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MULTIFUNCTION FINGERPRINT SENSOR 
HAVING OPTICAL SENSING CAPABILITY 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[ 0001 ] This application is a continuation of International 
Application No . PCT / US2016 / 038445 , filed on Jun . 20 , 
2016 and entitled " MULTIFUNCTION FINGERPRINT 
SENSOR HAVING OPTICAL SENSING CAPABILITY , ” 
which claims the benefit of priority of U . S . Provisional 
Patent Application No . 62 / 181 , 718 , filed on Jun . 18 , 2015 , 
and entitled " MULTIFUNCTION FINGERPRINT SEN 
SOR AND PACKAGING , ” both of which are incorporated 
by reference in its entirety as part of the disclosure of this 
patent document . 

TECHNICAL FIELD 
[ 0002 ] This patent document generally relates to finger 
print recognition for securely accessing an electronic device 
that includes mobile and wearable devices . 

BACKGROUND 
[ 0003 ] Electronic devices including portable or mobile 
computing devices , such as laptops , tablets , smartphones , 
and gaming systems can employ user authentication mecha 
nisms to protect personal data and prevent unauthorized 
access . User authentication on an electronic device can be 
carried out through one or multiple forms of biometric 
identifiers , which can be used alone or in addition to 
conventional password authentication methods . A popular 
form of biometric identifiers is a person ' s fingerprint pattern . 
A fingerprint sensor can be built into the electronic device to 
read a user ' s fingerprint pattern so that the device can only 
be unlocked by an authorized user of the device through 
authentication of the authorized user ' s fingerprint pattern . 

fingerprint sensing to generate the returned light received by 
the optical detector array for detecting a fingerprint ; a first 
optical sensing zone and a second optical sensing zone ; and 
the optical module includes ( 1 ) a first additional optical 
detector located on a first side of the optical detector array 
to receive a portion of the returned light from the first optical 
sensing zone , and ( 2 ) a second additional optical detector 
located on a second opposite side of the optical detector 
array to receive a portion of the returned light from the 
second optical sensing zone . The first and second additional 
optical detectors produce detector signals indicating whether 
the returned light is reflected from a finger of a live person . 
In yet another implementation , the touch screen includes 
display pixels that produce light for displaying images and 
for illuminating a user ' s finger in touch with the top trans 
parent layer to produce the returned light ; and the touch 
screen includes a fingerprint sensing zone for a user to touch 
for fingerprint sensing to receive illumination light from one 
or more display pixels that are located to generate illumi 
nation light to the fingerprint sensing zone in a way that the 
illumination light undergoes total optical reflection at a top 
surface of the top transparent layer to direct the totally 
reflected light to the optical detector array for detecting a 
fingerprint . 
[ 0006 ] In another aspect , a fingerprint sensor device 
includes a touch panel with an integrated touch sensor 
module . The integrated touch sensor module includes sens 
ing circuitry to generate a sensor signal responsive to 
detecting a contact input associated with a fingerprint . The 
sensing circuitry includes a fingerprint sensor to detect the 
contact input and generate a signal indicative of an image of 
the fingerprint , and a biometric sensor to generate a signal 
indicative of a biometric marker different form the finger 
print . The generated sensor signal includes the signal indica 
tive of the image of the fingerprint and the signal indicative 
of the biometric marker different from the fingerprint . The 
sensing circuitry includes processing circuitry communica 
tively coupled to the sensing circuitry to process the gener 
ated sensor signal to determine whether the contact input 
associated with the fingerprint belongs to a live finger . In 
implementations , the fingerprint sensor or the biometric 
sensor of the sensing circuitry includes an optical sensor . 
[ 0007 ] In another aspect , an electronic device is provided 
to include a central processor ; a touch panel in communi 
cation with the central processor ; and a fingerprint sensor 
device integrated into the touch panel and in communication 
with the central processor . The fingerprint sensor device 
includes a sensing circuitry to generate a sensor signal 
responsive to detecting a contact input associated with a 
fingerprint . The sensing circuitry includes a fingerprint sen 
sor to detect the contact input and generate a signal indica 
tive of an image of the fingerprint , and a biometric sensor to 
generate a signal indicative of an identification of a biomet 
ric marker different from the fingerprint . The generated 
sensor signal includes the signal indicative of the image of 
the fingerprint and the signal indicative of the biometric 
marker different from the fingerprint . Processing circuitry is 
communicatively coupled to the sensing circuitry to process 
the generated sensor signal to determine whether the contact 
input associated with the fingerprint belongs to a live finger . 
In implementations , the fingerprint sensor or the biometric 
sensor of the sensing circuitry includes an optical sensor . 
[ 0008 ] In another aspect , a method is provided for detect 

i ng a live finger during a fingerprint scan and includes 

SUMMARY 
[ 0004 ] The examples of implementations described in this 
patent document provide fingerprint sensor designs that use 
optical sensors for sensing fingerprints or a combination of 
optical sensors and another type of fingerprint sensors such 
as capacitive sensors to sense fingerprints . The described 
fingerprint sensor designs can be used in various devices , 
systems or applications , and can be configured to be par 
ticularly suitable for mobile applications , and various wear 
able or portable devices . 
[ 0005 ] In one aspect , an electronic device with touching 
sensing and fingerprint sensing capabilities is provided to 
include a touch screen that provides touch sensing opera 
tions ; a top transparent layer formed over the touch screen 
as an interface for being touched by a user for the touch 
sensing operations , and an optical sensor module located 
below the touch screen to receive light that is returned from 
the top transparent layer and transmits through the touch 
screen . The optical sensor module includes an optical detec 
tor array of photodetectors positioned to receive at least a 
portion of the returned light to detect a fingerprint . In one 
implementation , the optical sensor module includes an array 
of optical collimators located between the touch screen and 
the optical detector array to direct the received portion of the 
returned light to the photodetectors through the optical 
collimators . In another implementation , the touch screen 
includes a fingerprint sensing zone for a user to touch for 
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detecting , by a fingerprint sensor , a contact input associated 
with a source of a fingerprint ; generating an image signal 
from the fingerprint sensor responsive to the detected con 
tact input , wherein the generated image signal from the 
fingerprint sensor is indicative of one or more images of the 
fingerprint ; generating , by a biometric sensor , a biometric 
marker detection signal indicative of a biometric marker 
different from the fingerprint ; and processing , by processing 
circuitry , the generated image signal and the biometric 
marker detection signal to determine whether the detected 
contact and the associated one or more fingerprint images 
are from a live finger . In implementations , the fingerprint 
sensor or the biometric sensor of the sensing circuitry 
includes an optical sensor . 
[ 0009 ] In yet another aspect , a method is provided of 
finger scanning and includes initiating sensor detection to 
activate a sensor module including a light source and a light 
detector ; controlling the light source to modulate light 
beams emitted by the light source to carry modulated signal 
information including amplitude , phase shift , frequency 
change , or a combination ; acquiring an optical signal in 
response to the emitted modulated light beams ; demodulat 
ing the acquired optical signal ; and processing the demodu 
lated signal to generate a fingerprint image and obtain a 
biometric marker different from the fingerprint . 
[ 0010 ] The above and other aspects , their implementations 
and applications are described in greater detail in the draw 
ings , the description and the claims . 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0011 ] FIG . 1 shows an example of a visible optical 
fingerprint sensor package in a mobile device and includes 
FIGS . 1A , 1B and 1C showing three different views of 
features in connection with the visible optical fingerprint 
sensor package . 
[ 0012 ] FIGS . 2A and 2B are block diagrams of an exem 
plary fingerprint sensing module in a visible package for 
installing in a mobile device , such as the mobile device of 
FIG . 1 . 
[ 0013 ] FIG . 3 is a block diagram of an exemplary finger 
print sensing module in a visible package for heartbeat 
sensing . 
[ 0014 ] FIG . 4 is a block diagram of an exemplary finger 
print sensing module in a visible package for blood flow 
speed sensing . 
[ 0015 ] FIG . 5 is a graph showing exemplary signals from 
blood flow speed sensing . 
[ 0016 ] FIG . 6 is a block diagram showing an example of 
an invisible optical fingerprint sensor package in a mobile 
device and FIGS . 6A , 6B and 6C showing three different 
views of features in connection with the invisible optical 
fingerprint sensor package . 
[ 0017 ] FIGS . 7A and 7B are block diagrams of an exem 
plary fingerprint sensing module in an invisible package for 
installing in a mobile device , such as the mobile device of 
FIG . 6 . 
[ 0018 ] FIG . 8 is a block diagram of an exemplary finger 
print sensing module in an invisible package for heartbeat 
sensing . 
[ 0019 ] FIG . 9 is a block diagram of an exemplary finger 
print sensing module in an invisible package for blood flow 
speed sensing . 

( 0020 ] FIGS . 10A and 10B are cross - sectional and top 
down views of an exemplary fingerprint sensor module 
implementing a total reflection fingerprint sensing tech 
nique . 
[ 0021 ] FIGS . 11A and 11B are cross - sectional and top 
down views of an exemplary fingerprint sensor module 
implementing total reflection fingerprint detection scanning . 
[ 0022 ] FIGS . 12A , 12B , and 12C represent an exemplary 
fingerprint sensor module installed in a mobile device and 
implementing total reflection fingerprint detection scanning . 
[ 0023 ] FIG . 13 is an image representing a result of a total 
reflection fingerprint detection scanning 
[ 0024 ] FIGS . 14A , 14B , and 14C represent another exem 
plary fingerprint sensor module installed in a mobile device 
and implementing total reflection fingerprint detection . 
[ 0025 ] FIGS . 15A and 15B represent another exemplary 
fingerprint sensor module installed in a mobile device and 
implementing total reflection fingerprint sensing . 
[ 0026 ] FIG . 16 is a process flow diagram showing an 
exemplary process 1600 for fingerprint detection . 
[ 0027 ] FIGS . 17 , 18A and 18B are diagrams showing an 
example of total reflection touch sensing - refractive index 
matching technique . 
[ 0028 ] FIGS . 19A , 19B , and 19C are diagrams showing an 
example of a total reflection touch sensing - refractive index 
matching technique . 
[ 0029 ] FIG . 20A is a block diagram of an exemplary 
fingerprint sensor device implementing self - capacitive sens 
ing with active sensor pixel and amplification . 
[ 0030 ] FIG . 20B shows an exemplary sensor pixel . 
[ 0031 ] FIG . 20C shows the circuit equivalent of the sensor 
pixel . 
10032 ] FIG . 21A shows an example of a fingerprint sensor 
device that incorporates a capacitive sensor in addition to an 
optical sensor for each sensor pixel in capturing fingerprint 
information . 
[ 0033 ] FIG . 21B illustrates another example of a finger 
print sensor device that structurally integrates an optical 
sensor and a capacitive sensor in each hybrid sensor pixel in 
a spatially overlap configuration in an array of sensor pixels 
to reduce the footprint of each hybrid sensing pixel . 
[ 0034 ] FIG . 22 is a top - down view of an exemplary hybrid 
fingerprint sensor device incorporating both an optical sen 
sor and a capacitive sensor in each hybrid sensing pixel . 
[ 0035 ] FIG . 23A illustrates a circuit diagram for an exem 
plary hybrid fingerprint sensing element or pixel having both 
capacitive sensing and optical sensing functions for finger 
prints . 
[ 0036 ] FIG . 23B illustrates a circuit diagram for another 
exemplary hybrid fingerprint sensing element or pixel . 
[ 0037 ] FIG . 23C illustrates a circuit diagram of an exem 
plary hybrid fingerprint sensing element or pixel for per 
forming parallel detection of sensor signals from the pho 
todetector and the capacitive sensor plate . 
[ 0038 ] FIGS . 24A , 24B , 24C and 24D show process flow 
diagrams of an exemplary process for performing fingerprint 
sensing by a hybrid fingerprint sensor that incorporates 
optical and capacitive sensors . 
[ 0039 ] FIGS . 25A and 25B illustrate an example of such 
a design for a mobile phone , a tablet or other devices where 
the optical sensor module is outside the display screen 
assembly 10 as a separate structure . 
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DETAILED DESCRIPTION 
[ 0040 ] Fingerprint sensing is a useful use authentication 
tool in mobile applications and other applications that use , 
provide or require secure access . For example , fingerprint 
sensing can be used to provide secure access to a mobile 
device , an electronic device or system , or an electronic 
portal to one or more systems or databases , and can be used 
to secure financial transactions including online purchases 
and other digital information . It is desirable to include robust 
and reliable fingerprint sensors features suitable for mobile 
devices or portable devices while providing a small footprint 
for such fingerprint sensors with a thin structure to fit into 
the highly limited space in mobile or portable devices and 
other compact devices . In some applications , it is also 
desirable to include a protective cover to protect such a 
fingerprint sensor from various contaminants and to provide 
a user interface for touch sensing and certain user opera 
tions . 
10041 ] The technology disclosed in this patent document 
can be used to implement different types of fingerprint 
sensors either individually or in combinations , including 
capacitive fingerprint sensors and optical fingerprint sensors . 
In capacitive fingerprint sensors , the sensing is based on 
measuring the capacitance between the sensing electrode 
and a finger surface due to their capacitive coupling and 
variation in the capacitive coupling strength due to the 
surface topology of the fingerprint pattern including loca 
tions and shapes of fingerprint ridges and valleys . A protec 
tive cover can be placed over the capacitive sensor pixels to 
protect the capacitive fingerprint sensor . As this protective 
cover becomes thicker , the electrical field sensed by each 
capacitive sensor pixel disperses quickly in space , and the 
sensor signal strength received at each sensor pixel also 
reduces significantly with the increase in thickness of the 
protective cover . In addition , the increased protective cover 
thickness can lead to an undesirable steep reduction in the 
spatial resolution of the sensor . In some devices , when the 
protective cover thickness exceeds a certain threshold ( e . g . , 
300 um ) , it can become difficult for such capacitive sensors 
to provide a desired high spatial resolution in sensing 
fingerprint patterns and to reliably resolve a sensed finger 
print pattern with an acceptable fidelity . 
[ 0042 ] As part of the disclosed technology in this patent 
document , a fingerprint sensor can also be implemented for 
optically capturing fingerprints . The thickness of an optical 
fingerprint module for optical fingerprint sensing tends to 
cause the optical fingerprint sensor to be too thick for certain 
applications or under certain technical or engineering con 
straints and the thickness of the optical fingerprint sensor 
tends to make integrating to a mobile phone device or a 
compact device difficult due to limitations or requirements 
in technology and engineering . 
[ 0043 ] In one aspect , the disclosed technology provides a 
fingerprint sensor design for an ultrathin optical fingerprint 
sensor for integration into a mobile or compact device . In 
another aspect of the disclosed technology , a hybrid finger 
print sensor is provided to include both optical and capaci 
tive sensors in each sensing pixel of a pixelated sensor array . 
The optical sensors can be packaged as photodiode arrays at 
a suitable location , including a detector location underneath 
of the display ( e . g . , or edges or a peripheral region of the 
display ) or a location outside of but adjacent to the display . 
Awindow or a partially transparent coating can be used with 
or in the detectors . Examples of implementations of the 

