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(57) Abstract: Addressing an emissive display having pixels
arranged into rows and columns. A first clock signal is received at
an address select input of a first row of the display. Data signals are
received at data signal inputs of the first row of the display, each of
the received data signals corresponding to a column of the display.
‘When the first clock signal is active at the address select input, the da-
ta signals are output to corresponding drivers of light emitting semi-
conductors of the first row and via corresponding data signal outputs
of the first row. The data signals are received from the data signal
outputs of the first row at a first row of shift registers. A second clock
signal is received at the first row of shift registers. When the second
clock signal is active, the data signals are output from the first row
of shift registers.
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ADDRESSING FOR EMISSIVE DISPLAYS

BACKGROUND
(0001} Technical Field

[0002] The present disclosure generally relates to addressing for emissive displays
and, in particular, an addressing system a light emitling semiconductor display having
an architecture which improves the interconnect density of circuits by using on-panel

image shifting techniques.
[0003] Description of the Related Art

[0004] Current addressing systems for LED technology typically presuppose the
requirement {0 show arbitrary or nearly arbitrary natural images on the display. This
requires a high level of addressability for the pixels in a display system and,

consequently, circuitry and interconnects configured to generate an arbitrary pattern.

[0005]  In one family of conventional technigues, referred to as total malrix addressing
(TMA}, passive malrix addressing is used together with a decompaosition of the image
into a set of mathematically determined bases that allow for the drive of multiple
selection lines per driven column while forming pixel elements. This decomposition
aliows for a decrease in the drive voltage and the potential for a higher duly cycle in
LED emission, which can improve the lifetime for a given luminance. Because the
inverse function used in TMA is not necessarily conservative, the images formed by
TMA are not necessarily exact replicas of the drive image. The decomposition leads to
some low pass filtering, which softens line edges and can lead to smearing or blurring of
the images intended for generation. The lack of an exact representation of the source
data can be problematic. Furthermore, the TMA approach is not directly applicable {o
active matrix systems, which do not offer the same drive structure as passive matrix

devices.

[0008] In the conventional approach described in Smith (Journal of the Society for
information Display, 16/2, 2008), a system is proposed which uses multiple lines

H

addressed in an active matrix configuration and which uses the same basis sets as in
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image compression. This approach aliows for compressed images to be sent directly to
the display, and the decomposition of the compressed image using the basis set forms
a decompressed version of the image on the screen. In a similar active addressing
approach proposed for liquid crystal displays, Sadi et al. (U.5. Patent No. 5,475 397)
allows image decompression on the fly while in operation (see also, Orlen et al, U.S.
Patent No. 5,654,734). In the case of LCD, the drive voltage can be reduced, reducing
the energy loss associated with capacitive charging and discharging. As with total
matrix addressing, the decompaosition and inverse function when applied to emissive
displays does not reconstruct arbitrary images perfectly. The approach leads {o some
low pass fillering, which softens line edges and can lead {0 smearing or blurring of the

images intended for generation.

[0007] In Jepsenetal (U.B. Patent No. 9,557 ,954), a system is described in which
addressing is simplified in a large display by the creation of sub-panels in the larger
display, which due to their smaller size have a reduced overhead for the creation of
interconnect and reduced demand for the inferconnect typically required for addressing.
However, this approach does not change the on-panel drive waveforms required for
operation or the overall data bandwidth that needs o be supplied {o the aggregate

display system.

BRIEF SUMMARY

[0008] A method of for addressing an emissive display having a plurality of pixels
arranged into rows and columns may be summarized as including receiving a first clock
signal at an address select input of a first row of the display,; receiving data signals at
data signal inputs of the first row of the display, each of the received data signals
corresponding to a column of the display; outputling, when the first clock signal is active
at the address select input, the data signals to corresponding drivers of light emitting
semiconductors of the first row and via corresponding data signal ocutputs of the first
row; receiving the data signais from the data signal cutputs of the first row at a first row
of shift registers; receiving a second clock signal at the first row of shift registers;

outputling, when the second clock signal is active, the data signals from the first row of
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shift regisiers; and receiving the data signals output at corresponding drivers of light

emitting semiconductors of a second row of the display.

[0009] The method may further include receiving the data signals at one or more non-
display buffer rows, each comprising a plurality of shift registers. The method may
further include receiving the data signals ouiput from the first row of shift registers at a
second row of shift regisiers; receiving a third clock signal at the second row of shift
regisiers; and outputting, when the third clock signal is aclive, the data signals from the
second row of shift registers. The method may further include applying a mathematical
function 1o the data signals prior to the receiving of the data signals al the second row of
shift registers. The method may further include oulputling, to external circuitry, the data

signals prior to the receiving of the data signals at the second row of shift registers.

