US 20200196927A1

a9y United States

12) Patent Application Publication (o) Pub. No.: US 2020/0196927 A1l

TANG

43) Pub. Date: Jun, 25, 2020

(54)

BLOOD OXYGEN DETECTION CHIP WITH
CAPABILITY OF FAST TRACKING LIGHT

Publication Classification

(51) Int. CL
INTENSITY AGIB 5/1455 (2006.01)
A61B 5/00 2006.01
(71)  Applicant: CHONGQING PAIXINRUWEI (52) US.Cl ( )
TECH CO., LTD., Chongging (CN) CPC ... AG1B 5/14552 (2013.01); AGIB 5/7225
(72) Inventor: Fang TANG, Chongging (CN) (2013.01)
57 ABSTRACT
. A blood oxygen detection chip with a capability of fast
(73) Assignee: CHONGQING PAIXINRUWEIL tracking light intensity. A photocurrent buffer receives light
TECH CO., LTD., Chongging (CN) and generates an output photocurrent iph that is not affected
by a leakage current as much as possible, a bandgap voltage
21y Appl. No.: 16/705,320 reference and a linear voltage regulator are mainly used to
(21)  Appl. No obtain an accurate adjustable reference voltage Vref, an
integrator integrates the photocurrent iph to obtain a voltage
(22) Filed: Dec. 6, 2019 signal in a linear relation with a photocurrent value, a pulse
generator converts the voltage signal to a frequency signal,
(30) Foreign Application Priority Data and finally an output buffer performs wave shaping to obtain
a final output frequency signal Freq in a linear relation with
Dec. 25,2018  (CN) .oocvvecrvieeeennn 201811587413.9 a light intensity value.
Bandgap ‘
voltage el Linear Yref Intearator Pulse Output Freq
referenc S<ap> voltage & Vref generator Vpulse buffer
e w—1 regulator w——
iph
\ Photocurrent
Light ; buffer




Patent Application Publication

Jun. 25,2020 Sheet 1 of 2

US 2020/0196927 A1

Bandgap
Vh .
voitage il Linear Vref Integrator Pulse Output Freq
referenc <205 voltage | vref]  generator Vpulse buffer
e et reguilator AN |
iph
\ Photocurrent
Light e buffer ‘
FIG 1
Non-overlapping clock circuit
1EC VIH2 prererererannnns
AL LS By t Pulse | . 1
Yramp i Vpulse i 1
A2 4 generator
¥
" / ................. ><
Rl vi R2 ct / rt X
YVY ¥ : >

] "ﬂEi

Vrefl

FIG 2

ctrl N ! M4
1 I ke
Mi . i Vref2
M5




US 2020/0196927 A1

Jun. 25,2020 Sheet 2 of 2

Patent Application Publication

<
tged
i

=

s
b4

o

Tox
L]

B

e

FIG 3



US 2020/0196927 A1l

BLOOD OXYGEN DETECTION CHIP WITH
CAPABILITY OF FAST TRACKING LIGHT
INTENSITY

CROSS-REFERENCES TO THE RELATED
APPLICATIONS

[0001] This application is based upon and claims priority
to Chinese Patent Application No. 201811587413.9, filed on
Dec. 25, 2018, the entire contents of which are incorporated
herein by reference.

TECHNICAL FIELD

[0002] The present invention belongs to the field of inte-
grated circuit technologies, and more specifically, relates to
a blood oxygen detection chip with a capability of fast
tracking light intensity.

BACKGROUND

[0003] Due to low costs, an optical frequency sensor is
widely applied to a portable fingertip oximeter, and therefore
is also referred to as a blood oxygen detection chip. The
optical frequency sensor detects blood oxygen concentration
through pulse period quantization instead of using a con-
ventional high resolution analog-digital converter. In a con-
ventional optical frequency sensor chip, a photodiode is
usually integrated with a shaded diode that has the same size
as the photodiode and the shaded diode cannot receive light
due to blocking of metal covering, to generate a photocur-
rent insensitive to a leakage current. A principle is that a
leakage current generated by the shaded diode is divided
from a photocurrent generated by the photodiode that nor-
mally receives the light to obtain a photocurrent generated
from only the light. However, the method has the following
two big advantages: One of the advantages is that elimina-
tion of the leakage current heavily relies on matching
between the two photodiodes; the other advantage is that the
shaded diode significantly increases a total area of the chip.
Therefore, to reduce the area of the chip, a scheme of a
zero-bias single photodiode is usually used to generate a
photocurrent including a quite low leakage current. Within
a quite wide temperature range, the zero-bias single photo-
diode can obtain a linear dynamic range exceeding 100 dB.
However, an output frequency of a sensor needs to be
established rapidly to track a change in light intensity.