disclosed technology can be used to introduce an optical 
technology for sensing finger properties including finger 
print detection . The optical fingerprint sensing technology 
can be used for a wide range of devices that have a display 
structure . The optical fingerprint sensing technology can be 
packaged in a discrete device in some designs . 
[ 0044 ] Visible Optical Fingerprint Sensor Package 
[ 0045 ] A visible optical fingerprint sensor package can be 
used to dispose one or more photodiode arrays of an optical 
fingerprint sensor on at one or more display side or edge 
positions outside the display screen area to make the pres 
ence of the optical fingerprint sensor “ visible ” on the device 
in the context that the optical fingerprint sensor module is 
partially or entirely outside the display screen area . A 
window or a partially transparent coating or cover can be 
used for the detector arrays in such a visual optical finger 
print sensor package . 
[ 0046 ] FIG . 1 shows an example of a visible optical 
fingerprint sensor package in a mobile device with three 
different views of features in connection with the visible 
optical fingerprint sensor package . FIG . 1 includes three 
different views in FIGS . 1A ( top view from the display side 
of the mobile device ) , 1B ( side view along the line B - B ' in 
FIG . 1A to show different layers in the fingerprint sensor ) 
and 1C ( showing some details of example of optical detector 
arrangement of the fingerprint sensor ) . Referring to FIG . 1A , 
this example of a mobile device includes a display assembly 
10 with an integrated finger property sensor component . The 
display assembly 10 includes a display screen that can be 
implemented by a LCD screen , an OLED screen or other 
display screen designs . The display screen in the display 
assembly 10 an be a touch sensitive screen to provide a 
touch sensing user interface in operating the mobile device . 
Referring to FIG . 1B , the display assembly 10 includes an 
enhanced cover glass 50 on the top and other display layers 
54 for the display screen disposed below the enhanced cover 
glass 50 . As shown in FIG . 1A , reference number 12 
indicates one example of a position of another sensor and 
two or more other sensors can be placed on the mobile 
device beyond the fingerprint sensor . The mobile device can 
also include optional user input mechanisms such as side 
buttons 14 , 16 prepared for the smart terminals . Reference 
number 21 represents the fingerprint sensor zone , where the 
fingerprint sensor is located . Reference number 23 repre 
sents a detector array associated with the fingerprint sensor 
in some fingerprint sensor implementations ( FIG . 1C ) . The 
fingerprint sensor zone 21 is located outside the display 
screen of the display assembly 10 at a selected location to 
allow the optical detectors within fingerprint sensor zone 21 
for capturing fingerprints to be able to receive reflected or 
scattered light from a user ' s finger for the fingerprint sensing 
operations . As shown by the insert drawing in FIG . 1B , 
disposed above the optical detector array 23 are receiving 
optics 24 ( e . g . , optical lenses or optical collimators ) , which 
are the optical detectors for detecting light reflected off of a 
target , such as a finger . The receiving optics 24 above the 
photodetector array 23 can be in various configurations , e . g . , 
it may include one or more lenses in some designs , optical 
collimators without lenses , or combining lenses and colli 
mators . A back board 25 with integrated circuitry is disposed 
below the detector array 23 as shown in FIG . 1B . In some 
implementations , the detector array 23 can be integrated into 
the backboard 25 . The backboard 25 can be disposed over a 
flexible printed circuit ( FPC ) 27 . For the specific design 



US 2018 / 0046281 A1 Feb . 15 , 2018 

shown in FIGS . 1A and 1B where the optical detector array 
23 for the optical fingerprint sensing is placed next to one 
end of the display screen structure 54 , a support glass 56 
may be disposed at the other side of the optical fingerprint 
sensor module under the cover glass 50 to strengthen the 
mechanical strength of the overall assembly at the optical 
fingerprint sensor module area and to improve the structural 
integrity of the overall packaging . For devices that use the 
cover glass 50 with a high strength material or with a 
sufficient thick glass , this support glass 56 may be elimi 
nated . 
[ 0047 ] Referring back to FIG . 1A , located near the fin 
gerprint sensor zone 21 within the display screen of the 
display assembly 10 is a specified display zone 29 for 
fingerprint detection on which a user places a user finger for 
the fingerprint detection based on optical fingerprint sensing 
by the underneath fingerprint sensor . This specified display 
zone 29 for fingerprint detection is part of the display screen 
and thus is used for both displaying images and for receiving 
fingerprint patterns from a user ' s finger . The specified dis 
play zone 29 for fingerprint detection as part of the display 
screen is located adjacent to the fingerprint sensor zone 21 
located outside the display screen of the display assembly 10 
so that the reflected or scattered light from the illuminated 
portion of the finger pressed against the display zone 29 can 
enter the fingerprint sensor zone 21 to reach the optical 
detector array 23 for optical sensing operations . As shown in 
FIG . 1B , a light path window 31 is disposed above the 
receiving optics and near the specified display zone 29 
within the device display for fingerprint detection . The 
detector array 23 includes multiple detector elements 
arranged in different detector zones including a fingerprint 
detector zone 33 located in the central area of the detector 
array 23 for fingerprint and fingerprint property detection 
and one or more additional detector zones 41 and 43 for 
other optical sensing functions , where the additional detec 
tor zones 41 and 43 , as illustrated in FIG . 1C , may be 
environment and blood flow detector zones 41 and 43 for 
environment and blood flow speed detection . In addition , 
reference numbers 37 and 39 represent additional specified 
zones that may be placed over an enhanced cover glass 50 
for other optical sensing operations in some implementa 
tions , such as blood flow speed detection . In some imple 
mentations , each of the additional sensing zones 37 and 39 
may include a patch of display pixels in the display screen 
structure 54 that can operate to produce desired illumination 
for the additional optical sensing , e . g . , emitting red light or 
light of a desired spectral range to illuminate a user ' s finger 
for sensing blood flow speed or glucose level . This design 
represents an example where the light - emitting touch screen 
( e . g . , an OLED touch screen ) includes a fingerprint sensing 
zone 29 for a user to touch for fingerprint sensing to generate 
the returned light received by the optical detector array for 
detecting a fingerprint , a first optical sensing zone 37 and a 
second optical sensing zone 39 on two opposite sides of the 
zone 29 to provide for additional optical sensing beyond the 
fingerprint sensing . 
[ 0048 ] As shown in FIG . 1B , this particular optical fin 
gerprint sensor design is different from some other finger 
print sensor designs using a separate fingerprint sensor 
structure from the display screen with a physical demarca 
tion between the display screen and the fingerprint sensor 
( e . g . , a button like structure in an opening of the top glass 
cover in some mobile phone designs ) on the surface of the 

mobile device . Under the illustrated design in FIG . 1B the 
fingerprint sensor zone 21 and the associated optical detector 
sensor module 23 for detecting fingerprint sensing and other 
optical signals are located under the top cover glass or layer 
50 so that the top surface of the cover glass or layer 50 serves 
as the top surface of the mobile device as a contiguous and 
uniform glass surface across both the display screen of the 
display assembly 10 ( containing the specified display zone 
29 for fingerprint detection near the edge of the display 
screen ) and the fingerprint sensor zone 21 and the associated 
optical detector sensor module 23 . This design for integrat 
ing optical fingerprint sensing and the touch sensitive dis 
play screen under a common and uniform surface provides 
benefits , including improved device integration , enhanced 
device packaging , enhanced device resistance to failure and 
wear and tear , and enhanced user experience . This feature is 
also present in other implementations of the disclosed tech 
nology in this document . However , in some implementa 
tions of the optical sensing of fingerprints and other sensing 
operations , the optical sensor module may be packaged in a 
discrete device configuration in which the optical sensor 
module is a distinct structure that has a structural border or 
demarcation with the display screen , e . g . , a button like 
fingerprint sensor structure in an opening of the top glass 
cover in some mobile phone designs based on all optical 
sensing or a hybrid sensing with both capacitive sensing and 
optical sensing . 
[ 0049 ] A visible package of a fingerprint sensor can be 
used in any devices with display or similar light sources . The 
optical sensing in FIG . 1 is based on illumination of a user ' s 
finger . Different illumination mechanisms may be used . For 
example , in some implementations , the display elements of 
the display screen that are located within the several zones 
29 , 37 , 39 in FIG . 1A within the display screen for optical 
sensing can be used to illuminate the user ' s finger . The light 
from such display elements of the display screen is used to 
form part of the displayed images on the display screen as 
part of the mobile device operation and the light , after 
transmitting through the top layer of the screen , will illu 
minate the user ' s finger to cause reflected or scattered light 
from the illuminated finger to allow optical sensing by the 
detector array 23 and other detectors 41 , 43 , 37 and 39 . A 
suitable display screen for implementing the disclosed opti 
cal sensor technology can be based on various display 
technologies or configurations , including , a display screen 
having light emitting display pixels without using backlight 
where each individual pixel generates light for forming a 
display image on the screen such as an organic light emitting 
diode ( OLED ) display screens or electroluminescent display 
screens . The disclosed optical sensor technology may also 
be adapted for use with other display screens , such as LCD 
display screens which use one or more illumination light 
sources ( e . g . , LEDs ) to produce illumination light in a 
backlighting or edge lighting configuration to illuminate the 
LCD display pixels which filter and modulate the illumina 
tion light at each LCD pixel to display the images . 
[ 0050 ] When the display illumination light is used to 
illuminate the user ' s finger for optical sensing of the user ' s 
fingerprint or other biometric parameters , the light from the 
display , which can be directly emitted by display pixels ( e . g . , 
OLED display pixels ) or can be optically filtered by the 
display pixels ( e . g . , LED display pixels based on backlight 
ing or edge lighting designs ) , contains different colors , e . g . , 
red ( 575 nm - 660 nm ) , green ( 490 nm - 575 nm ) and blue ( 410 
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nm - 490 nm ) light . For optical sensing other than finger 
prints , such as the blood flow speed or heartbeat rate , the 
optical wavelength for the light that illuminates the user ' s 
finger may be selected at certain optical wavelengths , e . g . , in 
the red spectra for sensing a user ' s blood to obtain the 
heartbeat rate , the oxygen level , the glucose level and others . 
In an OLED display screen , each display color pixel 
includes at least OLED pixels at three different colors and 
the red light from red color OLED pixels can be to measure 
the blood information of a user . 
[ 0051 ] Several integrated detector arrays 23 , 33 , 41 , 43 
( e . g . photo diodes ) can be used to detect the light scattered 
from the finger tissues and detect the light in the environ 
ment . The detector arrays 23 , 33 , 41 , 43 can be placed and 
packaged close to the specified display zones 29 , 37 , 39 to 
enhance the light detection efficiency . Depending on the 
applications and specific device designs , the positions of the 
specified display zones shown in FIG . 1 may be modified 
from the exemplary locations as shown in FIG . 1A and be 
placed at other suitable locations on the display assembly 10 . 
[ 0052 ] In various implementations , one or more other light 
sources may be used to produce light to illuminate a user ' s 
finger for optically sensing the fingerprints or other biomet 
ric parameters of the user . Such light for optical sensing is 
different and separate from the display illumination light that 
is either emitted by display pixels ( e . g . , OLED display 
pixels ) or is directed from illumination light sources to the 
display pixels ( e . g . , LED display pixels based on backlight 
ing or edge lighting designs ) . The one or more light sources 
for optical sensing may be integrated into the display or the 
mobile device in FIG . 1 to provide special illumination to 
the user ' s finger for optical sensing . The optical wavelength 
of such light sources for optical sensing can be selected to 
meet the optical sensing requirements . For example , one or 
more red light sources may be used to illuminate red light 
onto the user ' s finger for optical sensing of blood informa 
tion of the user . The illumination light from such other light 
sources can be modulated to improve the optical sensing 
detection . For example , the display light sources can be 
modulated with a proper pattern so as to reject background 
light during detection . The sensor module can detect finger 
print , heartbeat , and blood flow speed etc . If specified 
wavelengths light sources are integrated into the display , the 
sensor module can monitor other bio - parameters , such as 
glucose and degree of blood oxygen saturation . 
[ 0053 ] FIGS . 2A and 2B are block diagrams of an example 
of a fingerprint sensing module in a visible fingerprint sensor 
package for installing in a mobile device , such as the mobile 
device of FIG . 1 . FIG . 2A is a top - down view of the 
fingerprint sensing module in the visible package . FIG . 2B 
is a side view along a direction that is parallel to the display 
screen surface showing an exemplary fingerprint sensing 
operation based on detecting returned light by the optical 
detector array 23 . As shown in FIG . 2A , the display assem 
bly 10 with the integrated finger property sensor includes a 
specified display zone 29 for fingerprint detection . Refer 
ence number 62 represents a finger pressing on the sensor . 
Similar to FIG . 1 , the detector array 23 disposed near the 
specified display zone 29 includes multiple detector ele 
ments including detector elements in the fingerprint detector 
zone 33 for fingerprint sensing and fingerprint property 
detection responsive to the finger 62 pressing on the sensor . 
The detector array 23 also includes detector elements in the 
environment and blood flow zones 41 and 43 for environ 

