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7) ABSTRACT

A device for read-out of a photoplethysmography (PPG)
signal comprises: a photodiode, which is configured to
detect a PPG signal, the photodiode comprising a first and a
second terminal; and a read-out circuitry for reading out the
PPG signal, wherein an input stage is connected to receive
a first and a second input signal from the terminals and a DC
bias voltage, and wherein the input stage is configured for
current sensing to provide a fully differential amplification
of the input signals to a first and a second current signal, and
wherein an output stage is configured to receive the current
signals, wherein the current signals comprise an AC and a
DC component of the PPG signal, and wherein the output
stage is configured to generate a differential output voltage
through a gain component.
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DEVICE FOR READ-OUT OF A
PHOTOPLETHYSMOGRAPHY SIGNAL AND
A WEARABLE SENSOR

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application is based on priority
claimed on European Patent Application No. 18212678.9,
filed on Dec. 14, 2018, the contents of which are incorpo-
rated herein by reference.

TECHNICAL FIELD

[0002] The present inventive concept relates to a device
for read-out of a photoplethysmography (PPG) signal. In
particular, the present inventive concept relates to a read-out
circuitry for acquiring a PPG signal.

[0003] The present inventive concept also relates to a
wearable sensor, in which the device for read-out of a PPG
signal is arranged.

BACKGROUND ART

[0004] Acquisition of signals representing a heart activity
of a subject is important or of interest in many contexts. The
signals may be used in clinical settings to provide informa-
tion for treatment of the subject, but may also be used for
general monitoring of a physical condition of the subject.
Also, monitoring of heart activity may be of inte rest to the
subject, e.g. for monitoring exercise or other activities of the
subject. Photoplethysmography is a technology of interest in
monitoring heart activity as it may be provided in a wearable
device which may minimally affect a comfort of the subject
wearing the device.

[0005] However, a photoplethysmogram (PPG) signal
may be affected by motion artif acts, which can introduce a
larger amplitude than the PPG signal. Thus, if the subject is
moving, motion artifacts may be generated which may cause
quality of an acquired PPG signal to deteriorate or may
prevent making any assessments based on the PPG signal.
This is accentuated, when the PPG signal is acquired during
daily life of a subject.

[0006] Motion artifacts in the PPG signal may have a large
amplitude. Thus, it would be desirable that read-out circuitry
for reading out the PPG signal provides a high dynamic
range.

[0007] In U.S. Pat. No. 5,561,288 a highly sensitive opti-
cal receiver is disclosed where one terminal of a photodiode
of the receiver is connected to a negatively biased amplifier
while the other terminal of photodetector is connected to a
positively biased amplifier , where such connections auto-
matically bias the photodiode and use the current from both
terminals (anode and cathode) of the photodiode. The optical
receiver further has a DC cancellation circuit to eliminate
the biasing voltages in the final output signal.

[0008] Amplifiers connected to both terminals of a pho-
todiode may allow an improved dynamic range in detecting
a photodiode signal. However, since a DC cancellation
circuit is used for eliminating biasing voltages, the receiver
circuitry prevents detection of DC components of the pho-
todiode signal. This prevents detection of a DC component
of a PPG signal, which may provide information of the
physical condition of the subject.
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[0009] Thus, it would be desirable to provide read-out of
a PPG signal using a high dynamic range while enabling DC
components of the PPG signal to be detected.

SUMMARY

[0010] An objective of the present inventive concept is to
provide a read-out of PPG signals, which may enable
acquiring PPG signals with a high dynamic range, while
maintaining a DC component of the PPG signal.

[0011] This and other objectives of the invention are at
least partly met by the invention as defined in the indepen-
dent claims. Preferred embodiments are set out in the
dependent claims.

[0012] According to a first aspect, there is provided a
device for read-out of a photoplethysmography (PPG) sig-
nal, said device comprising: a photodiode, which is config-
ured to detect a PPG signal as intensity of light based on
interaction of an emitted light signal with a blood flow of a
subject, the photodiode comprising a first and a second
terminal on opposite sides of the photodiode; and a read-out
circuitry for reading out the PPG signal detected by the
photodiode, the read-out circuitry comprising an input stage
and an output stage; wherein the input stage is connected to
receive a first input signal from the first terminal of the
photodiode, a second input signal from the second terminal
of the photodiode, and a DC bias voltage, and wherein the
input stage is configured for current sensing to provide a
fully differential amplification of the first input signal and
the second input signal to a first current signal and a second
current signal, and wherein the output stage is configured to
receive the first current signal and the second current signal,
wherein the first current signal and the second current signal
comprise an AC component and a DC component of the PPG
signal, and wherein the output stage is configured to gen-
erate a differential output voltage through a gain component.
[0013] The device is configured to provide a fully differ-
ential amplification of the first and second input signal from
the photodiode. This implies that a high dynamic range of
the read-out circuitry may be provided.