[0010] The method may further include activating a first clock signal communicatively
coupled to the address select input; sending the data signals to the dala signal inputs
while the first clock signal is active; deactivating the first clock signal; activating a first
enable signal communicatively coupled 1o the first row of shifi registers to siore data
from the data signals in the first row of shift registers; and deactivating the first enable

signal.

[0011] The method may further include activating the second clock signal
communicatively coupled o the first row of shift registers to output the data signals from
the first row of shift registers; deactivating the second clock signal; activating a second
enable signal communicatively coupled to the second row of shift registers {o store the
data from the data signals in the second row of shift registers; and deactivating the

second enable signal.

[0012] A system for addressing an emissive display having a plurality of pixels
arranged into rows and columns may be summarized as including a first row of pixels
inciuding a plurality of drivers, each driver having a corresponding light emitting
semiconductor, the first row being communicatively coupled o receive a first clock
signal at an address select input and o receive data signals at data signal inputs, each
of the received data signals corresponding to a column of the display, the first row being

further communicatively coupled to output, when the first clock signal is active at the
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address select input, the data signals to corresponding ones of the plurality of drivers
and to output the data signals via corresponding data signal outputs of the first row; a
first row of shift registers communicatively coupled o receive the data signals from the
data signal outputs of the firsi row and to receive a second clock signal, the first row of
shift registers being further communicatively coupled to cutput the data signals when
the second clock is aclive; and a second row of pixels including a plurality of drivers,
gach driver having a corresponding light emitling semiconductor, the second row being
communicatively coupled 1o receive the data signals output from the first row of shift
regisiers at corresponding ones of the plurality of drivers of light emitting

semiconductors of the second row of the display.

[0013] The system may further include one or more non-display buffer rows
communicatively coupled 1o receive the data signals, each of the non-display buffer
rows comprising a plurality of shift regisiers. The system may further include a second
row of shifi registers communicatively coupled 10 receive the datla signals output from
the first row of shift registers; {o receive a third clock signal; and to output, when the

third clock signal is aclive, the data signals from the second row of shift registers.

(0014} An addressing system for an emissive display having a plurality of pixels
arranged info rows and columns may be summarized as including a first thin film
transistor {TFT) communicatively coupled to receive a first clock signal at an address
select input at a gate of the first TFT and a data signal input at a drain of the first TFT,
wherein when the first clock signal is aclive at the gate of the first TFT, the dala signal is
passed from the drain of the first TFT to the source of the first TFT, a second TFT
communicatively coupled {o receive the data signal from the source of the first TFT at 2
gate of the second TFT, the second TFT driving a first light emitling semiconductor, in a
first row of the display, connecled to a drain of the second TFT, a first shift register
comprising at least a third TFT, the first shift register being communicatively coupled o
receive the data signal from the source of the first TFT, the first shift register receiving a
second clock signal, wherein when the second clock signal is active, the data signal is
output by the first shift register; and a fourth TFT communicatively coupled {o receive
the data signal output by the first shift register at a gate of the fourth TFT, the fourth TFT
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driving a second light emitting semiconductor, in 8 second row of the display, connected
tc a drain of the fourth TFT.

[0015] The system may further include a second shift register comprising at least a
fifth TFT, the second shift register being communicatively coupled to receive the data
signal from the first shift register, the second shift register receiving a third clock signal,
wherein when the third clock signal is aclive, the data signal is cutput by the second
shift register; and a sixth TFT communicatively coupled to receive the data signal output
by the second shift register at a gate of the sixth TFT, the sixth TFT driving a third light
emitting semiconductor, in a third row of the display, conneclted to a drain of the sixth
TFT.

[0016] The first shift register may include a laich in which the third TFT is
communicatively coupled 1o receive the data signal from the source ofthe first TFT at a
drain of the third TFT, the third TFT is communicatively coupled to receive the second
clock signal at a gaie of the third TFT, and when the second clock signal is active, the
data signal received at the drain of the third TFT is oufput at the source of the third TFT
and output by the first shift register.