ment and blood flow speed detection . Examples of the 
detector elements of the detector array 23 include optical 
devices such as photodiodes . 
[ 0054 ] As shown in FIG . 2B , the display assembly 10 with 
an integrated finger property sensor component includes a 
cover glass 50 and other display layers 54 . Display elements 
71 and 73 of the display screen within the display assembly 
10 can be disposed in the display layers 54 and are operated 
to emit modulated light to display images on the display . In 
addition to their functions for displaying images , the light 
from the display elements 71 and 73 exiting the top surface 
of the display screen in the specified display zone 29 for 
fingerprint detection near the edge of the display screen is 
also used to illuminate a user ' s finger pressed in the zone 29 
to create reflected or scattered light from the finger towards 
the optical detector array 23 for fingerprint sending and 
other optical sensing operations . Examples of display ele 
ments 71 and 73 include various types of light emitting 
devices such as light emitting diodes ( LEDs ) and organic 
LEDs ( OLEDs ) . Also , the detector array 23 is disposed 
below the cover glass 50 . Light beams 80 and 82 emitted 
from the display elements 71 and 73 interface with the cover 
glass 50 , some of which pass through the top glass 10 and 
interface with different parts of the finger 60 . For example , 
at least some of the light beam 80 emitted from display 
element 71 can pass through the cover glass 50 and interface 
with finger skin ridge 61 . A portion of the light beam 80 that 
interface with the finger skin ridge 61 is light 83 that is 
coupled or absorbed into the finger tissues 60 . Another 
portion of the light beam 80 is a reflected light 81 that 
reflects off of the cover glass 50 . 
[ 0055 ] A portion of the light beam 82 emitted from the 
display element 73 passes through the cover glass 50 and 
interfaces with finger skin valley 63 . The portion of the light 
beam 82 that interfaces with the finger skin valley 63 is 
shown as light 89 that is coupled or absorbed into finger 
tissues 60 . Another portion of the light beam 82 is shown as 
a reflected light 85 that reflects off of the cover glass 50 . Yet 
another portion of the light beam 82 is shown as a finger skin 
reflected light 87 that reflects off of the finger skin valley 63 . 
Yet another portion of the light beam 82 ends up as scattered 
light 91 that scatters into the detector array 23 , such as 
photodiodes . 
[ 0056 ] The display elements 71 and 73 in the specified 
zone 29 and the detector elements in zone 33 are used to 
measure the fingerprint . The detector elements in zone 41 or 
43 , or both 41 and 43 are used to monitor the environment 
light illumination . The display elements in the specified zone 
29 are formed in one or more patterns appropriate for 
fingerprint , environment , and blood flow detection . For 
example , display elements in zone 29 can be divided into 
small groups , each group having an appropriate number of 
detector elements . The small groups of detector elements 
can be turned on in turn to illuminate the finger placed on or 
close to the sensor zones . The detector elements in the 
detector array 23 detect the scattered light 91 scattered from 
the finger . The detector signals from the detector array 23 
elements in zone 33 carry the fingerprint information . The 
detector signals from the detector element sin zone 41 , 43 , 
or both are used to calibrate the fingerprint signal from zone 
33 so as to eliminate the influence of the environment light 
including the influence from other display zones . 
[ 0057 ] As illustrated in FIGS . 2A and 2B , responsive to a 
finger placed on the display screen and the photodiode area , 
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display elements or light sources 71 and 73 can emit light 
toward the finger to perform fingerprint and fingerprint 
properties detection . Finger skin ' s equivalent index of 
refraction is about 1 . 43 at 633 nm . Typical bare cover glass 
index of refraction is about 1 . 51 . When some of the display 
elements 71 are illuminated at the finger skin ridge locations 
61 , the finger ridge - cover glass interface reflected light 81 
consumes very little power ( - 0 . 1 % ) of the incident light 80 . 
The majority of the light beam 80 is transmitted 83 into the 
finger tissues 60 . A portion of the light 80 is scattered 91 into 
the photo diode array 23 . 
[ 0058 ] When some of the display elements 73 are illumi 
nated at the finger skin valley locations 63 , the cover glass 
surface reflects about 3 . 5 % of the incident light 82 as 
reflected light 85 , and the finger valley surface reflects about 
3 . 3 % of the incident light as reflected light beam 87 . In total , 
about 6 . 8 % of the light 82 is lost by the surface reflection . 
The majority of the light 82 is transmitted 89 into the finger 
tissues 60 . A portion of the light 82 is scattered 91 into the 
photo diode array 23 . The surface reflection ratio difference 
between the finger valley and finger ridge carries the fin 
gerprint map information . 
[ 0059 ] The display elements 71 and 73 can be turned on in 
sequence using a modulation pattern , for example , with 
different codes at different locations . Also , the detector 
arrays 23 of photodiodes can be synchronized with the 
display scanning . The modulation pattern of the display 
elements 71 and 73 , the detector array 23 synchronization , 
or both can be used to acquire a sequence of signals . The 
sequence of signals can be demodulated to acquire a map of 
the finger ridges and valleys by comparing the amplitudes of 
the signals . 
100600 . When the distance between the illuminated display 
elements and the detectors ( e . g . , photodiodes ) changes , the 
light absorption of the finger tissues also changes so that the 
photodiode detected light power is affected . Adjusting the 
brightness of the display elements 71 and 73 can calibrate or 
eliminate the influence of the change in the distance between 
the illuminated display elements and the detectors . For 
example , the display elements that are further away from the 
detector array can be illuminated to be brighter than display 
elements that are closer to the detector array 23 . Due to the 
divergence of the display element emitted light beam , and to 
enhance the fingerprint image contrast , the display elements , 
such as RGB ( red green blue ) elements are set close to the 
finger skin or the light beam is collimated . 
[ 0061 ] FIG . 3 is a block diagram of an exemplary finger 
print sensing module in a visible package for heartbeat 
sensing . The fingerprint sensing module includes a display 
assembly 10 with in integrated finger property sensor com 
ponent . Detector array 23 is disposed near the display 
assembly and positioned to receive reflected or scatter light 
caused by a contact to the top cover surface by a finger 62 . 
A specified display zone 29 for fingerprint detection is 
designated on the display assembly 10 at a location within 
the display screen near the detector array 23 . In response to 
a touch , the display pixels in the display zone 29 are turned 
on to project light towards the top cover surface of the 
display to illuminate the top cover surface area within the 
display zone 29 to illuminate the user ' s finger 62 . A portion 
of the reflected or scattered light from the user ' s finger 62 in 
touch with the top cover surface in the display zone 29 can 
reach the nearby detector array 23 . The detector array 23 
includes detector elements in the fingerprint detector zone 

33 for fingerprint and fingerprint property detection . Detec 
tor elements in zones 41 and 43 are for environment and 
blood flow speed detection . 
[ 0062 ] To detect the heartbeat signals , more display ele 
ments are turned on simultaneously so as to generate suffi 
cient incident light power for the optical sensing of the 
heartbeat signals . The finger tissue light absorption ratio 
varies with the blood flow which is controlled by the 
heartbeat . The light absorption fluctuation signal reflects the 
heartbeat rate . In the disclosed technology , the light wave 
length of the light emitted by the display elements may be 
selected to optimize the detection . Also , the light illumina 
tion may be modulated at a frequency so as to further reduce 
the influence of the environment . For example , the specified 
display zone can be operated at a very high frame rate so as 
to realize the modulation . In some implementations , the light 
sources of the display can be modulated . In some imple 
mentations , extra modulated light sources can be integrated 
into the display assembly 10 . Performing heartbeat sensing 
simultaneously with the fingerprint acquiring can greatly 
improve the secure access of the mobile device by differ 
entiating between a fake fingerprint and a fingerprint from a 
live finger . 
[ 0063 ] FIG . 4 shows an exemplary fingerprint sensing 
module in a visible package for blood flow speed sensing . 
The fingerprint sensing module includes a display assembly 
10 with in integrated finger property sensor component . 
Detector array 23 is disposed near the display assembly and 
positioned to receive a finger 101 to be monitored . The 
detector array 23 includes detector elements in the finger 
print detector zone 33 for fingerprint and fingerprint prop 
erty detection . Detector elements in zones 41 and 43 are for 
environment and blood flow speed detection . The display 
assembly 10 also includes specified zones 37 and 39 within 
the display screen area for blood flow speed detection . 
[ 0064 ] In FIG . 4 , the fingerprint sensor assembly is struc 
tured to receive the finger on the sensor area 101 , with one 
side overlapping with display elements in zone 37 and 39 
and the other side overlapping with the detectors ( e . g . , 
photodiodes ) in zone 41 and 43 respectively . Display ele 
ments in zone 37 and detectors in zone 41 cooperate to 
measure the pulse signals at one position of the finger . 
Display elements in zone 39 and detectors in zone 43 
cooperate to measure the pulse signals at the other position 
of the finger . The pulsation signal is generated in the arteries . 
In FIG . 4 , a finger can be placed along the direction of the 
two zones 37 and 39 as illustrated . The blood flowing in the 
arteries is detected at the left zone 37 and the right zone 39 
representing the blood flowing across the zones from the left 
zone 37 to right zone 39 . When the blood flows back from 
the right zone 39 to the left zone 37 , the blood flows in the 
veins and no pulsation signal is obvious . By comparing the 
pulsation delay time between the two locations 37 and 39 , 
the blood flow speed information can be acquired . Because 
blood pressure is correlated with blood flow speed , the 
sensor shown in FIG . 4 can also monitor the blood pressure . 
100651 . In some implementations , the illumination light 
emitted by the display elements may be modulated to reduce 
or eliminate background noise . For example , the emitted 
light can be modulated at a predetermined frequency so as 
to further reduce the influence of the environmental condi 
tions . Frequency modulating the emitted light can include 
operating the display elements in the specified display zone 
at very high frame rate to achieve a desired modulation . 
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Also , the display light sources can be modulated . In some 
implementations , specified modulated light sources can be 
integrated into the display assembly 10 . 
[ 0066 ] FIG . 5 is a graph showing an exemplary signals 
from blood flow speed sensing performed in FIG . 4 . FIG . 5 
shows that there is a time delay between two positions ( e . g . , 
Position 1 and Position 2 ) along a finger in the signals 
measured by the sensor module in FIG . 4 . The typical blood 
flow speed in a person is approximately 20 cm per second in 
the finger ' s major arteries . If the distance between the two 
positions is approximately 20 mm , the time delay is approxi 
mately 100 ms . This time delay can be detected using the 
fingerprint sensor module disclosed in FIG . 4 and other 
designs in this document . 
[ 0067 ] Invisible Optical Fingerprint Sensor Package 
[ 0068 ] The above disclosed optical sensing functions 
associated with fingerprint sensing and other biometric 
marker sensing can be alternatively achieved by using an 
“ invisible ” optical fingerprint sensor package to match one 
or more detector arrays ( e . g . , an array containing photo 
diodes ) directly under the display so that the optical finger 
print sensor package is underneath the device display screen . 
Because the optical sensing module are now underneath of 
the display screen and is hidden from the plain view from the 
top surface of the mobile phone , this design is an “ invisible ” 
optical fingerprint sensor package . Implementations of this 
under - screen optical fingerprint sensing package may be 
used to eliminate the need for a window opening or desig 
nated area for the fingerprint sensor module so that the entire 
top surface of the mobile device may be used for enlarging 
the display screen size while still providing optical sensing 
of fingerprints and other biometric marker measurements . 
[ 0069 ] FIG . 6 is a block diagram showing an example of 
an invisible optical fingerprint sensor package in a mobile 
device . FIG . 6 includes three different views in FIGS . 6A 
( top view from the display side of the mobile device ) , 6B 
( side view along the line B - B ' in FIG . 6A to show different 
layers in the fingerprint sensor ) and 6C ( showing some 
details of example of optical detector arrangement of the 
fingerprint sensor ) . Referring to FIG . 1A , the mobile device 
utilizing the invisible package of the fingerprint sensor 
includes a display assembly 10 with an integrated finger 
property sensor component . Reference number 12 indicates 
one or more other sensors on the mobile device . The mobile 
device can also include user input mechanisms such as side 
buttons 14 , 16 prepared for the smart terminals . Reference 
number 21 represents the fingerprint sensor zone , where the 
fingerprint sensor is located below the display screen . 
Located near the fingerprint sensor zone 21 is a specified 
display zone 29 within the display screen for fingerprint 
detection for receiving and illuminating a user ' s finger and 
thus may be referred to as the illumination zone 29 . The zone 
21 may overlap or partially overlap the illumination zone 29 
to receive part of reflected or scattered light from the 
illuminated finger in touch with the illumination zone 29 . As 
shown in FIG . 6B , reference number 123 represents an 
optical detector array associated with the fingerprint sensor . 
Disposed above the detector array 123 are receiving optics 
124 , which are the optical detectors for detecting light 
reflected off of a target , such as a finger . A back board with 
integrated circuitry is disposed below the detector array . In 
some implementations , the detector array 123 can be inte 
grated into the backboard 125 . The backboard 125 can be 
disposed over a flexible printed circuit ( FPC ) 127 . 