[0014] Further, the input stage is connected to receive a
DC bias voltage. Thus, the photodiode may be set to be
reverse biased. A reverse bias of the photodiode may reduce
a response time of the photodiode compared to a photodiode
with zero bias (in a photovoltaic mode).

[0015] Thus, the device may enable read-out of a PPG
signal with a short settling time. This may be particularly
advantageous as the PPG signal may be acquired based on
short pulses of light from a light-emitting diode (LED).
Hence, power consumption of a LED for emitting light in
order to enable PPG signal acquisition may be limited. Since
the device may typically be used for being worn by a subject,
power consumption may be important in order to reduce
need of recharging a battery.

[0016] The input stage of the device is configured for
current sensing to provide a first current signal and a second
current signal, which are received by the output stage.
Thanks to the use of current sensing, the device enables the
photodiode signal to be sensed without being affected by the
DC bias voltage.

[0017] The current sensing for each current signal may be
provided by a current sensor being included in a feedback
loop of an amplifier. Further, the bias voltage may be
provided at a positive input of the amplifier. This implies that
a DC bias for the photodiode may be provided without
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interfering with detection of the photodiode signal through
the current sensor. Hence, the device may enable detection
of aDC component which is not affected by a DC bias. Thus,
the device may provide read-out of a PPG signal for pro-
viding a differential output voltage with an AC component
and a DC component without a DC bias voltage appearing
in the differential output voltage.

[0018] The device may allow acquiring of a PPG signal
with a high dynamic range through the using of a fully
differential amplification. The device may further provide a
fast response time allowing use of short LED pulses by
providing a DC bias of the photodiode. Further, thanks to
arrangement of current sensing, the DC bias need not affect
the acquired signal such that both AC component and DC
component of the PPG signal may be acquired.

[0019] The read-out circuitry may be provided integrated
in a chip, such as being part of a system-on-a-chip (SoC).
This may facilitate arranging the read-out circuitry in dif-
ferent apparatuses, which may also include the photodiode
and a LED for emitting light in order to enable PPG signal
acquisition. Thus, the SoC may for instance be embedded in
a wearable sensor, but it may alternatively be arranged in a
non-wearable apparatus, which may for instance be used in
a hospital for acquiring a PPG signal.

[0020] According to an embodiment, the input stage com-
prises a first differential amplifier, which coniprises a first
and a second input of the first differential amplifier con-
nected to receive the first input signal and the DC bias
voltage, respectively, and which is configured to output an
amplified signal to a first current sensor for generating the
first current signal, and wherein the input stage comprises a
second differential amplifier, which comprises a first and a
second input of the second differential amplifier connected
to receive the second input signal and the DC bias voltage,
respectively, and which is configured to output an amplified
signal to a second current sensor for generating the second
current signal.

[0021] Thus, the input stage may be configured to provide
differential amplification by means of a first and a second
differential amplifier connected to the first and the second
terminal of the photodiode, respectively.

[0022] According to an embodiment, the first differential
amplifier comprises a feedback loop connecting the first
current sensor to the first input of the first differential
amplifier, and wherein the second differential amplifier
comprises a feedback loop connecting the second current
sensor to the first input of the second differential amplifier.
[0023] A signal current may be sensed through the feed-
back loops of the differential amplifier and the photodiode.
The first and second current sensors may be configured to
detect the signal current, which may enable the signal
current to be provided to the output stage.

[0024] The first and the second differential amplifier may
each be connected to the DC bias voltage at a positive input
of each of the first and the second differential amplifier. The
bias voltage may then be provided to the terminals of the
photodiode by the feedback loop.

[0025] According to this embodiment, a DC bias for the
photodiode may be suitably provided without interfering
with detection of the photodiode signal through the first and
second current sensors.