SUMMARY

[0004] The present invention aims to resolve at least one
technical problem in the related field to some extent. There-
fore, a main objective of the present invention is to provide
a blood oxygen detection chip with a capability of fast
tracking light intensity, so as to resolve a problem that a
conventional optical frequency sensor has a low speed of
tracking a change in light intensity and a long pulse light
response period.

[0005] The objective of the present invention is imple-
mented through the following technical solution: A blood
oxygen detection chip with a capability of fast tracking light
intensity, including a bandgap voltage reference, a linear
voltage regulator, an integrator, a pulse generator. and an
output buffer that are connected in series, wherein the
integrator is further connected to a photocurrent buffer; each
connection to the bandgap voltage reference, the linear
voltage regulator, the integrator, the pulse generator, the
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output buffer, and the photocurrent buffer is an electrical
connection implemented by using a reset circuit and an ESD
protective circuit; and the photocurrent buffer receives light
and generates an output photocurrent iph that is not affected
by a leakage current, the bandgap voltage reference and the
linear voltage regulator are used to obtain an accurate
adjustable reference voltage Vref, the integrator integrates
the photocurrent iph to obtain a voltage signal in a linear
relation with a photocurrent value, the pulse generator
converts the voltage signal to a frequency signal, and finally
the output buffer performs wave shaping to obtain a final
output frequency signal Freq in a linear relation with a light
intensity value.

[0006] Further, the integrator converts the photocurrent
iph to the voltage signal Vramp through integration, and
outputs the voltage signal Vramp to the pulse generator.
[0007] Preferably, the integrator is internally provided
with an integrating circuit; the integrating circuit includes an
amplifier A2 and a capacitor Ci that are connected in parallel
to the pulse generator; an output terminal of the pulse
generator is connected to a non-overlapping clock circuit; a
feedback circuit is further disposed at one end, far away
from the pulse generator, of the capacitor Ci; and the
feedback circuit includes switch tubes M1, M2, M3, M4,
and M5 that are connected in parallel.

[0008] Preferably, the integrator converts the photocurrent
signal iph to the voltage signal Vramp through integration by
using the capacitor Ci, and implements frequency conver-
sion through charging and discharging of Ci; the pulse
generator compares a voltage Vref2 with the voltage Vramp
to generate a periodic signal Vpulse, and the non-overlap-
ping clock circuit generates control signals ctrl and ctr]_N
with opposite polarity to control charging and discharging of
Ci; a working process of an integrating circuit includes an
integration phase and a discharging phase; in the integration
phase, ctrl_N=0, ctrl=1, switch tubes M1, M4, and M5 are
switched off, and switch tubes M2 and M3 are switched on;
and in the discharging phase, ctrl_N=1, ctrl=0, the switch
tubes M1, M4, and M5 are switched on, the switch tubes M2
and M3 are switched off, and the capacitor Ci performs
discharging.

[0009] Preferably, the amplifier A2 uses a three-stage
wideband differential amplifier structure with high capaci-
tive load; in a second stage, a PMOS transistor connected to
a diode is used as effective load, and a single-circuit resistor-
capacitor miller compensation scheme is used to introduce
negative zero to increase a phase margin.

[0010] Compared with the prior art, the present invention
at least has the following advantages:

[0011] According to the blood oxygen detection chip with
a capability of fast tracking light intensity provided in the
present invention, a photocurrent buffer receives light and
generates an output photocurrent iph that is not affected by
a leakage current as much as possible, a bandgap voltage
reference and a linear voltage regulator are mainly used to
obtain an accurate adjustable reference voltage Vref, an
integrator integrates the photocurrent iph to obtain a voltage
signal in a linear relation with a photocurrent value, a pulse
generator converts the voltage signal to a frequency signal,
and finally an output buffer performs wave shaping to obtain
a final output frequency signal Freq in a linear relation with
a light intensity value. In addition, to ensure that an optical
frequency sensor has a high enough speed of responding to
a change in light intensity, an amplifier A2 in the integrator
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uses a three-stage wideband differential amplifier structure
with high capacitive load; in a second stage, a PMOS
transistor connected to a diode is used as effective load, and
a single-circuit resistor-capacitor miller compensation
scheme is used to introduce negative zero to increase a phase
margin.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] To describe the technical solutions in the embodi-
ments of the present invention or in the prior art more
clearly, the following briefly describes the accompanying
drawings required for describing the embodiments or the
prior art. Apparently, the accompanying drawings in the
following description show some embodiments of the pres-
ent invention, and a person of ordinary skill in the art may
still derive other drawings from these accompanying draw-
ings without creative efforts.