[ 0070 ] The detector array 123 includes multiple detector 
elements arranged in different detector zones including 
fingerprint detector zone 133 for fingerprint and fingerprint 
property detection and environment and blood flow detector 
zones 141 and 143 for environment and blood flow speed 
detection . Referring to FIG . 6C , reference numbers 37 and 
39 represent specified zones over an enhanced cover glass 
50 for blood flow speed detection . The display assembly 10 
includes the enhanced cover glass 10 and other display 
layers 54 disposed below the enhanced cover glass 50 . A 
support glass 56 may be disposed under the cover glass 50 
in some implementations . 
[ 0071 ] As shown in FIG . 6B , the fingerprint sensor zone 
21 and the associated optical detector sensor module 123 for 
detecting fingerprint sensing and other optical signals are 
located under the top cover glass or layer 50 so that the top 
surface of the cover glass or layer 50 serves as the top 
surface of the mobile device as a contiguous and uniform 
glass surface across both the display screen of the display 
assembly 10 ( containing the specified display zone 29 for 
fingerprint detection near the edge of the display screen ) and 
the fingerprint sensor zone 21 and the associated optical 
detector sensor module 123 . 
[ 0072 ] The invisible optical fingerprint sensor package 
can be used in any devices with display or similar light 
sources . The display elements of several zones 29 , 37 , 39 are 
used to illuminate the user ' s finger . Several integrated detec 
tor ( e . g . , photodiode ) arrays 123 , 133 , 141 , 143 underneath 
the display screen are used to detect the light scattered from 
the finger and detect the light in the environment . The 
photodiode arrays 123 , 133 , 141 , 143 are packaged close to 
the specified display zones 29 , 37 , 39 and fixed under the 
display assembly 10 so as to achieve a high light detection 
efficiency . The positions of the specified display zones 29 , 
37 , 39 are not limited to the examples shown in FIG . 6 , and 
can be adjusted to be placed at various suitable locations to 
perform fingerprint detection and other optical sensing 
operations . 
[ 0073 ] Like the design in FIG . 1 , the illumination light for 
the optical fingerprint sensing and other optical sensing can 
be provided in different ways . In some implementations , the 
display pixels may be used to provide the illumination light 
to the finger . In other implementations , additional light 
sources can be integrated into the display to provide special 
illumination . Also , the added light sources can be modu 
lated . For example , the display light sources can be modu 
lated using an appropriate pattern so as to reject background 
light during the detection . 
[ 0074 ] The sensor module as shown in FIG . 6 can detect 
fingerprints and additional biometric markers , such as heart 
beat and blood flow speed . If light sources of certain 
specified wavelengths are integrated into the display , the 
sensor module can further monitor additional bio - param 
eters , such as glucose and degree of blood oxygen satura 
tion . 
10075 ] FIGS . 7A and 7B are block diagrams of an exem 
plary fingerprint sensing module in an invisible package for 
installing in a mobile device , such as the mobile device of 
FIG . 6 . FIG . 7A is a top - down view of the fingerprint sensing 
module in the visible package . FIG . 7B is a block diagram 
showing a cross sectional view of the invisible optical 
fingerprint sensor package along the line B - B ' in FIG . 7A 
and further illustrates an exemplary fingerprint sensing 
operation . As shown in FIG . 7A , the display assembly 10 
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with the integrated finger property sensor includes a speci 
fied display zone 29 for fingerprint detection . Reference 
number 62 represents a finger pressing on the sensor . Similar 
to FIG . 6 , the detector array 123 disposed near the specified 
display zone 29 includes multiple detector elements includ 
ing detector elements in the fingerprint detector zone 133 for 
fingerprint and fingerprint property detection responsive to 
the finger 62 pressing on the sensor . The detector array 123 
also includes detector elements in the environment and 
blood flow zones 141 and 143 for environment and blood 
flow speed detection . Examples of the detector elements of 
the detector array 123 include optical devices such as 
photodiodes . 
[ 0076 ] As shown in FIG . 7B , the display assembly 10 with 
an integrated finger property sensor component includes a 
cover glass 50 and other display layers 54 . Display elements 
71 and 73 can be disposed in the other display layers 54 . 
Examples of display elements 71 and 73 include various 
types of light emitting devices such as light emitting diodes 
( LEDs ) . Also , the detector array 123 is disposed below the 
cover glass 50 . Light beams 80 and 82 emitted from the 
display elements 71 and 73 interface with the cover glass 50 , 
some of which pass through the top glass 10 and interface 
with different parts of the finger 60 . For example , at least 
some of the light beam 80 emitted from display element 71 
can pass through the cover glass 50 and interface with finger 
skin ridge 61 . A portion of the light beam 80 that interface 
with the finger skin ridge 61 is light 183 that is coupled or 
absorbed into the finger tissues 60 . Another portion of the 
light beam 80 is a reflected light 181 that reflects off of the 
cover glass 50 . 
[ 0077 ] A portion of the light beam 82 emitted from the 
display element 73 passes through the cover glass 50 and 
interfaces with finger skin valley 63 . The portion of the light 
beam 82 that interfaces with the finger skin valley 63 is 
shown as light 189 that is coupled or absorbed into finger 
tissues 60 . Another portion of the light beam 82 is shown as 
a reflected light 185 that reflects off of the cover glass 50 . Yet 
another portion of the light beam 82 is shown as a finger skin 
reflected light 187 that reflects off of the finger skin valley 
63 . Yet another portion of the light beam 82 ends up as 
scattered light 191 that scatters into the detector array 123 , 
such as photodiodes . 
[ 0078 ] The display elements 71 and 73 in the specified 
zone 29 and the detector elements in zone 133 are used to 
measure the fingerprint . The detector elements in zone 141 , 
143 , or both 141 and 143 are used to monitor the environ 
ment light illumination . The display elements in the speci 
fied zone 29 are formed in one or more patterns appropriate 
for fingerprint , environment , and blood flow detection . For 
example , display elements in zone 29 can be divided into 
small groups , each group having an appropriate number of 
detector elements . The small groups of detector elements 
can be turned on in turn to illuminate the finger placed on or 
close to the sensor zones . The detector elements in the 
detector array 23 detect the scattered light 91 scattered from 
the finger . The detector signals from the detector array 23 
elements in zone 133 carry the fingerprint information . The 
detector signals from the detector element sin zone 141 , 143 , 
or both are used to calibrate the fingerprint signal from zone 
133 so as to eliminate the influence of the environment light 
including the influence from other display zones . 
[ 0079 ] As illustrated in FIGS . 7A and 7B , responsive to a 
finger placed on the display screen and the photodiode area , 

display elements or light sources 71 and 73 can emit light 
toward the finger to perform fingerprint and fingerprint 
properties detection . Finger skin ' s equivalent index of 
refraction is about 1 . 43 at 633 nm . Typical bare cover glass 
index of refraction is about 1 . 51 . When some of the display 
elements 71 are illuminated at the finger skin ridge locations 
61 , the finger ridge - cover glass interface reflected light 181 
consumes very little power ( ~ 0 . 1 % ) of the incident light 80 . 
The majority of the light beam 80 is transmitted 83 into the 
finger tissues 60 . A portion of the light 80 is scattered 191 
into the photo diode array 123 . 
f0080 ] . When some of the display elements 73 are illumi 
nated at the finger skin valley locations 63 , the cover glass 
surface reflects about 3 . 5 % of the incident light 82 as 
reflected light 185 , and the finger valley surface reflects 
about 3 . 3 % of the incident light as reflected light beam 187 . 
In total , about 6 . 8 % of the light 82 is lost by the surface 
reflection . The majority of the light 82 is transmitted 189 
into the finger tissues 60 . A portion of the light 82 is 
scattered 191 into the photo diode array 23 . The surface 
reflection ratio difference between the finger valley and 
finger ridge carries the fingerprint map information . 
[ 0081 ] The display elements 71 and 73 can be turned on in 
sequence using a modulation pattern , for example , with 
different code at different locations . Also , the detector arrays 
123 of photodiodes can be synchronized with the display 
scanning . The modulation pattern of the display elements 71 
and 73 , the detector array 123 synchronization , or both can 
be used to acquire a sequence of signals . The sequence of 
signals can be demodulated to acquire a map of the finger 
ridges and valleys by comparing the amplitudes of the 
signals . 
[ 0082 ] When the distance between the illuminated display 
elements and the detectors ( e . g . , photodiodes ) changes , the 
light absorption of the finger tissues also changes so that the 
photodiode detected light power is affected . Adjusting the 
brightness of the display elements 71 and 73 can calibrate or 
eliminate the influence of the change in the distance between 
the illuminated display elements and the detectors . For 
example , the display elements that are further away from the 
detector array can be illuminated to be brighter than display 
elements that are closer to the detector array 123 . Due to the 
divergence of the display element emitted light beam , and to 
enhance the fingerprint image contrast , the display elements , 
such as RGB ( red green blue ) elements are set close to the 
finger skin or the light beam is collimated . 
[ 0083 ] FIG . 8 is a block diagram of an exemplary finger 
print sensing module in an invisible package for heartbeat 
sensing . The fingerprint sensing module includes a display 
assembly 10 with in integrated finger property sensor com 
ponent . Detector array 123 is disposed near the display 
assembly and positioned to receive a contact by a finger 62 . 
A specified display zone 29 for fingerprint detection is 
disposed on the display assembly 10 to be arranged near the 
detector array 123 . The detector array 123 includes detector 
elements in the fingerprint detector zone 133 for fingerprint 
and fingerprint property detection . Detector elements in 
zones 141 and 143 are for environment and blood flow speed 
detection . 
[ 0084 ] To detect the heartbeat signals , more display ele 
ments are turned on simultaneously so as to generate enough 
incident light power . The finger tissue light absorption ratio 
varies with the blood flow which is controlled by the 
heartbeat . The light absorption fluctuation signal reflects the 
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heartbeat rate . In the disclosed technology , the light wave 
length of the light emitted by the display elements may be 
selected to optimize the detection . Also , the light illumina 
tion may be modulated at a frequency so as to further reduce 
the influence of the environment . For example , the specified 
display zone can be operated at a very high frame rate so as 
to realize the modulation . In some implementations , the light 
sources of the display can be modulated . In some imple 
mentations , extra modulated light sources can be integrated 
into the display assembly 10 . Performing heartbeat sensing 
simultaneously with the fingerprint acquiring can greatly 
improve the secure access of the mobile device by differ 
entiating between a fake fingerprint and a fingerprint from a 
live finger . 
[ 0085 ] FIG . 9 is a block diagram of an exemplary finger 
print sensing module in an invisible package for blood flow 
speed sensing . The fingerprint sensing module includes a 
display assembly 10 with in integrated finger property 
sensor component . Detector array 123 is disposed near the 
display assembly and positioned to receive a finger 101 to be 
monitored . The detector array 123 includes detector ele 
ments in the fingerprint detector zone 133 for fingerprint and 
fingerprint property detection . Detector elements in zones 
141 and 143 are for environment and blood flow speed 
detection . The display assembly 10 also includes specified 
zones 137 and 139 for blood flow speed detection . 
[ 0086 ] As illustrated in FIG . 9 , the fingerprint sensor 
assembly is structured to receive the finger on the sensor 
area 101 , with one side overlapping with display elements in 
zone 137 and 139 and the other side overlapping with the 
detectors ( e . g . , photodiodes ) in zone 41 and 43 respectively . 
Display elements in zone 137 and detectors in zone 141 
cooperate to measure the pulse signals at one position of the 
finger . Display elements in zone 139 and detectors in zone 
143 cooperate to measure the pulse signals at the other 
position of the finger . The pulsation signal is generated in the 
arteries . In FIG . 9 , the blood flowing in the arteries is 
detected at the left zone 137 and the right zone 139 repre 
senting the blood flowing across the zones from the left zone 
137 to right zone 139 . When the blood flows back from the 
right zone 139 to the left zone 137 , the blood flows in the 
veins and no pulsation signal is obvious . By comparing the 
pulsation delay time between the two locations 137 and 139 , 
the blood flow speed information can be acquired . Because 
blood pressure is correlated with blood flow speed , the 
sensor shown in FIG . 9 can also monitor the blood pressure . 
[ 0087 ] In some implementations , the illumination light 
emitted by the display elements may be modulated to reduce 
or eliminate background noise . For example , the emitted 
light can be modulated at a predetermined frequency so as 
to further reduce the influence of the environmental condi 
tions . Frequency modulating the emitted light can include 
operating the display elements in the specified display zone 
at very high frame rate to achieve a desired modulation . 
Also , the display light sources can be modulated . In some 
implementations , specified modulated light sources can be 
integrated into the display assembly 10 . 
[ 0088 ] Total Optical Reflection Fingerprint Sensing 
[ 0089 ] In another aspect , the total optical reflection effect 
at the cover glass of the mobile device can be used to acquire 
the fingerprint signals . The detector array can be integrated 
directly under the display in some situations such as OLED 
display , or fixed at the display edge positions . 