[0026] According to an embodiment, the output stage
comprises a first current source, which is controlled by the
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first current signal, and a second current source, which is
controlled by the second current signal.

[0027] The first and the second current source may ensure
that a signal current forming a copy of a signal current
through the photodiode may be provided at the output stage.
The copied signal current may thus be advantageously used
for generating a differential output voltage which enables
detection of both AC component and DC component of the
PPG signal.

[0028] According to an embodiment, the gain component
of the output stage comprises a resistor for providing a
transimpedance amplifier mode of the output stage.

[0029] The transimpedance amplifier may provide a cur-
rent to voltage converter for converting the sensed current
signals to an output voltage.

[0030] A transimpedance amplifier may present a low
impedance to the photodiode and isolate the photodiode
from an output voltage of the transimpedance amplifier.
[0031] According to an embodiment, the gain component
of the output stage comprises a capacitor for providing an
integration mode of the output stage.

[0032] The integration mode may provide a low-pass filter
of the device, which may be useful for filtering out high
frequencies from the PPG signal.

[0033] According to an embodiment, the output stage is
configured to be selectively set in a transimpedance ampli-
fier mode or an integration mode.

[0034] Thus, the output stage may be dynamically con-
trolled in order to switch an operation mode of the device,
e.g. based on conditions for reading the PPG signal. This
increases versatility of the device.

[0035] According to a second aspect, there is provided a
wearable sensor for acquiring physiological information
through a photoplethysmography (PPG) signal, the wearable
sensor comprising: a carrier, which is configured to be worn
by a subject; a light emitting diode (LED), which is con-
figured to emit a light signal; a device according to any one
of the preceding claims; wherein the carrier is configured to
carry the LED and the device such that, when the carrier is
worn by the subject, the LED is arranged to emit a light
signal towards a skin of the subject and the photodiode of the
device is arranged to detect the PPG signal as intensity of
light based on interaction of the emitted light signal with a
blood flow of the subject.

[0036] Effects and features of this second aspect are
largely analogous to those described above in connection
with the first aspect. Embodiments mentioned in relation to
the first aspect are largely compatible with the second
aspect.

[0037] Thus, a wearable sensor for acquiring a PPG signal
may be provided with a device which enables a high
dynamic range of the acquired signal. Thus, the wearable
sensor may provide a useful PPG signal in relation to large
amplitude motion artifacts, which is especially advanta-
geous as a wearable sensor may be relatively prone to be
exposed to motion artifacts.

[0038] Further, the read-out of the PPG signal may pro-
vide a short settling time, which may allow use of short light
pulses by the LED while still allowing a high quality PPG
signal to be acquired. This may ensure that a power con-
sumption of the LED is limited, which is very useful in the
wearable sensor, e.g. because re-charging of a battery may
need to be performed less frequently, improving usability of
the wearable sensor.
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[0039] According to an embodiment, the LED is config-
ured to emit green light.

[0040] A PPG signal based on a green light may provide
a relatively large ratio between AC and DC components.
Hence, using the device for read-out of the PPG signal for
reading out a PPG signal based on emitted green light may
enable representing the AC components of the PPG signal
with high accuracy, while the dynamic range of the reading
out of the PPG signals allows detection of both DC and AC
level of the PPG signal.

[0041] It should be realized that the wearable sensor may
alternatively or additionally be provided with a LED that is
configured to emit red light and/or a LED that is configured
to emit infrared light.

[0042] Detection of the PPG signal may benefit from a
high dynamic range regardless of a wavelength used for
detecting the PPG signal. Different wavelengths may be
used for different types of analysis of the PPG signal. For
instance, green light may typically be used in detection of a
heart rate from the PPG signal, whereas red light and/or
infrared light may typically be used for determining blood
oxygen saturation based on the PPG signal.

[0043] According to an embodiment, the carrier is con-
figured to carry the LED and the photodiode of the device
such that, when the carrier is worn by the subject, the
photodiode is configured to detect light emitted by the LED
that is reflected by blood flow of the subject.

[0044] A PPG signal acquired in reflection mode may
provide a stronger signal than a PPG signal acquired in
transmissive mode. This implies that a smaller intensity of
light may be used, such that power consumption of the
wearable sensor may be limited. Further, a large ratio
between AC and DC components of the PPG signal may
enable representing the AC components of the PPG signal
with high accuracy, while the dynamic range of the reading
out of the PPG signals allows detection of both DC and AC
level of the PPG signal.