[0013] FIG. 1 is a diagram of an overall structure of a
blood oxygen detection chip with a capability of fast track-
ing light intensity in the present invention;

[0014] FIG. 2 is a structural schematic diagram of an
integrating circuit in an integrator in FIG. 1; and

[0015] FIG. 3 is a schematic diagram of a circuit structure
of an amplifier A2 in FIG. 2.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0016] The following clearly and completely describes the
technical solutions in the embodiments of the present inven-
tion with reference to the accompanying drawings in the
embodiments of the present invention. Apparently, the
described embodiments are merely a part rather than all of
the embodiments of the present invention.

[0017] All other embodiments obtained by a person of
ordinary skill in the art based on the embodiments of the
present invention without creative efforts shall fall within
the protection scope of the present invention. All other
embodiments obtained by a person of ordinary skill in the art
based on the embodiments of the present invention without
creative efforts shall fall within the protection scope of the
present invention.

[0018] It should be noted that all the directional indica-
tions (such as upper, lower, left, right, front, and back.) in the
embodiments of the present invention are merely used to
explain a relative position relationship, motion situations,
and the like of the components in a specific gesture (as
shown in the figures). If the specific gesture changes, the
directivity indication also changes accordingly.

[0019] Moreover, the terms such as “first”, “second”, and
the like described in the present invention are used herein
only for the purpose of description and are not intended to
indicate or imply relative importance, or implicitly indicate
the number of the indicated technical features. Therefore,
features defined by “first” and “second” may explicitly or
implicitly include at least one of the features.

[0020] In description of the present invention, “a plurality
of” means at least two, for example, two or three, unless
otherwise clearly and specifically limited.

[0021] In the present invention, unless otherwise clearly
specified and limited, meanings of terms “connection”,
“fastening”, and the like should be understood in a broad
sense. For example, “connection” may be a fixed connec-
tion, a removable connection, or integration; may be a
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mechanical connection or an electrical connection; may be
a direct connection or an indirect connection implemented
by using an intermediate medium; or may be intercommu-
nication between two components or an interaction relation-
ship between two components, unless otherwise clearly
limited. A person of ordinary skill in the art may understand
specific meanings of the foregoing terms in the present
invention based on a specific situation.

[0022] Furthermore, the technical solutions between the
various embodiments of the present invention may be com-
bined with each other, but must be on the basis that the
combination thereof can be implemented by a person of
ordinary skill in the art. In case of a contradiction with the
combination of the technical solutions or a failure to imple-
ment the combination, it should be considered that the
combination of the technical solutions does not exist, and is
not within the protection scope of the present invention.
[0023] As shown in FIG. 1, a blood oxygen detection chip
with a capability of fast tracking light intensity includes a
bandgap voltage reference, a linear voltage regulator, an
integrator, a pulse generator, and an output buffer that are
connected in series, where the integrator is further connected
to a photocurrent buffer; each connection to the bandgap
voltage reference, the linear voltage regulator, the integrator,
the pulse generator, the output buffer, and the photocurrent
buffer is an electrical connection implemented by using a
reset circuit and an ESD protective circuit; and the photo-
current buffer receives light and generates an output photo-
current iph that is not affected by a leakage current, the
bandgap voltage reference and the linear voltage regulator
are used to obtain an accurate adjustable reference voltage
Vref, the integrator integrates the photocurrent iph to obtain
a voltage signal in a linear relation with a photocurrent
value, the pulse generator converts the voltage signal to a
frequency signal, and finally the output buffer performs
wave shaping to obtain a final output frequency signal Freq
in a linear relation with a light intensity value.

[0024] The integrator converts the photocurrent iph to a
voltage signal Vramp through integration, and outputs the
voltage signal Vramp to the pulse generator.