[ 0090 ] FIGS . 10A and 10B are cross - sectional and top 
down views of an exemplary fingerprint sensor module 
implementing a total reflection fingerprint sensing technique 
in an invisible optical fingerprint sensor package . As shown 
in FIG . 10A , the display assembly 10 with the integrated 
finger property sensor includes a specified display zone 29 
for fingerprint detection . Reference number 62 represents a 
location on the display where the finger 60 can press on the 
sensor . Similar to FIGS . 1 and 6 , the detector array 123 
disposed near the specified display zone 29 includes mul 
tiple detector elements including detector elements in the 
fingerprint detector zone 133 for fingerprint and fingerprint 
property detection responsive to the finger 60 pressing on 
the sensor at location 62 . The detector array 123 also 
includes detector elements in the environment and blood 
flow zones 141 and 413 for environment and blood flow 
speed detection . Examples of the detector elements of the 
detector array 123 include optical devices such as photo 
diodes . 
[ 0091 ] As shown in FIG . 10B , the display assembly 10 
with an integrated finger property sensor component 
includes a cover glass 50 and other display layers 54 . 
Display element 73 can be disposed in the other display 
layers 54 . Examples of display element 73 include various 
types of light emitting devices such as light emitting diodes 
( LEDs ) . Also , the detector array 123 is disposed below the 
cover glass 50 and underneath the display screen layers 54 . 
[ 0092 ] As illustrated in FIGS . 10A and 10B , a finger 60 is 
pressing on the display screen at the photodiode area 62 . The 
finger skin ' s equivalent index of refraction is about 1 . 43 at 
633 nm . The typical bare cover glass index of refraction is 
about 1 . 51 . If the cover glass 50 and the display layers 54 are 
glued together without an air gap , the light emitted by the 
display element 73 with a large incident angle will be totally 
reflected at the screen - air interface . 
[ 0093 ] When the display element 73 is turned on , the 
divergent light beams can be divided into two groups : the 
central beam 82 that is not totally reflected , and outer beams 
201 , 202 , 211 , 212 that are totally reflected when nothing 
touches the screen surface . For the central light beams 82 , 
the screen surface reflects about 0 . 1 % - 3 . 5 % of beam 82 as 
light beam 185 that is received by photo diodes 193 , the 
finger skin reflects about 0 . 1 % ~ 3 . 3 % of beam 82 as light 
beam 187 that may be received by some photo diodes 195 . 
The reflection difference is dependent at least on whether the 
light beams 82 meets with finger skin ridge 61 or valley 63 . 
The rest of the light beam 82 is coupled 189 into the finger 
tissues . 
[ 0094 ] For outer light beams 201 and 202 , the screen 
surface reflects ~ 100 % as light beams 205 and 206 respec 
tively if nothing touches the screen surface . When the finger 
skin ridges touch the screen surface near light beams 201 
and 202 , most of the light power is coupled into the finger 
tissues 60 as light beams 203 and 204 . 
[ 0095 ] For outer light beams 211 and 212 , the screen 
surface reflects at a high reflectivity ( e . g . , near 100 % ) as 
light beams 213 and 214 respectively if nothing touches the 
screen surface . When the finger touches the screen surface 
and the finger skin valleys happen to be at light beams 211 
and 212 positions , no light power is coupled into finger 
tissues 60 . 
[ 0096 ] All the light beams that are coupled into finger 
tissues 60 may be randomly scattered to form a low - contrast 
light 191 and received by multiple photo diodes 207 , 215 
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etc . In the outer light beam illuminated area , the finger skin 
ridges and valleys cause obvious reflection difference that is 
detected in the corresponding receiving photo diodes . 
Because the coordinates of the display emitting elements 
and the processing photo diodes are known , the fingerprint 
signals are acquired by comparing the differences based on 
the known locations of the display elements and detector 
elements . 
[ 0097 ] The detector array can be disposed under the 
display , or disposed besides the display , or any locations 
where the total reflection can be detected . The detector array 
can be glued onto the display layers , or attached to the 
display layer with the help of optical wedge , prism , lens etc . 
[ 0098 ] FIGS . 11A and 11B are cross - sectional and top 
down views of an exemplary fingerprint sensor module 
implementing total reflection fingerprint detection scanning 
in an invisible optical fingerprint sensor package . As shown 
in FIGS . 11A and 11B , the cover glass 50 and the other 
display layers 54 are glued together to enable total reflection 
at the cover glass surface . When the display element ( e . g . , 
light emitting element ) 241 and the detector element ( e . g . , 
processing photodiodes ) 233 are defined with respect to the 
distance between the cover glass 50 surface and the respec 
tive display elements and detector elements ( e . g . defined as 
H1 , H2 , and L respectively ) , the coordinate LF of the 
corresponding total reflection zone 231 can be calculated . 
When the size A of the emitting element 241 and the size D 
of the processing photo diodes 233 are known , the size W of 
the corresponding total reflection zone 231 can also be 
calculated . In various implementations , W can be smaller 
than D if the emitting elements size is small enough . For an 
array of illumination pixels 241 in the display screen struc 
ture 54 , there is a corresponding area 245 which is suffi 
ciently away from the illumination pixels 241 so that the 
light from the illumination pixels 241 is totally reflected . 
The optical detectors for fingerprint sensing and other opti 
cal sensing can be placed under the display screen structure 
54 in the locations within the paths of the totally reflected 
light beams from the area 245 . 
[ 0099 ] Expanding the size A of the emitting element 241 
and the size D of the processing photodiodes 233 , the size 
W of the corresponding total reflection zone 231 is also 
expanded . This implies that the resolution is reduced . 
Assuming the environment is air with a refraction index of 
nearly 1 , and the cover glass ' refraction index is n , the 
minimum total reflection incident angle can be calculated : 

[ 0101 ] FIGS . 12A , 12B , and 12C represent an exemplary 
fingerprint sensor module installed in a mobile device and 
implementing total reflection fingerprint detection scanning . 
As shown , cover glass 50 and other display layers 54 are 
glued or otherwise engaged together so that total reflection 
can happen at the cover glass surface . Underneath of the 
display screen structure 54 is the 2D detector array 261 with 
multiple photodetectors such as a group of photodetectors 
233 and another group of photodetectors 235 . One or more 
light emitting elements 241 are turned on when the device is 
touched . Each light beam from the light emitting element 
241 is totally reflected in a zone 263 within the total 
reflection zone 245 to a corresponding direction towards the 
detector array 261 placed underneath the display screen 
structure 54 . For example , light beams 221 and 223 are 
reflected to light beams 222 and 224 respectively . The 
reflected light beams 222 and 224 are received by photo 
diodes 233 . Similarly , other light beams from the light 
emitting element ( i . e . , light source ) 241 are received by 
photo diodes 235 . 
[ 0102 ] The 2D detector array 261 is used to detect the total 
reflected light from the zone 263 or other zones in the zone 
245 . The fingerprint in the corresponding detection zone 263 
can be detected . Because of the light bending by the reflec 
tion and because of the divergence of the probing light 
beams , there is some distortion in the fingerprint image . This 
distortion can be corrected based on the coordinates of the 
light source and the photo diodes . Symmetrically , by using 
single small - sized photo diodes , and scanning the light 
sources in 2 dimensions , the fingerprint can also be detected . 
[ 0103 ] In some implementations , the light sources or 
additional light sources can be packaged at other positions , 
such as 242 at one end of the display . The added light 
sources can be partial of the display , or discrete light sources 
such as LEDs . When the light sources are far away from the 
detector array , the distortion is reduced 
101041 As described above , the 2D detector array position 
is also flexible . Any locations where the total reflection can 
be received may be used to place the detector array . 
[ 0105 ] In some applications , such as in smartphone , tablet 
etc . , the fingerprint distortion can be eliminated with the 
help of the touch sensor that identifies the touch finger 
locations . 
[ 0106 ] FIG . 13 shows an example of an image represent 
ing a result of a total reflection fingerprint detection scan 
ning in operating the device shown in FIGS . 11A , 11B , 12A , 
12B and 12C . This resultant image of the fingerprint 
obtained using the total reflection is captured by a 2D optical 
detector array for the subsequent fingerprint sensing opera 
tion . The resultant fingerprint image reveals an enhanced 
quality of the fingerprint image . 
10107 ] FIGS . 14A , 14B , and 14C represent another exem 
plary fingerprint sensor module installed in a mobile device 
and implementing total reflection fingerprint detection . As 
shown in FIGS . 14A , 14B , and 14C , cover glass 50 and other 
display layers 54 are glued together to enable total reflection 
at the cover glass surface . The light emitting element ( i . e . , 
light source ) 241 is turned on . Each light beam from the 
source 241 is reflected to a proper direction . For example , 
light beams 221 and 223 are reflected to light beams 222 and 
224 respectively . The reflected light beams 222 and 224 are 
received by photo diodes 233 . Similarly , other light beams 
from the light source 241 are received by the photo diodes 
235 . 

6 = sin 1C ) 
As a result , the central light beams zone 243 can be 
calculated . The rest of the positions are located in the total 
reflection zone 245 . For example , if n = 1 . 51 , and H1 = 0 . 6 
mm , for a point light source , the diameter of the central light 
beams zone is about 1 . 06 mm . If H2 is given , the closest 
photo diode distance Lmin can be calculated . For example , 
when H2 = 1 . 2 mm , the minimum Lmin is about 1 . 59 mm . 
10100 ] When one display element is turned on , multiple 
point fingerprint signals can be simultaneously acquired 
with multiple element detector array 123 . Or , for a known 
photo diode , multiple point fingerprint signals can be simul 
taneously acquired by sequentially lighting on multiple 
display elements . 
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[ 0108 ] When a linear detector array 271 is used to detect 
the total reflected light , the fingerprint in the corresponding 
detection line 273 can be detected . Because of the light 
bending by the reflection and because of the divergence of 
the probing light beams , there is some distortion in the 
fingerprint image . This distortion can be corrected based on 
the coordinates of the light source and the photo diodes . 
When the light source 241 is scanned along linear directions 
275 , the detection line 273 is also scanned to cover a 2D 
detection zone . 
( 0109 ] In some implementations , the light sources or 
additional light sources can be packaged at other positions , 
such as 281 at one end of the display . These light sources can 
be partial of the display , or discrete light sources such as 
linear LED array . When the light sources are far away from 
the detector array , the distortion is reduced . 
[ 0110 ] The emitted light from the light source elements 
can be modulated based on a code system , such as any one 
of the spread spectrum code systems including Code Divi 
sion Multiple Access ( CDMA ) so as to simplify the finger 
print image detection . Any of the CDMA and hybrid CDMA 
techniques can be used . For example , Direct Sequence 
Spread Spectrum ( DSSS ) and Frequency Hopping Spread 
Spectrum ( FHSS ) including adaptive FHSS can be used . 
Using any of the spread spectrum techniques , the light 
emitted from the light source elements can be modulated 
using distinct orthogonal pseudorandom spreading codes , 
different frequencies , amplitudes , phases , or any combina 
tion of them . 
[ 0111 ] In addition , the detector array position is flexible . 
Any locations where the total reflection can be received may 
be used to place the detector array . 
[ 0112 ] In some applications , such as in smartphone , tablet 
etc . , the fingerprint distortion can be eliminated with the 
help of the touching sensor that can identify the touch finger 
locations . 
[ 0113 ] FIGS . 15A and 15B represent another exemplary 
fingerprint sensor module installed in a mobile device and 
implementing total reflection fingerprint sensing . The under 
lying optical detector module is partially under the display 
screen structure 54 as being “ invisible ” while a part of the 
optical detector module is outside the footprint of the display 
screen structure 54 as being " visible ” so that this package is 
a partially visible and partially invisible package . The finger 
print sensor of FIGS . 15A and 15B includes detector array ( s ) 
123 disposed near the fingerprint sensing zone 21 and a 
specified display zone 29 for fingerprint detection . A cover 
glass 50 and other display layers 54 are glued together to 
enable total reflection at the cover glass surface . Display 
elements 72 , 74 are embedded in the other display layers 54 
and can emit light beams 221 , 223 used for fingerprint 
detection . The emitted light beams 221 and 223 are nearly 
100 % reflected as cover glass total reflected lights 222 and 
224 , which are captured or detected by photodiodes 233 and 
235 . A connection block 251 is glued to the display layers so 
that the dimension H2 ( distance between the cover glass 50 
surface and the display elements ) is increased . As a result , 
the minimum L ( distance between the light source and the 
detector ) is also increased . Therefore , the processing photo 
diodes can be shifted to out of the display zone . Because the 
photo diodes only detect the total reflection light , no window 
is required on the cover glass color layers . Thus , this design 
is also considered as an invisible package . 