[0045] However, it should be realized that the wearable
sensor may alternatively be configured to carry the LED and
the photodiode of the device such that, when the carrier is
worn by the subject, the photodiode is configured to detect
light emitted by the LED that is transmitted through blood
flow of the subject. For instance, the LED and the photo-
diode may be arranged at opposite sides of a carrier being
configured to be worn around a body part of the subject, such
as around a wrist or a finger of the subject.

[0046] According to an embodiment, the wearable sensor
further comprises LED driving circuitry, which is configured
to control the LED to emit pulsed light.

[0047] Thus, the wearable sensor may be configured to
control the LED such that light pulses may be emitted for
acquiring the PPG signal. Since the device for read-out of
the PPG signal may have a short settling time, the LED
driving circuitry may control the LED to emit short pulses
of light, such that a power consumption of the wearable
sensor may be limited.

[0048] According to an embodiment, the wearable sensor
further comprises a processor, which is configured to receive
a processor input signal based on the differential output
voltage from the output stage of the read-out circuitry and
which is configured to process the processor input signal for
determining physiological information based on the proces-
sor input signal.
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[0049] Thus, the wearable sensor may comprise a proces-
sor such that physiological information may be determined
within the wearable sensor. However, it should be realized
that the wearable sensor may alternatively transfer a read out
PPG signal to an external processor, which may be arranged
in any external apparatus.

[0050] According to an embodiment, the processor is
configured to determine an estimated heart rate based on the
PPG signal.

[0051] Thus, the PPG signal may allow determining a
heart rate of a subject. This implies that the wearable sensor
may provide determination of a heart rate, while not affect-
ing daily life of a subject as the wearable sensor may e.g. be
worn around a wrist of the subject.

[0052] According to an embodiment, the processor is
configured to determine an estimated blood oxygen satura-
tion.

[0053] Determination of blood oxygen saturation may
typically include calculating a first ratio of AC component to
DC component for the PPG signal based on red light and a
second ratio of AC component to DC component for the
PPG signal based on IR light and then determining a ratio of
the first ratio to the second ratio. Thus, determination of
blood oxygen saturation may require detecting both an AC
component and a DC component of a PPG signal. Hence, the
device for read-out of the PPG signal is especially suited for
detecting a PPG signal such that blood oxygen saturation
may be estimated, since the DC component of the PPG
signal is maintained.

[0054] According to an embodiment, the wearable sensor
may further comprise a signal pre-processing unit, which is
configured to receive a differential output voltage signal
from the read-out circuitry and to pre-process the differential
output signal by filtering the signal and analog-to-digital
converting the signal.

[0055] Thus, the wearable sensor may be configured to
process the differential output voltage signal to provide a
digital representation of the PPG signal, which may facili-
tate further processing of the PPG signal, such as making
analyses based on the PPG signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0056] The above, as well as additional objects, features
and advantages of the present inventive concept, will be
better understood through the following illustrative and
non-limiting detailed description, with reference to the
appended drawings. In the drawings like reference numerals
will be used for like elements unless stated otherwise.
[0057] FIG. 1 is a schematic view of a wearable sensor
according to an embodiment.

[0058] FIG. 2 is a schematic view of a PPG signal illus-
trating a DC component and an AC component.

[0059] FIG. 3a is a schematic view of an input stage of a
read-out circuitry for reading out a PPG signal according to
an embodiment.

[0060] FIG. 3b is a schematic view of an output stage of
a read-out circuitry for reading out a PPG signal according
to an embodiment.

[0061] FIG. 4 is a schematic view of a read-out circuitry
according to a first embodiment.

[0062] FIG. 5 is a schematic view of a read-out circuitry
according to a first embodiment.

[0063] FIG. 6a is a schematic view illustrating signal
levels in the read-out circuitry.
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[0064] FIG. 64 is a schematic view illustrating a dynamic
range of the read-out circuitry.

DETAILED DESCRIPTION

[0065] Detailed embodiments of the present inventive
concept will now be described with reference to the draw-
ings.

[0066] Referring now to FIG. 1, a wearable sensor 100 for
acquiring and processing a photoplethysmography (PPG)
signal will be generally described.