[0025] As shown in FIG. 2, further, preferably, the inte-
grator is internally provided with an integrating circuit; the
integrating circuit includes an amplifier A2 and a capacitor
Ci that are connected in parallel to the pulse generator; an
output terminal of the pulse generator is connected to a
non-overlapping clock circuit; a feedback circuit is further
disposed at one end, far away from the pulse generator, of
the capacitor Ci; and the feedback circuit includes switch
tubes M1, M2, M3, M4, and M5 that are connected in
parallel.

[0026] Preferably, the integrator converts the photocurrent
signal iph to the voltage signal Vramp through integration by
using the capacitor Ci, and implements frequency conver-
sion through charging and discharging of Ci; the pulse
generator compares a voltage Vref2 with the voltage Vramp
to generate a periodic signal Vpulse, and the non-overlap-
ping clock circuit generates control signals ctrl and ctr]_N
with opposite polarity to control charging and discharging of
Ci; a working process of the integrating circuit includes an
integration phase and a discharging phase; in the integration
phase, ctrl_N=0,ctrl=1, the switch tubes M1, M4, and M5
are switched off, and the switch tubes M2 and M3 are
switched on. Assuming that a resistance values of resistors
R1 and R2 are quite small, due to a virtual-short-circuit
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principle based on negative feedback of the operation ampli-
fier A2, it can be considered that V1=Vrefl, and transient
charges in the integrating capacitor Ci and charges stored in
an integrating capacitor Cd can be expressed as Formula (1).

Qiorat = Qi + Q4 Formula (1)
0= (vramp - vrefl)ci
Qs =~V Cy

[0027] Assuming that Vref2=0.6V and Vref1=0.3V, when
Vramp is approximate to the threshold voltage Vref2, final
total charges in Ci and Cd are equal to 0.3(Ci-Cd).

[0028] In the discharging phase, ctrl N=1, ctrl=0, the
switch tubes M1, M4, and M5 are switched on, the switch
tubes M2 and M3 are switched off, and the capacitor Ci
performs discharging. In this case, a reset voltage in Vramp
can be expressed as Formula (2).

Vi = 2t = ooz = Vi)t 3 0.6(1 - 9) Formula (2)
G C;
[0029] Assuming that a ratio of Ci to Cd is 2:1, Vramp is

reset to approximately 0.3 V.

[0030] As shown in FIG. 3, the amplifier A2 uses a
three-stage wideband differential amplifier structure with
high capacitive load; in a second stage, a PMOS transistor
connected to a diode is used as effective load, and a
single-circuit resistor-capacitor miller compensation scheme
is used to introduce negative zero to increase a phase margin.
For example, when an output frequency of a sensor is 500
KHz, a typical DC gain is approximately 80 dB, a GBW is
25 MHz, a maximum output current absorption capability is
25 mA, and a power supply rejection ratio (PSRR) at 1 KHz
is greater than 90 dB. Within a whole output frequency
range, a DC gain of 70 dB and a phase margin 100° can be
ensured.

[0031] The above merely describes specific embodiments
of the present invention, but the protection scope of the
present invention is not limited thereto. A person skilled in
the art can easily conceive modifications or replacements
within the technical scope of the present invention, and these
modifications or replacements shall fall within the protection
scope of the present invention. Therefore, the protection
scope of the present invention should be subject to the
protection scope of the claims.

What is claimed is:

1. A blood oxygen detection chip with a capability of fast
tracking light intensity, comprising a bandgap voltage ref-
erence, a linear voltage regulator, an integrator, a pulse
generator, and an output buffer, wherein

the bandgap voltage reference, the linear voltage regula-

tor, the integrator, the pulse generator, and the output
buffer are connected in series;

the integrator is further connected to a photocurrent

buffer;

each connection to the bandgap voltage reference, the

linear voltage regulator, the integrator, the pulse gen-
erator, the output buffer, and the photocurrent buffer is
an electrical connection implemented by using a reset
circuit and an ESD protective circuit;
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the photocurrent buffer receives a light and generates an
output photocurrent iph where the output photocurrent
iph is not affected by a leakage current;

the bandgap voltage reference and the linear voltage

regulator are used to obtain an accurate adjustable
reference voltage Vref;

the integrator integrates the photocurrent iph to obtain a

voltage signal in a linear relation with a photocurrent
value;

the pulse generator converts the voltage signal to a

frequency signal; and

the output buffer performs wave shaping to obtain a final

output frequency signal Freq in a linear relation with a
light intensity value.