[ 0114 ] In some implementations , the connection block 251 
can be of a wedge shape or be a prism . With the help of the 
connection block , the detector array may be tilted at a proper 
angle so as to reduce the fingerprint image distortion . 
[ 0115 ] FIG . 16 is a process flow diagram showing an 
exemplary process 1600 for fingerprint detection . Sensor 
detection can be initiated ( 1602 ) to activate the related 
function modules , including the light sources , detector array , 
modulators , processing circuit , memory , touching sensors 
etc . A modulating or encoding operation ( 1604 ) can be 
performed to control the light sources to emit light beams 
that carry the modulation signal information including 
amplitude , phase shift , frequency change , or a combination . 
A signal acquisition ( 1606 ) can be performed by having the 
detector array receive the optical signals . Demodulation 
( 1608 ) is performed to have the processing circuits amplify 
the signals and check the electric effects . Detection result 
evaluation ( 1610 ) is performed to achieve the fingerprint 
image , signal strength time dependence ( heartbeat , blood 
flow speed ) , and compare the signals with the criterion . 
[ 0116 ] To determine whether the detection should be 
repeated ( 1612 ) , the following operations are performed . 
Once the initial detection result is evaluated , the processor 
makes decisions on following tasks : For example , the pro 
cessor sends the fingerprint image to memory for switch 
control or security control , to determine the user blood flow 
speed etc . According to the application of the detection 
results , the processor determines whether to continue the 
detection . When the processor determines that the detection 
will not be repeated or continued , a new job activation 
( 1616 ) can be performed according to the detection result , to 
activate various operations . 
[ 0117 ] Total Reflection Touch Sensing - Refractive Index 
Matching 
[ 0118 ] Cover glass total reflection effect can be used to 
acquire the fingerprint and touch signals . The detector array 
can be integrated directly under the display in some situa 
tions such as OLED display , or fixed at the display edge 
positions . In case of the situation that the light sources are 
too far away so that the local incident angle is too big , the 
refractive index matching can guarantee the performance of 
this concept . 
[ 0119 ] FIG . 17 shows a cross section of another device 
design where an optical sensing module is provided total 
reflection touch sensing - refractive index matching technique 
FIGS . 18A and 18B show an example of a device imple 
menting the design in FIG . 17 based on the total reflection 
touch sensing - refractive index matching technique . As 
shown in FIGS . 17 , 18A and 18B , cover glass 50 and other 
display layers 54 are glued together so that total reflection 
can happen at the cover glass surface . The glue to connect 
the cover glass 50 and the display layers 54 has refractive 
index nl , cover glass 50 has a refractive index of n , and the 
touching material 60a ( finger etc . ) has a refractive index of 
n2 . If the local incident angle O is greater than the total 
reflection angle decided by n and n2 , no light can be coupled 
out by the touching material . When nl is not greater than n2 , 
any local incident angle 8 is acceptable . Thus , a proper glue 
material can be used to match the refractive index helps 
improving the performance . Each light beam from the 
emitting elements 241 is reflected to a proper direction . For 
example , light beams 301 and 303 are reflected to photo 
diodes 235 . If a linear detector array 271 is used to detect the 
total reflected light , the fingerprint in the corresponding 
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detection line 273 can be detected . When the light sources 
241 are scanned along directions 275 , the detection line 273 
is also scanned to cover a two dimensional ( 2D ) detection 
zone . When the detector array 271 is 2D , the corresponding 
detection zone 273 is also 2D . When the light source 241 is 
scanned , the detection zone 273 is also scanned . 
[ 0120 ] FIGS . 19A , 19B , and 19C are diagrams showing an 
example of a total reflection touch sensing - refractive index 
matching technique . As shown in the FIGS . 19A , 19B , and 
19C , cover glass 50 and other display layers 54 are 
assembled together . A connection block 252 is glued to the 
cover 50 under the sensing window 50a so that total reflec 
tion can occur at the sensing window . The connection block 
252 has a refractive index of nl , cover glass 50 has a 
refractive index of n , and the touching material 60a ( finger 
etc . ) has a refractive index of n2 . When nl is not greater than 
n2 , any local incident angle is acceptable . Using a proper 
connection block material to match the refractive index can 
improve the performance . Each light beam from the emitting 
elements 241 is reflected to a proper direction . For example , 
light beams 305 and 307 are reflected to photo diodes 235 . 
When a linear detector array 271 is used to detect the total 
reflected light , the fingerprint in the corresponding detection 
line 273 can be detected . When the light sources 241 are 
scanned along directions 275 , the detection line 273 is also 
scanned to cover a 2D detection zone . Also , when the 
detector array 271 is 2D , the corresponding detection zone 
273 is also 2D . When the light source 241 is scanned , the 
detection zone 273 is also scanned . 
[ 0121 ] Fingerprint Sensor Technologies 
[ 0122 ] In the above examples for detecting fingerprints 
and other biometric parameters , the fingerprint sensor is 
based on optical sensing . Optical fingerprint sensing may be 
substituted in some implementations by other fingerprint 
sensors such as capacitive fingerprint sensors or a hybrid 
fingerprint sensor with both optical sensing and capacitive 
sensing for sensing fingerprints . Accordingly , fingerprint 
sensor modules as disclosed in this patent document can be 
implemented using one or a combination of various sensing 
technologies including self - capacitive sensing , mutual 
capacitive sensing , and optical sensing among others . The 
disclosed technology for detecting a live finger is not 
dependent on a particular type of sensing technology , and 
one or a combination of the various sensing technologies can 
be incorporated . 
[ 0123 ] For example , FIG . 20A is a block diagram of an 
exemplary fingerprint sensor device 2000 implementing 
self - capacitive sensing with active sensor pixel and ampli 
fication . The fingerprint sensor device 2000 is one example 
of a fingerprint sensor that implements self - capacitive sens 
ing and can be used to replace an optical fingerprint sensor 
shown in FIGS . 1 through 19C . For example , the capacitive 
sensing fingerprint sensor in FIG . 20A may be used in 
combination with the optical sensors 41 and 43 by placing 
it at one end of the display screen structure 54 underneath a 
thin top cover glass layer 50 in the visible fingerprint sensor 
package as shown in FIG . 1 . For another example , the 
capacitive sensing fingerprint sensor in FIG . 20A may be 
used in combination with the optical sensors 41 and 43 by 
placing it in a separate sensor structure as such as a button 
like fingerprint sensor structure in an opening of the top 
glass cover 50 in some mobile phone designs . The self 
capacitive fingerprint sensor device 2000 includes a sensor 
chip 2002 disposed over a substrate carrier 2004 and a 

protective film or cover layer 2006 disposed over the sensor 
chip 2002 . The protective film or cover layer 2006 can 
include an insulator or dielectric material such as glass , 
silicon dioxide ( SiO2 ) , sapphire , plastic , polymer , other 
substantially similar materials . The protective film or cover 
layer 2006 can be present to protect the sensor chip 2002 and 
to function as a part of a dielectric layer between a surface 
of a finger 2001 and conductive sensing electrodes of 
individual sensor pixels in the sensor chip 2002 . The pro 
tective film or cover layer 2006 is an optional layer depend 
ing on the application of the fingerprint sensor device 2000 . 
In some implementations , the fingerprint sensor device 2000 
can be disposed through an opening of a top cover glass of 
an electronic device such as a mobile phone or under a top 
cover glass of the electronic device . When used in the 
under - the - glass application , the protective film or cover 
2006 is not needed because the top cover glass of the 
electronic device will function to protect the sensor chip 
2002 and act as the dielectric layer . 
[ 0124 ] The sensor chip 2002 includes an array of sensor 
pixels that in combination senses or captures fingerprint data 
from the finger 2001 in contact with the protective film or 
cover layer 2006 . An exemplary sensor pixel 2008 is shown 
in FIG . 20B . Each sensor pixel 2008 of the sensor chip 2002 
generates an output signal ( e . g . , a voltage ) based on a 
capacitance of a capacitor associated with a ridge or valley 
of the finger 2001 . The output signals when combined 
together can represent a fingerprint image of the finger 2001 . 
Higher the number of pixel sensors , greater the resolution of 
the fingerprint image . 
[ 0125 ] FIG . 20C shows the circuit equivalent of the sensor 
pixel . Each sensor pixel in the array of sensor pixels of the 
sensor chip 2002 can be substantially similar to the exem 
plary sensor pixel 2008 . The exemplary sensor pixel 108 
includes an operational amplifier 2022 to amplify a capaci 
tance related signal ( e . g . , voltage signal ) detected by the 
exemplary sensor pixel 2008 . A sensor electrode 2012 that 
includes a conductive material , such as one of a variety of 
metals is electrically connected to a negative or inverting 
terminal of the amplifier 2022 . The amplifier configuration 
shown and described with respect to FIG . 20B ( and other 
figures of this patent document ) is just one example and 
other amplifier configurations are possible including a posi 
tive feedback configuration . The sensor electrode 2012 and 
a local surface of the finger 2001 function as opposing plates 
of a capacitor CS 2030 . The capacitance of the capacitor CS 
2030 varies based on a distance between the local surface of 
the finger 2001 and the sensor electrode 2012 , the distance 
between the two plates of the capacitor CS 2030 . The 
capacitance is inversely proportional to the distance ' d ' 
between the two plates of the capacitor CS 2030 . The 
capacitance is larger when the sensor electrode 2012 is 
opposite a ridge of the finger 2001 than when opposite a 
valley of the finger 2001 . 
10126 ] In addition , various parasitic capacitors can be 
formed between different conductive elements in the exem 
plary sensor pixel 2008 . For example , a parasitic capacitor 
CP1 2026 can form between the sensor electrode 2012 and 
a device ground terminal 2014 . Another parasitic capacitor 
CP2 2017 can form between the local surface of the finger 
2001 and an earth ground 2016 . Device ground is coupled to 
earth ground closely . Yet another capacitor CF 128 can form 
between an output conductor of the amplifier 2022 and the 
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negative or inverting terminal of the amplifier 2022 and 
functions as a feedback capacitor to the amplifier 2022 . 
10127 ] The positive terminal of the amplifier 2022 is 
electrically connected to an excitation signal Vin 2018 . The 
excitation signal Vin 2018 can be directly provided to the 
positive terminal of a dedicated amplifier in each sensor 
pixel . By providing the excitation signal Vin 2018 directly to 
the positive terminal of the amplifier 2022 , the exemplary 
sensor pixel 2008 becomes an active sensor pixel . In addi 
tion , providing the excitation signal Vin 2018 directly to the 
positive terminal of the amplifier 2022 eliminates the need 
to include an excitation electrode , common to all sensor 
pixels , which reduces a conductive ( e . g . , metal ) layer from 
the semiconductor structure of the sensor chip 2002 . In 
addition , by providing the excitation signal Vin 2018 
directly to the amplifier 2022 , the excitation signal Vin 2018 
is not applied directly to the finger to avoid potentially 
irritating or injuring the finger 2001 . Moreover , because the 
excitation electrode for applying the excitation signal 
directly to the finger is not used , all components of the 
fingerprint sensor device 2000 can be integrated into a single 
packaged device , and the entire fingerprint sensor device 
2000 can be disposed under the protective cover glass . With 
the entire fingerprint sensor device 2000 disposed under the 
protective cover glass , the fingerprint sensor device 2000 is 
protected from the finger and other external elements that 
can potentially damage the fingerprint sensor . 
[ 0128 ] The amplifier 2022 can generate an output signal 
based at least on the variable capacitance of the variable 
capacitor CS 2030 , and the output signal can contribute to 
the overall fingerprint data . The amplifier 2022 can generate 
the output signal based at least on the variable capacitance 
and feedback capacitance of the feedback capacitor CF with 
no additional non - parasitic capacitances contributing to the 
output signal . This is partly because , as described above , an 
additional electrode such as an external drive electrode is not 
uses in the sensor pixel 2008 . 
[ 0129 ] Fingerprint Sensor Technologies : Optical Sensors 
Integrated with Pixels 
[ 0130 ] In another aspect of the disclosed technology , each 
sensing pixel of a sensing pixel array of a fingerprint sensor 
device can be a hybrid sensing pixel having a capacitive 
sensor for capturing fingerprint information and an optical 
sensor for capturing fingerprint information including live 
finger detection as disclosed in this patent document . 
[ 0131 ] FIGS . 21A and 21B show two examples of hybrid 
sensing pixel designs that combine capacitive sensing and 
optical sensing within the same sensing pixel . 
[ 0132 ] FIG . 21A shows an example of a fingerprint sensor 
device 2100 that incorporates a capacitive sensor in addition 
to an optical sensor for each sensor pixel of an array of 
sensor pixels in capturing fingerprint information . By com 
bining both capacitive sensors and optical sensors , finger 
print images obtained with the optical sensors can be used to 
better resolve the 3D fingerprint structure obtained with the 
capacitive sensors . For illustrative purposes , the structure 
shown in FIG . 21A represents one sensor pixel in an array 
of sensor pixels and each sensor pixel includes an optical 
sensor 2102 and a capacitive sensor 2114 that are disposed 
next to each other within the same pixel . 
[ 0133 ] The optical sensor 2102 includes a photodetector 
2108 and a collimator 2106 disposed over the photodetector 
2108 to narrow or focus reflected light 2124 from finger 
2102 toward the photodetector 2108 . One or more light 

sources , such as LEDs ( not shown ) can be disposed around 
the collimator 2106 to emit light , which is reflected off the 
finger as reflected light 2124 and is directed or focused 
toward the corresponding photodetector 2108 to capture a 
part of the fingerprint image of the finger 2102 . The colli 
mator 2106 can be implemented using an optical fiber 
bundle or one or more metal layer ( s ) with holes or openings . 
This use of multiple optical collimators above the optical 
detector array may be used as a lensless optical design for 
capturing the fingerprint image with a desired spatial reso 
lution for reliable optical fingerprints sensing . FIG . 21A 
shows the collimator 2106 implemented using one or more 
metal layers 2110 with holes or openings 2112 . The colli 
mator 2106 in the layer between the top structure or layer 
2104 and the photodetectors 2108 in FIG . 21A includes 
multiple individual optical collimators formed by optical 
fibers or by holes or openings in one or more layers ( e . g . , 
silicon or metal ) and each of such individual optical colli 
mators receives light ray 2124 in a direction along the 
longitudinal direction of each optical collimator or within a 
small angle range that can be captured by the top opening of 
each opening or hole and by the tubular structure as shown 
so that light rays incident in large angles from the longitu 
dinal direction of each optical collimator are rejected by 
each collimator from reaching the optical photodiode on the 
other end of the optical collimator . 
[ 0134 ] In the capacitive sensing part of each sensing pixel , 
the capacitive sensor 2114 includes a capacitive sensor plate 
2116 that is electromagnetically coupled to a portion of a 
finger that is either nearby or in contact with the sensing 
pixel to perform the capacitive sensing . More specifically , 
the capacitive sensor plate 2116 and the finger 2102 interact 
as two plates of one or more capacitive elements 2122 when 
the finger 2102 is in contact with or substantially near the 
optional cover 2104 or a cover on a mobile device that 
implements the fingerprint sensor device 2100 . The number 
of capacitive sensor plates 2116 can vary based on the design 
of the capacitive sensor 2114 . The capacitive sensor plate 
2116 can be implemented using one or more metal layers . 
The capacitive sensor plate 2116 is communicatively 
coupled to capacitive sensor circuitry 2120 so that the 
capacitive sensor circuitry 2120 can process the signals from 
the capacitive sensor plate 2116 to obtain data representing 
the 3D fingerprint structure . A routing or shielding material 
can be disposed between the capacitive sensor plate 2116 
and the capacitive sensor circuitry to electrically shield the 
metal plate 2116 . The capacitive sensor circuitry 2120 can 
be communicatively coupled to both the capacitive sensor 
plate 2116 and the photodetector 2108 to process both the 
signal from the capacitive sensor plate 2116 and the signal 
from the photodetector 2108 . In FIG . 21A , the capacitive 
sensor and the optical sensor within each hybrid sensing 
pixel are adjacent to and displaced from each other without 
being spatially overlapped . 
[ 0135 ] In implementations , the features in the hybrid 
sensor design in FIG . 21A can be used in both visible 
fingerprint sensor package at one end of the display screen 
structure underneath a top cover glass as shown by the 
example in FIG . 1 and invisible fingerprint sensor package 
under the display screen structure as shown by the example 
in FIG . 6 . For example , the optical fingerprint sensor design 
in FIG . 6 where the optical fingerprint sensor underneath the 
top glass over 50 and the display screen structure 54 as 
illustrated in FIG . 6B may construct each optical detector 
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element by an optical collimator element in the detector 
array 123 . Therefore , the optical sensing with the optical 
collimator feature in FIG . 21A may be implemented in a 
mobile device or an electronic device is capable of detecting 
a fingerprint by optical sensing to include a display screen 
structure ; a top transparent layer formed over the display 
screen structure as an interface for being touched by a user 
and for transmitting the light from the display screen struc 
ture to display images to a user ; and an optical sensor 
module located below the display screen structure to receive 
light that is returned from the top transparent layer to detect 
a fingerprint . The optical sensor module includes an optical 
sensor array of photodetectors that receive the returned light 
and an array of optical collimators to collect the returned 
light from the top transparent layer via the display screen 
structure and to separate light from different locations in the 
top transparent layer while directing the collected returned 
light through the optical collimators to the photodetectors of 
the optical sensor array . 
[ 0136 ] FIG . 21B illustrates another example of a finger 
print sensor device 2130 that structurally integrates an 
optical sensor and a capacitive sensor in each hybrid sensor 
pixel in a spatially overlap configuration in an array of 
sensor pixels to reduce the footprint of each hybrid sensing 
pixel . In some implementations , the hybrid optical - capaci 
tive sensing fingerprint sensor in FIG . 21B may be used in 
combination with the optical sensors 41 and 43 by placing 
it at one end of the display screen structure 54 underneath a 
thin top cover glass layer 50 in the visible fingerprint sensor 
package as shown in FIG . 1 . In other implementations , the 
optical - capacitive sensing fingerprint sensor in FIG . 21B 
may be used in combination with the optical sensors 41 and 
43 by placing it in a separate sensor structure as such as a 
button like fingerprint sensor structure in an opening of the 
top glass cover 50 in some mobile phone designs . The 
fingerprint sensor device 2130 includes a semiconductor 
substrate 2131 , such as silicon . Over the substrate 2131 , 
multiple sensing elements or sensing pixels 2139 are dis 
posed . Each sensing element or sensing pixel 2139 includes 
active electronics circuitry area 2132 including CMOS 
switches , amplifier , resistors and capacitors for processing 
sensor signals . Each sensing pixel or sensing element 2139 
includes a photodetector 2133 disposed or embedded in the 
active electronics circuitry area 2132 . A capacitive sensor 
plate or a top electrode 2134 of the capacitive sensor for 
capacitive sensing is disposed over a photodetector 2133 and 
includes a hole or opening 2138 on the sensor plate 2134 to 
function also as a collimator of light for directing light onto 
the photodetector 2133 . A via 2135 filled with conductive 
material is disposed to electrically connect the top electrode 
2134 to the active circuit elements 2132 . By adjusting the 
opening or the hole and the distance of the top electrode 
2134 with the photodetector 2133 , the light collecting angle 
2137 of the photodetector ( e . g . , photodiode ) 2133 can be 
adjusted . The fingerprint sensor device 2130 is covered by a 
protective cover 2136 , which includes hard materials , such 
as sapphire , glass etc . Photodetector 2133 light collection 
angle 2137 can be designed to preserve the spatial resolution 
of the image collected by the photodiode arrays . A light 
source 2140 , such as an LED , is placed under the cover , on 
the side of fingerprint sensor device 2130 to emit light , 
which is reflected off the finger and directed toward the 
photodetector 2133 to capture the fingerprint image . When 
a finger touches or comes substantially near the protective 