[0067] The wearable sensor 100 may comprise a PPG
detector 102. The PPG detector 102 may comprise a light
source 104 and a light sensor 106 for detecting an intensity
of light. The light source 104 and the light sensor 106 may
be arranged on opposite sides of tissue, such as a fingertip,
for acquiring an intensity of light transmitted through the
tissue, so called transmittance-type PPG. However, the light
source 104 and the light sensor 106 may alternatively be
arranged on a common side of tissue for acquiring an
intensity of light diffusely reflected by the tissue, so called
reflectance-type PPG. Reflectance-type PPG may be advan-
tageously used, because it may facilitate arranging the PPG
detector 102 in a wrist-worn device, such as in a smart watch
or bracelet, or in an adhesive patch which may e.g. be
attached to a chest of a person.

[0068] The light source 104 may be provided in form of a
light emitting diode (LED). A LED may enable an accurate
control of light emitted by the light source 104 and may
output light of a desired wavelength for receiving a desired
response from the tissue.

[0069] The light source 104 may be connected to a driving
circuitry 108, which may control the light source 104 to
output light.

[0070] The driving circuitry 108 may need to provide a
current in an order of 10 mA in order to drive the LED 104
to emit light of such an intensity that the light penetrates skin
and tissue so as to enable detecting a PPG signal from
interaction of light with blood flow. This implies that power
consumption for driving the LED 104 may constitute a
major portion of power consumed by a wearable sensor 100.
[0071] In order to reduce power consumption, the driving
circuitry 108 may control the LED 104 to emit light pulses.
However, noise folding puts a limit to reduction of a
repetition frequency of emitted pulses. Thus, in order further
reduce power consumption of the wearable sensor 100, a
pulse length of the emitted light pulses should be reduced.
This, on the other hand, requires a fast settling time of a
read-out circuitry for reading out a signal from the light
sensor 106.

[0072] The light sensor 106 may be provided in form of a
photodiode 106, which is configured to generate a signal
based on amount of light incident on the photodiode 106.
[0073] The wearable sensor 100 may further comprise
read-out circuitry 110 for reading out a PPG signal from the
photodiode 106, as will be described in further detail below.
The read-out circuitry 110 may be adapted to provide a fast
settling time so as to enable use of short light pulses by the
LED 104.

[0074] The wearable sensor 100 may further comprise a
processor 150, which is configured to process a signal
acquired by the read-out circuitry 110. The processor 150
may be configured to process the signal in order to determine
physiological information of a subject wearing the wearable
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sensor 100. The processor 150 may for instance determine a
heart rate of the subject based on the received signal.

[0075] The processor 150 may thus provide processed
information which may e.g. be further transferred to an
external unit or may be output on a display for presentation
to the subject.

[0076] The processor 150 may be arranged to be carried
by a common carrier 160 with the PPG detector 102. The
processor 150 may thus be arranged in a unit, which may be
worn by the subject, thus allowing acquiring signals and also
processing of the signals close to the subject. This may
imply that the processing may be performed in real-time and
analysis results may be provided directly to the subject, e.g.
in a display mounted on the carrier 160.

[0077] However, the processor 150 may be arranged in a
different unit remote from the carrier 160. Thus, the carrier
160 may be provided with a communication unit, for wired
or wireless communication, and may transmit, possibly
pre-processed, PPG signals to an external unit housing the
processor 150. The external unit may be arranged close to
the subject, such as in a computer arranged in a hospital
room, when the carrier 160 is worn by a subject receiving
hospital care. However, the external unit may also be very
remotely placed. The communication may be over a com-
puter network, such as the Internet, which may also allow
the processor 150 to be arranged on any server or computer
connected to the network and may hence be said to be
provided “in the cloud”. The processor 150 may then further
be arranged to transmit cleaned PPG signals or extracted
features back to a unit close to the subject, or to a commu-
nication unit in the carrier 160, e.g. for display of results to
the subject.

[0078] The processor 150 may be implemented in hard-
ware, or as any combination of software and hardware. At
least part of the functionality of the processor 150 may, for
instance, be implemented as software being executed on a
general-purpose computer. The wearable sensor 100 may
thus be used in combination with one or more processing
units, such as a central processing unit (CPU), which may
execute the instructions of one or more computer programs
in order to implement desired functionality.

[0079] The processor 150 may alternatively be imple-
mented as firmware arranged e.g. in an embedded system, or
as a specifically designed processing unit, such as an Appli-
cation-Specific Integrated Circuit (ASIC) or a Field-Pro-
grammable Gate Array (FPGA).