(0017} The first shift register may include a first stage in which the received data signal
is input to a source of the third TFT, the data signal is output at a drain of the third TFT
to a gate of a seventh TFT when a first enable signal is active at the gate of the third
TFT, the gate of the third TFT is connected to a gate of an eighth TFT, and a drain of
the seventh TFT and a source of the eighth TFT are connected and ouiput the datla
signal from the first stage of the first shift register. The first shift register may further
inciude a second stage, in which the data signal received from the first stage of the first
shift register is input to a source of a ninth TFT, the data signal is output af a drain of the
ninth TFT when the second clock signal is active at a gate of the ninth TFT, the data
signal output by the ninth TFT is input (o the gate of a tenth TFT, and a drain of the
tenth TFT and a source of an eleventh TFT are connected and oculput the data signal

from the first shift register.

[0018] The system may further include at least one processor, and at least one

non-transitory processor-readable storage medium communicatively coupled to the at
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least one processor and which stores at least one of processor-executable instructions
or data that, when executed by the at least one processor, cause the at least one
processor to: aclivate a first clock signal communicatively coupled to the address select
input; send the data signal to the data signal input while the first clock signal is active;
deactivate the first clock signal; aclivate a first enable signal communicatively coupled
to the first shif register {o store the data signal in the first shift register; and deactivate

the first enable signal.

[0018] The at least one non-transitory processor-readable storage medium may further
store at least one of processor-executable instructions or data that, when executed by
the at least one processor, cause the at least one processor to: activate the second
clock signal communicatively coupled to the first shift register to output the data signal
from the first shift register; deactivale the second clock signal; activale a second enable
signal communicatively coupied to the second shift register {o store the data signal in

the second shift register; and deactivate the second enable signal.

(00201 A method for addrassing an emissive display having a plurality of pixels
arranged into rows and columns may be summarized as including receiving a first clock
signal at an address select input at a gale of afirst thin film transistor (TFT) and a data
signal input at a drain of the first TFT, wherein when the first clock signal is active at the
gate of the first TFT, the data signal is passed from the drain of the first TFT to the
source of the first TFT, receiving the data signal from the source of the first TFT at a
gate of a second TFT, the second TFT driving a first light emitting semiconductor, in a
first row of the display, connecled {o a drain of the second TFT, receiving the data
signal from the source of the first TFT at & first shift register comprising at least a third
TFT, the first shift register receiving a second clock signal, wherein when the second
clock signal is active, the data signal is oulput by the first shift register, and receiving the
data signal output by the first shift register at g gate of a fourth TF T, the fourth TFT
driving a second light emitting semiconductor, in a second row of the display, connecied
to & drain of the fourth TFT.

(0021} The method may further include receiving the data signal from the first shift

regisier al a second shift register comprising at least a fifth TFT, the second shift
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regisier receiving a third clock signal, wherein when the third clock signal is active, the
data signal is output by the second shift register; and receiving the data signal ouiput by
the second shift register at a gate of a sixth TFT, the sixth TFT driving a third light
emitting semiconductor, in a third row of the display, connected to a drain of the sixth
TFT.

[0022] The method may further include activating a first clock signal communicatively
coupled to the address select input; sending the data signal to the data signal input
while the first clock signal is active; deactivating the first clock signal; activating a first
enable signal communicatively coupled 1o the first shift register {0 store data from the

data signal in the first shift register; and deaciivating the first enable signal.

[0023] The method may further include activating the second clock signal
communicatively coupled 1o the first shift register {o cutput the data signal from the first
shift regisier; deactivating the second clock signal; activating a second enable signal
communicatively coupled 1o the second shift register 10 store the data from the data

signal in the second shift register; and deactivating the second enabile signal.

[0024] The method may further include inputting the received data signal {0 a source
of the third TFT, in a first stage of the first shift register; and outputiing the data signal at
a drain of the third TFT to a gate of a seventh TFT when the first enable signal is active
at the gate of the third TFT, the gate of the third TFT being connected {0 a gate of an
eighth TFT, wherein a drain of the seventh TFT and a source of the eighth TFT are

connected and output the data signal from the first stage of the first shift register.

[0025] The method may further include inputting the data signal received from the first
stage of the first shift register {0 a source of a ninth TFT, in a second stage of the first
shift register; and ouiputting the data signal at a drain of the ninth TFT when the second
clock signal is active at a gate of the ninth TFT, the data signal output by the ninth TFT
being input to the gate of a tenth TFT, wherein a drain of the tenth TFT and a source of

an eleventh TFT are connected and output the data signal from the first shift register.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0028] In the drawings, identical reference numbers identify similar elemenis or acls.
The sizes and relative positions of elements in the drawings are not necessarily drawn
to scale. For example, the shapes of various elements and angles are not necessarily
drawn to scale, and some of these elements may be arbitrarily enlarged and positioned
to improve drawing legibility. Further, the particular shapes of the elements as drawn,
are not necessarily intended to convey any information regarding the actual shape of
the particular elements, and may have been solely selected for ease of recognition in

the drawings.