cover , the finger and the sensing top electrode 2134 in 
combination form a capacitive coupling ( e . g . , capacitor 
2142 ) between the human body and sensing top electrode 
2134 . The fingerprint sensor device 2130 that includes both 
optical and capacitive sensors can acquire images of both a 
light reflection image of fingerprint and also a capacitive 
coupling image . The sensing top electrode 2134 serves dual 
purpose : 1 ) for capacitive sensing , and 2 ) as a collimator ( by 
fabricating one or more holes on the sensing top electrode 
2134 ) to direct , narrow or focus reflected light from the 
finger toward the photodetector 2133 . Reusing the sensing 
top electrode 2134 eliminates the need for additional metal 
layer or optical fiber bundle , and thus reduces each pixel size 
and accordingly the overall size of the fingerprint sensor 
device 2130 . 
[ 0137 ] In FIG . 21B , the optical sensing design uses the 
holes or openings 2138 formed between the top layer 2136 
and the bottom array of photodetectors 2133 as optical 
collimators to select only light rays within certain angles 
2137 to preserve the spatial resolution of the image collected 
by the photodetectors 2133 in the photodetector array as 
illustrated . Similar to the fiber or other tubular shaped 
optical collimators in FIG . 21A , the holes or openings 2138 
formed between the top layer 2136 and the bottom array of 
photodetectors 2133 constitute optical collimators to collect 
the returned light from the top transparent layer via the 
display screen structure and to separate light from different 
locations in the top transparent layer while directing the 
collected returned light through the optical collimators to the 
photodetectors 2133 . 
[ 0138 ] FIG . 22 is a top - down view of an exemplary hybrid 
fingerprint sensor device 2200 incorporating both an optical 
sensor and a capacitive sensor in each hybrid sensing pixel . 
The fingerprint sensor device 2200 is implemented as a 
CMOS silicon chip 2221 that includes an array of hybrid 
( incorporating both an optical sensor and a capacitive sen 
sor ) sensing elements or pixels 2222 . Alternatively , the 
layout in FIG . 22 can also be for all optical sensing designs 
disclosed in this document where the openings or holes 2223 
represent the optical collimators in FIG . 21A or 21B . The 
size or dimension of the sensing elements can be in the range 
of 25 um to 250 um , for example . The hybrid sensor device 
2200 can include an array of support circuitry including 
amplifiers , ADCs , and buffer memory in a side region 2224 . 
In addition , the hybrid sensor device 2200 can include an 
area for wire bonding or bump bonding 2225 . A top layer 
2226 of the hybrid sensor element 2222 can include a metal 
electrode for capacitive sensing . One or more openings or 
holes 2223 can be fabricated on each top metal electrode 23 
to structurally serve as a collimator for directing light in a 
vertical direction to shine on a photodetector under the top 
electrode . Thus , the top layer 2226 structure can serve dual 
purposes of optical and capacitive sensing . A sensor device 
processor can be provided to process the pixel output signals 
from hybrid sensing pixels to extract the fingerprint infor 
mation . 
( 01391 . In addition to sharing the same structure for capaci 
tive sensing and for focusing light in the vertical direction as 
a collimator , one instance of sensor signal detection circuitry 
can be shared between the optical and capacitive sensors to 
detect the sensor signals from both a photodetector and a 
capacitive sensor plate . 
[ 0140 ] FIG . 23A illustrates a circuit diagram for an exem 
plary hybrid fingerprint sensing element or pixel 2300 
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having both capacitive sensing and optical sensing functions 
for fingerprints . The exemplary sensor pixel 2300 includes 
sensor signal detection circuitry 2316 to selectively switch 
between detecting or acquiring sensor signals from a sensing 
top electrode ( e . g . , a top metal layer ) 2308 based on capaci 
tive sensing and a photodetector ( e . g . , a photodiode ) 2314 
based on optical sensing to acquire both a reflective optical 
image from the photodetector 2314 and a capacitive coupled 
image from the capacitive sensor electrode 2308 from a 
finger . In some implementations , the two images from the 
two sensing mechanisms in each hybrid sensing pixel can be 
serially processed by the sensor signal detection circuitry . In 
the illustrated example , switches 2310 and 2312 have first 
terminals that are electrically coupled to the sensing top 
electrode 2308 and the photodetector 2314 , respectively , and 
second terminals that are coupled to a common input ter 
minal of the sensor signal detection circuitry 2316 to provide 
corresponding optical detector signal from the photodetector 
2314 and the corresponding capacitive sensing signal from 
the sensing top electrode 2308 to the sensor signal detection 
circuitry 2316 . When the switch 2310 is turned off ( CAP _ 
EN = 0 ) and the switch 2312 is turned on ( Optical _ en = 1 ) , the 
sensor signal detection circuitry 2316 acquires the optical 
detector signal representing the optical image of the scanned 
fingerprint received at the particular hybrid sensing pixel . 
The sensor signal detection circuitry 2316 can acquire the 
capacitive sensing signal representing the capacitive image 
of the scanned fingerprint when switch 2310 CAP _ EN = 1 
and Optical _ en = 0 . After both the optical and capacitive 
images are acquired , both images can be processed in 
downstream circuitry separately and in combination to iden 
tify the fingerprint characteristics . 
[ 0141 ] With the two modality of imaging by the above 
hybrid sensing pixels , the performance of the fingerprint 
identification can be enhanced by making use of the two 
types of the images in different ways . This enhanced fin 
gerprint identification can be achieved by the sensor device 
processor , such as sensor device processor 2321 , for pro 
cessing the pixel output signals from the hybrid sensing 
pixels to extract the fingerprint information . For example , 
the capacitive image can provide a 3D image on the depth 
of the ridges and valleys of the fingerprint features . Comple 
menting the 3D capacitive image , the optical image can 
provide a high resolution 2D information on the fingerprint 
characteristics . The optical 2D image having a higher spatial 
resolution can be used to recover the capacitive sensing 
image resolution because both images information on the 
same ridges of the fingerprint . In some implementations 
where the capacitive sensing method may be more sensitive 
and accurate on identifying the valleys of the fingerprint 
than the optical sensing method , the spatial resolution of 
images acquired using the capacitive sensing method can 
degrade based on the thickness of the cover . This aspect of 
the capacitive sensing can be supplemented by the optical 
sensing . In operation , the sensor response may be fixed and 
the point spread function of the capacitive sensor may be 
fixed for all sensor positions . The higher resolution optical 
sensing can be used as a resolution recovery method and can 
be applied on the capacitive sensing image to enhance the 
3D image . A partial high resolution image from optical 
sensing can be available to help with the recovering method . 
Thus , the 3D capacitive image can be enhanced to provide 
more information on the valleys and ridges by interpolating 
or recovering based on the high resolution 2D image . 

[ 0142 ] The enhanced 3D image can provide an improved 
fingerprint recognition and matching . In another example , 
the optical and capacitive images can be stored together to 
provide two comparisons each time a fingerprint recognition 
or matching is performed . The use of two types of images for 
comparison enhances the accuracy and security of the fin 
gerprint sensing system . 
[ 0143 ] The sensor signal detection circuitry 2316 can be 
implemented in various ways using a number different 
circuitry designs . In one example , integrator sensing cir 
cuitry 2318 can be implemented to store the electric charges 
caused by ridges and valleys touching or being substantially 
near the cover of the fingerprint sensor device of the cover 
of the mobile device . The inclusion of the integrator cir 
cuitry 2318 enhances the signal - to - noise ratio ( SNR ) . The 
integrator sensing circuitry includes an operational amplifier 
2322 to amplify a sensor signal , such as a capacitance 
related or optical related signal ( e . g . , voltage signal ) , 
detected by the sensing top electrode 2308 or the photode 
tector 2314 of the exemplary sensor pixel 2300 . The sensing 
top electrode 2308 that include a conductive material , such 
as one of a variety of metals is electrically connected to a 
negative or inverting terminal 2328 of the amplifier 2322 
through the switch 2310 . The sensing top electrode 2108 and 
a local surface of the finger 2302 function as opposing plates 
of a capacitor Cf 2302 . The capacitance of the capacitor Cf 
2302 varies based on a distance ' d ' between the local surface 
of the finger and the sensing top electrode 2308 , the distance 
between the two plates of the capacitor Cf 2302 . The 
capacitance of capacitor Cf 2302 is inversely proportional to 
the distance ' d ' between the two plates of the capacitor Cf 
2302 . The capacitance of capacitor Cf 2302 is larger when 
the sensing top electrode 2308 is opposite a ridge of the 
finger than when opposite a valley of the finger . 
[ 0144 ] In addition , various parasitic or other capacitors 
can be formed between different conductive elements in the 
exemplary sensor pixel 2300 . For example , a parasitic 
capacitor CP 2304 can form between the sensing top elec 
trode 2308 and a device ground terminal 2305 . Device 
ground is coupled to earth ground closely . Another capacitor 
Cr 2324 can form between an output conductor of the 
amplifier 2322 and the negative or inverting terminal 2328 
of the amplifier 2322 and functions as a feedback capacitor 
to the amplifier 2322 . Also , a switch 2326 can be coupled 
between the output of the amplifier 2322 and the negative or 
inverting terminal 2328 of the amplifier 2322 to reset the 
integrator circuitry 2318 . 
[ 0145 ] The positive terminal of the amplifier 2322 is 
electrically connected to an excitation signal Vref . The 
excitation signal Vref can be directly provided to the positive 
terminal of a dedicated amplifier in each sensor pixel . By 
providing the excitation signal Vref directly to the positive 
terminal of the amplifier 2322 , the exemplary sensor pixel 
2100 becomes an active sensor pixel . In addition , providing 
the excitation signal Vref directly to the positive terminal of 
the amplifier 2322 eliminates the need to include an exci 
tation electrode , common to all sensor pixels , which reduces 
a conductive ( e . g . , metal ) layer from the semiconductor 
structure of the sensor chip . In some implementations , an 
optional excitation electrode 2306 can be implemented to 
enhance the SNR based on the design of the sensor pixel . In 
addition , by providing the excitation signal Vref 2330 
directly to the amplifier 2322 , the excitation signal Vref 
2322 is not applied directly to the finger to avoid potentially 
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irritating or injuring the finger . Moreover , when the excita 
tion electrode for applying the excitation signal directly to 
the finger is not used , all components of the fingerprint 
sensor device can be integrated into a single packaged 
device , and the entire fingerprint sensor device can be 
disposed under the protective cover glass . With the entire 
fingerprint sensor device disposed under the protective cover 
glass , the fingerprint sensor device is protected from the 
finger and other external elements that can potentially dam 
age the fingerprint sensor . 
[ 0146 ] In FIG . 23A , the output signal ( optical and capaci 
tive ) of the sensor signal detection circuitry 2316 ( e . g . , Vpo 
of the amplifiers 2322 ) in the sensor pixels 2300 is electri 
cally coupled to a switch 2320 to selectively output the 
output signal Vpo from the sensor pixel 2300 to a signal 
processing circuitry including a filter . The switch 2320 can 
be implemented using a transistor or other switching mecha 
nisms and electrically coupled to a controller to control the 
switching of the switch 2320 . By controlling the switches 
2320 , 2310 and 2312 , the sensor pixels in an array of sensor 
pixels can be selectively switched between acquiring the 
optical signals and the capacitive signals . In one implemen 
tation , the optical or capacitive signal can be acquired for 
each line , row or column of sensor pixels in the array and 
then switched to acquire the other type of signal for the line , 
row or column . The switching between the optical and 
capacitive signal acquisition can be performed line - by - line . 
In another implementation , one type of signal ( capacitive or 
optical ) can be acquired for all sensor pixels or elements in 
the array and then switched to acquire the other type of 
signal for all of the sensor pixels or elements . Thus , the 
switching between acquisition of different signal types can 
occur for the entire array . Other variations of switching 
between acquisition of the two types of sensor signals can be 
implemented . 
[ 0147 ] FIG . 23B illustrates a circuit diagram for another 
exemplary hybrid fingerprint sensing element or pixel 2340 . 
The hybrid fingerprint sensing element or pixel 2340 is 
substantially the same as the hybrid fingerprint sensing 
element or pixel 2300 with respect to the components having 
the same reference number . For descriptions of the common 
components having the same reference number , refer to the 
description of FIG . 23A . 
[ 0148 ] The hybrid fingerprint sensing element or pixel 
2340 implements the sensing top electrode 2308 to include 
a hole or opening 2342 that functions as a collimator to focus 
or narrow the reflected light 2344 toward the photodetector 
2314 ( e . g . , photodiode ) . The photodetector 2314 can be 
positioned or disposed below the collimator implemented 
using the sensing top electrode 2308 to capture the reflected 
light 2344 focused by the collimator 2308 . 
10149 ] In some implementations , separate instances of 
sensor signal detection circuitry can be included for the 
optical and capacitive sensors to detect in parallel the sensor 
signals from both a photodetector and a capacitive sensor 
plate . 
[ 0150 ] FIG . 23C illustrates a circuit diagram of an exem 
plary hybrid fingerprint sensing element or pixel 2350 for 
performing parallel detection of sensor signals from the 
photodetector and the capacitive sensor plate . The hybrid 
fingerprint sensing element or pixel 2350 is substantially the 
same as the hybrid fingerprint sensing element or pixel 2340 
with respect to the components having the same reference 