[0080] The processor 160 may be further configured to
control the driving circuitry 108 for the LED 104.

[0081] According to an embodiment, the carrier 160 may
be wearable by the subject. The carrier 160 may thus
comprise an adhesive patch for attachment to a skin surface
of the subject. The carrier 160 may alternatively comprise a
band element or ring-shaped element for attachment around
abody part. The carrier 160 could for instance comprise two
band parts, which may be attached to each other in an
adjustable relationship for fitting the carrier 160 tightly
around the body part. This may be used for arranging the
carrier 160 around a wrist, a finger or a torso of the subject.
[0082] Wrist-worn PPG devices such as smart watches
may be used during daily ambulatory activities, which leads
to relatively frequent motion artifacts. Motion in daily life
can change the ambient light captured by the light sensor
106, the location of the carrier 160 with respect to the wrist,
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and a pressure between the carrier 160 and skin. All of these
changes may cause fluctuations in the detected PPG signals.
[0083] FIG. 2 is based on a figure presented in Sun Y.,
Thakor N., “Photoplethysmography revisited: from contact
to noncontact, from point to imaging”, IEEE Transactions on
Biomedical Engineering, 2016, vol. 63, no. 3, pp: 463-477.
[0084] As shown in FIG. 2, the detected PPG signal 200
can be split into two components. One component is a DC
component which originates from constant absorbance by
skin pigmentation, fat, muscle, bone and an average blood
volume of arterial and venous blood in the illuminated
tissue. The other component is an AC component which
originates from the cardiac-induced variations in blood
volume that are related to the cardiac rhythm (systole and
diastole). The AC component may be mainly used for
determining heart activity of a subject, such as for extraction
of heart rate, e.g. by detecting peaks in the AC component
and determining a frequency of peaks.

[0085] A ratio of the AC component to the DC component
may be used in estimating blood oxygen saturation of the
subject. For instance, blood oxygen saturation may be
determined by calculating a first ratio of AC component to
DC component for the PPG signal based on red light and a
second ratio of AC component to DC component for the
PPG signal based on IR light and then determining a ratio of
the first ratio to the second ratio. The blood oxygen satura-
tion may thus be estimated based on a pulse modulation ratio
R given by:

DCoq
ACIR ’
DCir

[0086] where red is AC,_, an amplitude of the AC com-
ponent for the PPG signal based on red light, DC,_, is a level
of the DC component for the PPG signal based on red light,
AC,; is an amplitude of the AC component for the PPG
signal based on infrared light, DC, is a level of the DC
component for the PPG signal based on infrared light.
[0087] An amplitude of the DC components may vary
substantially. Further, it is desired to detect the AC compo-
nent superposed on the DC component. Also, motion arti-
facts may cause the signal level to vary substantially. Hence,
the dynamic range of the read-out circuitry 110 is preferably
large. For instance, a dynamic range of more than 80 dB may
be desired.

[0088] Referring now to FIGS. 3a-4, the read-out circuitry
110 for reading out the PPG signal detected by the photo-
diode 106 will be described in further detail.

[0089] The read-out circuitry 110 may comprise an input
stage 112 as illustrated in FIG. 3a and an output stage 134
as illustrated in FIG. 3b.

[0090] The input stage 112 may be connected to receive a
first input signal from a first terminal 114 of the photodiode
106 and a second input signal from a second terminal 116 of
the photodiode 106. Thus, a differential input may be
provided to the input stage 112 from the photodiode 106.
[0091] The input stage 112 may comprise a first differen-
tial amplifier 118, which comprises a first input 120 con-
nected to receive the first input signal and a second input 122
connected to receive a DC bias voltage. The first differential
amplifier 118 may be configured to output an amplified
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signal to a first current sensor 124, which is also connected
to a feedback loop of the first differential amplifier 118 for
providing a feedback signal to the first input 120.

[0092] The input stage 112 may further comprise a second
differential amplifier 126, which comprises a first input 128
connected to receive the second input signal and a second
input 130 connected to receive the DC bias voltage. The
second differential amplifier 126 may be configured to
output an amplified signal to a second current sensor 132,
which is also connected to a feedback loop of the second
differential amplifier 126 for providing a feedback signal to
the first input 128.