[0027] Fig. 1is a flow diagram showing signal transfer in a display addressing system

of a light emitting semiconductor display panel.

[0028] Fig. 2is a diagram of a thin film transistor {TFT) circuit for latching and shift
copying signals from a row {0 a subsequent row, according to one illustrated

impiementation.

[0028] Fig. 3is adiagram of a TFT shift register circuit, according to one illustrated

impiementation.

[0030] Fig. 4 is a diagram of a row-shift pixel circuit using TFT shift registers, as shown

in Fig 3, according o one illustrated implementation.

[0031] Fig. 5 is a diagram showing the signal enable and clock for advancing data
from a row {0 a subseguent row, according to one illustrated implementation.

DETAILED DESCRIPTION

[0032] In the following description, certain specific details are set forth in order to
provide a thorough understanding of various disclosed implementations. However, one
skilled in the relevant art will recognize that implementations may be practiced without
one or more of these specific details, or with other methods, components, materials, etc.
in other instances, certain structures associated with light emitting diodes (LEDs), drive
circuiis, integrated circuits and fabrication equipment have not been shown or described

in detail o avoid unnecessarily cbscuring descriptions of the implementations.
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[0033] Unless the context requires otherwise, throughout the specification and claims
that follow, the word “comprise” and variations thereof, such as, “comprises” and
‘comprising” are to be construed in an open, inclusive sense, that is as “including, but

not limited 0.7

[0034] Reference throughout this specification to "one implementation” or "an
implementation” means that a particular feature, structure or characteristic described in
connection with the implementation is included in at least one implementation. Thus, the
appearances of the phrases "in one implementation” or "in an implementation” in
various places throughout this specification are not necessarily all referring o the same
implementation. Furthermore, the particular features, structures, or characteristics may

be combined in any suitable manner in one or more implementations

[0035] Reference throughout this specification o “one implementation” or “an
implementation” or “‘one embodiment” or “an embodiment” means that a particular
feature, structure or characteristic described in connection with the embodiment is
inciuded in ai least one implementation or at least one embodiment. Thus, the
appearances of the phrases “one implementation” or “an implementation” or “in one
embaodiment” or “in an embodiment” in various places throughout this specification are
not necessarily all referring to the same implementation or the same embaodiment.
Furthermaore, the particular features, structures, or characteristics may be combined in

any suitable manner in one or more implementations or in one or more embodiments

[0036] . As used in this specification and the appended claims, the singular forms "a"
"an," and "the" include plural referents uniess the context clearly dictates otherwise. it
should also be noted that the term "or" is generally employed in iis sense inciuding

"and/or” unless the context clearly diclates otherwise,

(00371 The headings and Abstract of the Disclosure provided herein are for
convenience only and do not interpret the scope or meaning of the implementations or
embodiments.

[0038] Described herein is addressing system for an emissive display, such as a light
emitting semiconductor display, which allows for the simplification of the elecironics

used in an image generation element in which the display is projecting images which

9
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can, at least partially, be derived from previous images presenied on the display. The
use of on-panel image shifting and derivative image formation reduces the need for the
interconnect associated with arbitrary image formation and can both simplify the
addressing and accelerate the movement of data into and out of displays used for non-
arbitrary image generation. In displays in which repeating or fixed patierns are
projected, for example, such addressing can be used to track the movemeni of a
sampie or a sample stage, and the display electronics can use an integral shift-register
or image copier approach 1o reduce the bandwidth of interconnect and the circuit area
devoted to arbitrary image construction. The architecture of the embodiments
described herein will allow for the creation of higher performance and lower energy

image generation systems for non-arbitrary image formation.

[0038] Described herein is display addressing circuitry for non-arbitrary image patterns
in which the display image can be formed using information from previous images
displayed. By use of on-panel memory and shift elements on the display panel at the
pixel and row level, a significant simplification in interconnect and increase in bandwidth
can be achieved. This disclosed embodiments are applicable to a number of display
applications that integrate high intensity light generation elements for non-arbitrary

patterns of use in a range of applications.