number . For descriptions of the common components having 
the same reference number , refer to the description of FIG . 
23A . 
[ 0151 ] To perform sensor signal detection from both the 
capacitive plate and the photodetector in parallel , the hybrid 
fingerprint sensing element or pixel 2350 includes separate 
sensor signal detection circuitry 2316 and 2317 communi 
catively coupled to the sensing top electrode 2308 and the 
photodetector 2324 respectively . Sensor signal detection 
circuitry 2317 can be implemented to be substantially simi 
lar to sensor signal detection circuitry 2316 . In some imple 
mentations , switches 2310 and 2312 can be disposed to have 
first terminals that are electrically coupled to the sensing top 
electrode 2308 and the photodetector 2314 , respectively , and 
second terminals that are coupled to respective sensor signal 
detection circuitry 2316 and 2317 to provide the optical 
detector signal from the photodetector 2314 and the capaci 
tive sensing signal from the sensing top electrode 2308 to the 
sensor signal detection circuitry 2316 and 2317 respectively 
When the switches 2310 and 2312 are turned on and off 
together , the sensor signal detection circuitry 2316 and 2317 
can perform sensor signal detection from the capacitive plate 
2308 and the photodetector 2314 in parallel . When the 
switches 2310 and 2312 are turned on and off out of phase 
with each other , the sensor signal detection circuitry 2316 
and 2317 can perform sensor signal detection from the 
capacitive plate 2308 and the photodetector 2314 in series . 
In addition , the sensor device processor 2321 can be com 
municatively coupled to the sensor signal detection circuitry 
2316 and 2317 either directly or indirectly through switches 
2320A and 2320B to process the detected sensor signals 
from the capacitive plate 2308 and the photodetector 2314 in 
parallel or in series . 
[ 0152 ] In another aspect of the disclosed technology , the 
optical sensor described with respect to FIGS . 21A , 21B , 22 , 
23A and 23B can be used to measure human heart beat by 
measuring the reflected light intensity change with time 
caused by blood flow variations in fingers due to the heart 
beat and pumping actions of the heart . This information is 
contained in the received light that is reflected , scattered or 
diffused by the finger and is carried by the optical detector 
signal . Thus , the optical sensor can serve multiple functions 
including acquiring an optical image of the fingerprint and 
to measure human heart beat . In implementations , a sensor 
device processor is used to process one or more optical 
detector signals to extract the heart beat information . This 
sensor device processor may be the same sensor device 
processor that processes the pixel output signals from optical 
sensing pixels or hybrid sensing pixels to extract the fin 
gerprint information . 
[ 0153 ] FIGS . 24A , 24B , 24C and 24D show process flow 
diagrams of an exemplary process 2400 , for performing 
fingerprint sensing by a hybrid fingerprint sensor that incor 
porates optical and capacitive sensors . A method 2400 
formed by a fingerprint sensor device includes detecting , by 
an array of sensor pixel circuitry in the fingerprint sensor 
device , capacitance associated with a touch from a finger 
indicative of a fingerprint scan ( 2402 ) . The method includes 
detecting , by the array of sensor pixel circuitry in the 
fingerprint sensor device , an optical signal associated with 
light reflected from the finger ( 2404 ) . The method includes 
outputting , by the array of sensor pixel circuitry , output 
signals responsive to the detected capacitance and optical 
signal ( 2406 ) . The output signals can be processed to 
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perform fingerprint identification ( 2408 ) . Processing the 
output signals ( 2408 ) can include processing the output 
signals to acquire an optical image of the fingerprint and a 
capacitive image of the fingerprint ( 2410 ) . The acquired 
optical image and capacitive image can be stored as two 
types of registered fingerprint images for comparing scanned 
fingerprints during fingerprint identification ( 2412 ) . Pro 
cessing the output signals ( 2408 ) can include using the 
optical image to recover information on the ridges of the 
fingerprint in the capacitive image ( 2414 ) . The output sig 
nals can be integrated for the array of sensor pixel circuitry 
( 2416 ) . Integrating can include integrating by all of the 
sensor pixel circuitry in the array the output signals in 
parallel . 
[ 0154 ] As mentioned above , in some implementations of 
the optical sensing of fingerprints and other sensing opera 
tions , the optical sensor module may be packaged in a 
discrete device configuration in which the optical sensor 
module is a distinct structure from the display screen and has 
a structural border or demarcation with the display screen , 
e . g . , a button like fingerprint sensor structure in an opening 
of the top glass cover in some mobile phone designs . FIGS . 
25A and 25B illustrate an example of such a design for a 
mobile phone , a tablet or other devices where the optical 
sensor module is outside the display screen assembly 10 as 
a separate structure . The top cover glass layer 50 is fabri 
cated to include an opening or through hole 2510 to accom 
modate for at least the top structure of the optical sensor 
module . This opening or through hole 2510 can be in a 
desirable shape such as a circular shape like a button , a 
rectangular shape such as the elongated rectangular shape 
shown in FIG . 25A , or other suitable shapes . 
[ 0155 ] The optical sensor module is shown in a cross 
sectional view along line BB ' in FIG . 25A in FIG . 25B . 
Disposed above the optical detector array 23 are receiving 
optics 24 ( e . g . , optical lenses or optical collimators ) , an 
optical transparent layer or space 31 above the optics 24 and 
the top optical transparent layer 2520 that forms an optical 
input interface for fingerprint sensing and other optical 
sensing . A back board 25 with integrated circuitry is dis 
posed below the detector array 23 . In some implementations , 
the detector array 23 can be integrated into the backboard 
25 . The backboard 25 can be disposed over a flexible printed 
circuit ( FPC ) 27 . 
[ 0156 ] Referring to FIG . 25A , the detector array 23 
includes multiple detector elements arranged in different 
detector zones including a fingerprint detector zone 33 
located in the central area of the detector array 23 for 
fingerprint and fingerprint property detection and one or 
more additional detector zones 41 and 43 for other optical 
sensing functions , where the additional detector zones 41 
and 43 , as illustrated in FIG . 1C , may be environment and 
blood flow detector zones 41 and 43 for environment and 
blood flow speed detection . In addition , reference numbers 
37 and 39 represent optical illumination zones to produce 
desired illumination for the additional optical sensing , e . g . , 
emitting red light or light of a desired spectral range to 
illuminate a user ' s finger for sensing blood flow speed or 
glucose level . 
[ 0157 ] The disclosed technology can be applied to imple 
ment the fingerprint sensor in smartphones , tablets , laptops , 
portable game machines , portable controllers , and other 
electronic devices that uses secure access . In a device based 
on the disclosed technology , a control circuit , which may 

include a control processor , can be used to provide the 
control operations disclosed , e . g . , the modulation of the 
illumination light in optical fingerprint sensing and other 
control functions and operations . 
10158 ] While this patent document contains many specif 
ics , these should not be construed as limitations on the scope 
of any invention or of what may be claimed , but rather as 
descriptions of features that may be specific to particular 
embodiments of particular inventions . Certain features that 
are described in this patent document in the context of 
separate embodiments can also be implemented in combi 
nation in a single embodiment . Conversely , various features 
that are described in the context of a single embodiment can 
also be implemented in multiple embodiments separately or 
in any suitable subcombination . Moreover , although features 
may be described above as acting in certain combinations 
and even initially claimed as such , one or more features from 
a claimed combination can in some cases be excised from 
the combination , and the claimed combination may be 
directed to a subcombination or variation of a sub combi 
nation . 
[ 0159 ] Similarly , while operations are depicted in the 
drawings in a particular order , this should not be understood 
as requiring that such operations be performed in the par 
ticular order shown or in sequential order , or that all illus 
trated operations be performed , to achieve desirable results . 
Moreover , the separation of various system components in 
the embodiments described in this patent document should 
not be understood as requiring such separation in all 
embodiments . 
( 0160 ] Only a few implementations and examples are 
described and other implementations , enhancements and 
variations can be made based on what is described and 
illustrated in this patent document . 
What is claimed is : 
1 . An electronic device with touching sensing and finger 

print sensing capabilities , comprising : 
a touch screen that provides touch sensing operations ; 
a top transparent layer formed over the touch screen as an 

interface being touched by a user for the touch sensing 
operations ; and 

an optical sensor module located below the touch screen 
to receive light that is returned from the top transparent 
layer and transmits through the touch screen , the opti 
cal sensor module including an optical detector array of 
photodetectors positioned to receive at least a portion 
of the returned light to detect a fingerprint . 

2 . The electronic device as in claim 1 , wherein : 
the optical sensor module includes an array of optical 

collimators located between the touch screen and the 
optical detector array to direct the received portion of 
the returned light to the photodetectors through the 
optical collimators . 

3 . The electronic device as in claim 2 , wherein : 
the optical collimators include optical fibers . 
4 . The electronic device as in claim 2 , wherein : 
the optical collimators include a layer and an array of 

holes through the layer . 
5 . The electronic device as in claim 1 , wherein : 
the touch screen includes display pixels that produce light 

for displaying images and for illuminating a user ' s 
finger in touch with the top transparent layer to produce 
the returned light . 
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6 . The electronic device as in claim 5 , further comprising : 
one or more illumination light sources that are separate 

from the display pixels of the touch screen and produce 
illumination light for illuminating a user ' s finger in 
touch with the top transparent layer to produce the 
returned light . 

7 . The electronic device as in claim 1 , wherein : 
the touch screen includes a fingerprint sensing zone for a 

user to touch for fingerprint sensing to generate the 
returned light received by the optical detector array for 
detecting a fingerprint ; a first optical sensing zone and 
a second optical sensing zone ; 

the optical module includes ( 1 ) a first additional optical 
detector located on a first side of the optical detector 
array to receive a portion of the returned light from the 
first optical sensing zone , and ( 2 ) a second additional 
optical detector located on a second opposite side of the 
optical detector array to receive a portion of the 
returned light from the second optical sensing zone , 

wherein the first and second additional optical detectors 
produce detector signals indicating whether the 
returned light is reflected from a finger of a live person . 

8 . The electronic device as in claim 7 , wherein : 
the first and second additional optical detectors produce 

detector signals indicating a heartbeat of a live person . 
9 . The electronic device as in claim 7 , wherein : 
the first and second additional optical detectors produce 

detector signals indicating a blood flow speed of a live 
person . 

10 . The electronic device as in claim 7 , wherein : 
the optical sensor module includes an array of optical 

collimators located between the touch screen and the 
optical detector array to direct the received portion of 
the returned light to the photodetectors through the 
optical collimators . 

11 . The electronic device as in claim 1 , wherein : 
the touch screen includes display pixels that produce light 

for displaying images and for illuminating a user ' s 
finger in touch with the top transparent layer to produce 
the returned light ; and 

the touch screen includes a fingerprint sensing zone for a 
user to touch for fingerprint sensing to receive illumi 
nation light from one or more display pixels that are 
located to generate illumination light to the fingerprint 
sensing zone in a way that the illumination light 
undergoes total optical reflection at a top surface of the 
top transparent layer to direct the totally reflected light 
to the optical detector array for detecting a fingerprint . 

12 . The electronic device as in claim 1 , comprising : 
a control that controls illumination light in fingerprint 

sensing by the optical sensor module . 
13 . The electronic device as in claim 12 , wherein the 

control modulates the illumination light in fingerprint send 
ing . 

* * * * * 