[0093] The signal current I as indicated in FIG. 3a is
sensed by the first and second current sensors 124, 132.
Further, the DC bias voltage for the photodiode 106 is set at
positive inputs 122, 130 of the first and the second differ-
ential amplifiers 118, 126, such that the DC bias voltage is
applied to the first terminal 114 and the second terminal 116
of the photodiode 106 by the feedback loop of the first
differential amplifier 118 and the second differential ampli-
fier 126, respectively. The current sensing by the first and
second current sensors 124, 132 and the DC biasing of the
photodiode 106 may be provided simultaneously without
interfering with each other.

[0094] The DC biasing of the photodiode 106 may ensure
that the photodiode 106 may have a low parasitic capaci-
tance. Further, the input stage 112 may be configured to
provide low impedance nodes at the photodiode inputs. This
may facilitate that the read-out circuitry 110 enables a fast
settling time.

[0095] The output stage 134 may be connected to receive
a first input signal based on a first current signal generated
by the first current sensor 124 and a second input signal
based on a second current signal generated by the second
current sensor 132. The output stage 134 may be configured
to form a copied signal current I, in the output stage 134.

[0096] The output stage 134 may be configured such that
the copied signal current I, may ﬂo.w through a gain
component 136 to generate a differential output voltage
Vops Vou at nodes 138, 140.

[0097] As shown in FIG. 34, the output stage 134 may
comprise a first current source 142 which is controlled by the
first current signal and a second current source 144 which is
controlled by the second current signal. The current sources
142, 144 may be arranged on opposite sides of the gain
component 136 so as to generate a copied signal current I, ,
through the gain component 136. Instead of the current
sources 142, 144, the output stage 134 may alternatively be
provided with current sinks.

[0098] As schematically illustrated in FIG. 35, the gain
component 136 may be configured as a resistor or a capaci-
tor. When the gain component 136 is configured as a resistor,
a transimpedance amplifier mode of operation of the output
stage 134 is provided. When the gain component 136 is
configured as a capacitor, an integration mode of operation
of the output stage 134 is provided.

[0099] The output stage 134 may be configured to be
controlled, such that the output stage 134 may be selectively
set in the transimpedance amplifier mode or the integration
mode based on a control signal received by the output stage
134. Thus, the read-out circuitry 110 may be dynamically
controlled to provide a transimpedance amplifier function-
ality or an integrator functionality.
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[0100] Referring now to FIG. 4, a more detailed architec-
ture of the read-out circuitry 110 according to a first embodi-
ment is illustrated.

[0101] Here, bias voltages Vg, op, and Vg, c, are pro-
vided to the first differential amplifier 118 and the second
differential amplifier 126, respectively, to generate a current
1 through the photodiode 106. The current passes through
transistors 124a, 132a of the first and second current sensor
124, 132, respectively.

[0102] Signals N3 and N4 from the transistors 124a, 1324,
respectively are provided to current sources 142, 144 for
generating a copied signal current [, in the output stage
134 through the gain component 136.

[0103] The output stage 134 is further provided with a
common mode feedback circuit 146.

[0104] Referring now to FIG. 5, a more detailed architec-
ture of the read-out circuitry 210 according to a second
embodiment is illustrated.

[0105] Here, bias voltages Vg, op, and Vg, q are pro-
vided to the first differential amplifier 218 and the second
differential amplifier 226, respectively, to generate a current
1 through the photodiode 206. The current passes through
transistors 224a, 232a of the first and second current sensor
224, 234, respectively.

[0106] The signal on a gate of the transistor 224a is
provided to a gate of a first transistor 242 of the output stage
234 and the signal on a gate of the transistor 232« is
provided to a gate of a second transistor 244 of the output
stage 234. The first and second transistors 242, 244 are
arranged on opposite sides of the gain component 236 for
providing a copied signal current I, in the output stage
234 through the gain component 236.

[0107] Again, the output stage 234 is further provided
with a common mode feedback circuit 246.

[0108] Referring now to FIGS. 6a-b, the large dynamic
range provided by the read-out circuitry 110 is further
explained.

[0109] As illustrated in FIG. 6a, the photodiode 106 is
biased with a DC voltage (Vzrisp Vaasy) 0 generate
current I through the photodiode 106. The input buffer stage
112 provides current output, and this differential current is
down-converted to the load. This results in the output
biasing points V ,pand V ,,, smaller than Vg, o and Vi, o,
meaning a large dynamic range, as illustrated in the shaded
areas in FIG. 6b, which illustrates the available output
ranges in the read-out circuitry 110. Basically, when the
output load is reduced, both biasing voltages and photodiode
current are reduced.