2. The blood oxygen detection chip with a capability of
fast tracking light intensity according to claim 1, the inte-
grator converts the photocurrent iph to a voltage signal
Vramp through integration, and outputs the voltage signal
Vramp to the pulse generator.

3. The blood oxygen detection chip with a capability of
fast tracking light intensity according to claim 1, wherein the
integrator is internally provided with an integrating circuit;
the integrating circuit comprises an amplifier A2 and a
capacitor Ci, wherein the amplifier A2 and the capacitor Ci
are connected in parallel to the pulse generator; an output
terminal of the pulse generator is connected to a non-
overlapping clock circuit; a feedback circuit is further dis-
posed at one end of the integrating circuit, far away from the
pulse generator, of the capacitor Ci; and the feedback circuit
comprises a plurality of switch tubes M1, M2, M3, M4, and
M5, wherein the plurality of switch tubes M1, M2, M3, M4,
and M5 are connected in parallel.

4. The blood oxygen detection chip with a capability of
fast tracking light intensity according to claim 1, wherein the
integrator converts the photocurrent signal iph to the voltage
signal Vramp through integration by using the capacitor Ci,
and implements a frequency conversion through charging
and discharging of Ci; the pulse generator compares a
reference voltage Vref2 with the voltage signal Vramp to
generate a periodic signal Vpulse, and the non-overlapping
clock circuit generates a plurality of control signals ctrl and
ctrl_N with opposite polarity to control charging and dis-
charging of Ci; a working process of the integrating circuit
comprises an integration phase and a discharging phase; in
the integration phase, ctrl_N=0.ctrl=1, the plurality of
switch tubes M1, M4, and M5 are switched off, and the
plurality of switch tubes M2 and M3 are switched on; and in
the discharging phase, ctrl_N=1, ctrl=0, the plurality of
switch tubes M1, M4, and M5 are switched on, the plurality
of switch tubes M2 and M3 are switched off, and the
capacitor Ci performs discharging.

5. The blood oxygen detection chip with a capability of
fast tracking light intensity according to claim 2, wherein an
amplifier A2 uses a three-stage wideband differential ampli-
fier structure with a high capacitive load; in a second stage,
a PMOS transistor connected to a diode is used as an
effective load, and a single-circuit resistor-capacitor miller
compensation scheme is used to introduce a negative zero to
increase a phase margin.

6. The blood oxygen detection chip with a capability of
fast tracking light intensity according to claim 2, wherein the
integrator 1s internally provided with an integrating circuit;
the integrating circuit comprises an amplifier A2 and a
capacitor Ci, wherein the amplifier A2 and the capacitor Ci
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are connected in parallel to the pulse generator; an output
terminal of the pulse generator is connected to a non-
overlapping clock circuit; a feedback circuit is further dis-
posed at one end of the integrating circuit, far away from the
pulse generator, of the capacitor Ci; and the feedback circuit
comprises a plurality of switch tubes M1, M2, M3, M4, and
M5, wherein the plurality of switch tubes M1, M2, M3, M4,
and M5 are connected in parallel.

7. The blood oxygen detection chip with a capability of
fast tracking light intensity according to claim 2, wherein the
integrator converts the photocurrent signal iph to the voltage
signal Vramp through integration by using the capacitor Ci,
and implements a frequency conversion through charging
and discharging of Ci; the pulse generator compares a
reference voltage Vref2 with the voltage signal Vramp to
generate a periodic signal Vpulse, and the non-overlapping
clock circuit generates a plurality of control signals ctrl and
ctrl_N with opposite polarity to control charging and dis-

Jun. 25, 2020

charging of Ci; a working process of the integrating circuit
comprises an integration phase and a discharging phase; in
the integration phase, ctrl_N=0.ctrl=1, the plurality of
switch tubes M1, M4, and M5 are switched off, and the
plurality of switch tubes M2 and M3 are switched on; and in
the discharging phase, ctrl_N=1, ctrl=0, the plurality of
switch tubes M1, M4, and M5 are switched on, the plurality
of switch tubes M2 and M3 are switched off, and the
capacitor Ci performs discharging.

8. The blood oxygen detection chip with a capability of
fast tracking light intensity according to claim 3, wherein an
amplifier A2 uses a three-stage wideband differential ampli-
fier structure with a high capacitive load; in a second stage,
a PMOS transistor connected to a diode is used as an
effective load, and a single-circuit resistor-capacitor miller
compensation scheme is used to introduce a negative zero to
increase a phase margin.
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