. In this way, the
ambient light can be detected for several times in the middle
of the measurement, in order to ensure the accuracy of
ambient light filter.
[0033] From time t3, the circuit can switch to the second
mode to repeat the filtering operation, and after a predeter-
mined time interval, the current component that corresponds
to the ambient light can be sampled in the photo pulse gap.
The photo sensor of particular embodiments can be applied
in heart rate detectors, or photo detectors for obtaining an
object by detecting the intensity of the light reflected by the
object (e.g., a distance detection apparatus, etc.).
[0034] In particular embodiments, the sample and detec-
tion circuit can be configured to sample the ambient light in
a first mode, and filter the ambient light component from the
optical current in a second mode. Also, the control circuit
that is used to control the modes of the sample and detection
circuit can be configured to switch the sample and detection
circuit to the first mode in at least one optical pulse gap, and
to switch the sample and detection circuit to the second
mode when the next optical pulse arrives. Thus, the ambient
light can be detected for one or more times during the
detection period, in order to improve the accuracy of the
photo sensor and the associated photo detector without
significantly increasing the power consumption. In this way,
good performance may be achieved in a variety of environ-
ments,
[0035] The embodiments were chosen and described in
order to best explain the principles of the invention and its
practical applications, to thereby enable others skilled in the
art to best utilize the invention and various embodiments
with modifications as are suited to particular use(s) contem-
plated. It is intended that the scope of the invention be
defined by the claims appended hereto and their equivalents.
What is claimed is:

1. An ambient light filter configured to filter ambient light
noises from an optical current that is at least partially caused
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by an optical pulse sequence emitted by a light emitting
device, the ambient light filter comprising:

a) a sample and detection circuit configured to sample
said optical current and to obtain a current component
in a first mode, and to remove said current component
from said optical current and to generate a detection
signal in a second mode;

b) a current amplifier configured to receive said detection
signal, and to generate an amplified current signal; and

¢) a control circuit configured to switch said sample and
detection circuit between said first and second modes,
wherein said control circuit switches said sample and
detection circuit to said first mode in at least one optical
pulse gap, and switches said sample and detection
circuit to said second mode when a next optical pulse
arrives.

2. The ambient light filter of claim 1, wherein said control
circuit switches said sample and detection circuit to said first
mode in said optical pulse gap every predetermined number
of optical pulse periods.

3. The ambient light filter of claim 1, wherein said sample
and detection circuit comprises:

a) a sample and hold circuit coupled to an optical current
input terminal, and being configured to cause said
optical current of a first proportion to flow in said first
mode, and to maintain an intensity of said optical
current in said second mode;

b) a current detection circuit that forms a current mirror
with said sample and hold circuit in said first mode, and
being configured to cause said optical current of a
second proportion to flow in said first mode, and to
allow said optical current shunted by said sample and
hold circuit in said second mode, in order to generate
a detection signal;

¢) a first switch coupled between said sample and hold
circuit and said current detection circuit, and being
configured to control modes of said sample and hold
circuit; and

d) said control circuit being configured to control said first
switch so as to control said sample and detection circuit
to switch between said first and second modes, wherein
said first proportion is far greater than said second
proportion.

4. The ambient light filter of claim 3, wherein said

ambient light filter comprises:

a) a second switch coupled to said current amplifier,
wherein said current amplifier is enabled when said
second switch is turned on, and disabled when said
second switch is turned off; and

b) said control circuit being configured to turn off said
second switch when said first switch is turned on, and
to turn on said second switch when said first switch is
turned off.

5. The ambient light filter of claim 3, wherein said sample

and hold circuit comprises:

a) a first transistor coupled between said optical current
input terminal and ground;

b) a low-pass filter coupled between a gate of said first
transistor and a mode control terminal; and

¢) a capacitor coupled between said mode control terminal
and ground.

6. The ambient light filter of claim 5, wherein said current

detection circuit comprises:
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a) a second transistor coupled between said optical current
input terminal and ground, wherein a gate of said
second transistor is coupled to a source thereof; and

b) said first switch is coupled between said mode control
terminal and said gate of said second transistor,
wherein a size of said first transistor is greater than a
size of said second transistor.

7. The ambient light filter of claim 3, wherein said sample

and hold circuit comprises:

a) a plurality of parallel coupled first transistors coupled
between said optical current input terminal and ground,
wherein gates of each of said plurality of said first
transistors are coupled together;

b) a low-pass filter coupled between said gates of said
plurality of first transistors and a mode control termi-
nal; and

¢) a capacitor coupled between said mode control terminal
and ground.

8. The ambient light filter of claim 7, wherein said current

detection circuit comprises:

a) a second transistor coupled between said optical current
input terminal and ground, a gate of said second field
effect transistor is coupled to a source thereof; and
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b) said first switch is coupled between said mode control
terminal and said gate of said second transistor,
wherein a size of said plurality of first transistors is
greater than a size of said second transistor.

9. The ambient light filter of claim 8, wherein a size of
each of said plurality of first transistors is the same as a size
of said second transistor.

10. A photo sensor, comprising the ambient light filter of
claim 1, and further comprising:

a) a light emitting device configured to emit light;

b) a driving circuit configured to drive said light emitting
device to emit light; and

¢) a photo-electric conversion circuit coupled to said

ambient light filter, and being configured to generate
said optical current according to an optical signal.

11. The photo sensor of claim 10, being configured in a
heart rate detector.

12. The photo sensor of claim 10, being configured in a
distance detection apparatus.

* ok %k
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