[0110] In the above the inventive concept has mainly been
described with reference to a limited number of examples.
However, as is readily appreciated by a person skilled in the
art, other examples than the ones disclosed above are equally
possible within the scope of the inventive concept, as
defined by the appended claims.

What is claimed is:

1. A device for read-out of a photoplethysmography, PPG,

signal, said device comprising:

a photodiode, which is configured to detect a PPG signal
as intensity of light based on interaction of an emitted
light signal with a blood flow of a subject, the photo-
diode comprising a first and a second terminal on
opposite sides of the photodiode; and
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a read-out circuitry for reading out the PPG signal
detected by the photodiode, the read-out circuitry com-
prising an input stage and an output stage;

wherein the input stage is connected to receive a first input
signal from the first terminal of the photodiode, a
second input signal from the second terminal of the
photodiode, and a DC bias voltage, and wherein the
input stage is configured for current sensing to provide
a fully differential amplification of the first input signal
and the second input signal to a first current signal and
a second current signal, and

wherein the output stage is configured to receive the first
current signal and the second current signal, wherein
the first current signal and the second current signal
comprise an AC component and a DC component of the
PPG signal, and wherein the output stage is configured
to generate a differential output voltage through a gain
component.

2. The device according to claim 1, wherein the input
stage comprises a first differential amplifier, which com-
prises a first and a second input of the first differential
amplifier connected to receive the first input signal and the
DC bias voltage, respectively, and which is configured to
output an amplified signal to a first current sensor for
generating the first current signal, and wherein the input
stage comprises a second differential amplifier, which com-
prises a first and a second input of the second differential
amplifier connected to receive the second input signal and
the DC bias voltage, respectively, and which is configured to
output an amplified signal to a second current sensor for
generating the second current signal.

3. The device according to claim 2, wherein the first
differential amplifier comprises a feedback loop connecting
the first current sensor to the first input of the first differential
amplifier, and wherein the second differential amplifier
comprises a feedback loop connecting the second current
sensor to the first input of the second differential amplifier.

4. The device according to claim 1, wherein the output
stage comprises a first current source, which is controlled by
the first current signal, and a second current source, which
is controlled by the second current signal.

5. The device according to claim 1, wherein the gain
component of the output stage comprises a resistor for
providing a transimpedance amplifier mode of the output
stage.

6. The device according to claim 1, wherein the gain
component of the output stage comprises a capacitor for
providing an integration mode of the output stage.

7. The device according to claim 1, wherein the output
stage is configured to be selectively set in a transimpedance
amplifier mode or an integration mode.

8. A wearable sensor for acquiring physiological infor-
mation through a photoplethysmography, PPG, signal, the
wearable sensor comprising:

a carrier, which is configured to be worn by a subject;

a light emitting diode, LED, which is configured to emit
a light signal; and

a device according to claim 1;

wherein the carrier is configured to carry the LED and the
device such that, when the carrier is worn by the
subject, the LED is arranged to emit a light signal
towards a skin of the subject and the photodiode of the
device is arranged to detect the PPG signal as intensity
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of light based on interaction of the emitted light signal
with a blood flow of the subject.

9. The wearable sensor according to claim 8, wherein the
LED is configured to emit green light.

10. The wearable sensor according to claim 8, wherein the
carrier is configured to carry the LED and the photodiode of
the device such that, when the carrier is worn by the subject,
the photodiode is configured to detect light emitted by the
LED that is reflected by blood flow of the subject.

11. The wearable sensor according to claim 8, wherein the
wearable sensor further comprises LED driving circuitry,
which is configured to control the LED to emit pulsed light.

12. The wearable sensor according to claim 8, further
comprising a processor, which is configured to receive a
processor input signal based on the differential output volt-
age from the output stage of the read-out circuitry and which
is configured to process the processor input signal for
determining physiological information based on the proces-
sor input signal.

13. The wearable sensor according to claim 12, wherein
the processor is configured to determine an estimated heart
rate based on the PPG signal.

14. The wearable sensor according to claim 12, wherein
the processor is configured to determine an estimated blood
oxygen saturation.
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