00401 Described herein are implementations of an emissive display in which a fraction
of the pixels are arbitrarily addressed, and the image from this fraction of the pixels is
used to derive a signal for the remaining pixels. In implementations, the derived image
is formed by translating the signal from the fraction of the pixels to neighboring pixel
areas. In implementations, the translation can occur in more than one direction using
muitiple clock signails. A strobe signai may be used to aclivate the display for a fraction
of the frame time. A reset signal may set the pixels in a region 1o a pre-determined
state. The architecture described herein may be used in conjunction with various types
of emissive displays, such as, for example, CLED, LED, micro-LED, plasma, and field

emission displays.

[0041] In disclosed embodiments, the interconnect and drive used in a display are

simplified by copying some of the data internally using a data shift/fcopy control. This

10
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copied data could be a clong, i.e., a modified composite image based on information
previously written {o the display. Additionally, the output of the display may be strobed
by an additional local or global enable function, thereby limiting the time pericd in which

the light output is active for the dispiay.

[0042] The signal written to and transiated in the display can be an analog or digital
signal, depending on the drive architecture. Variations in emitted light intensity can also
be achieved by driving the LED for a shorter period of time (e.g. by adjusting the
duration of the enabling strobe). Operation in such a pulse width modulation (PWM)
mode can improve efficiency by operating the LED at the current driving point of

maximum efficiency.

(0043} Fig. 1is a flow diagram showing signal transfer in a display addressing system
100 of a light emitling semiconductor dispiay panel from one row to the rest of the rows
of the display panel. The display panel of the disciosed embodiments allows for dala

loading in a limited number of rows (g.g., the first row). Upon clocking, the image data is

copied from the data loading rows to other areas in the display.

[0044] This architecture allows for a reduced number of lines loading data and bringing
addressing in from the sending signais into the display panel matrix. In implementations,
the shift architecture can be structured, for example, in a 2-row architeciure, which
would halve the number of globally addressable lines. More generally, an n-row
architecture can be implemented, thereby reducing the number of globally addressable
lines by n. in embodiments, one line can be used to read in the signais for the whole

display.

(00451 In the implementation depicted in Fig. 1, three rows of data are loaded into the
display array using a single select line, i.e., a select line directed {o the first row {row )
of the display array. In a first subframe 110, data (data 00, data 01, data 02, data 03. ..
data n} for the first frame {frame 0} is loaded onto a first line (row 0) of the display array.
in a second subframe 120, after a line advance signal {&.g., one or more clock signals)
is received, the data from the first line {row 0} is copied {0 a second line {row 1) of the
display. This is followed by data (data 00, data 01, data 02, data 03... data n) for the

second frame (frame 1) being loaded onio the first line {row 0) of the dispiay array. This

11
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resulis in the second subframe 120 having the data for the first frame (frame 0) in the
second row (row 1) of the subframe and the data for the second frame {frame 1) in the

first row {row 0) of the subframe.

[0046] In a third subframe 130, after a line advance (e.g., one or more clock signals) is
received, the daia from the second line (row 1) is copied to a third line (row 2), and the
data from the first line (row 0) is copied {o the second line (row 1). This is followed by
data (data 00, data 01, data 02, data 03... data n) for the third frame (frame 2) being
loaded onto the first line {row 0) of the display array. This results in the third subframe
130 having the data for the first frame (frame 0) in the third row (row 2) of the subframe,
the data for the second frame (frame 1) in the second row (row 1) of the subframe, and

the data for the third frame (frame 2) in the first row (row 0} of the subframe.

[0047] The architecture of the disclosed embodiments allows for reduced bonding
area, hecause with fewer addressing lines and more shared clock lines, the display can
have a significantly fewer number of extermally-connected signal and data lines. This, in
turn, reduces the fraction of the panel which is devoled to passing signals into the
system. Furthermore, with fewer long data lines, a reduction in interconnect cross-
overs, and a reduction in the capacitive transistor drive on each data line, there can be
a significant reduction in the parasitic capacitance and series resistance associaled with
each data line. A reduction in these parasitic properties increases the speed of
addressing and reduces the power consumption associated with the charge/discharge
of each signal line during each subframe. In addition, the signal fransfer between rows
occurs over short lines with limited exposure to parasitic elements. This allows for the
row-copy operation {0 occur at a significantly higher speed than would be possiblein a

global addressing architecture.

[0048] Rolling addressing of the display, as described above, allows for the duplication
of the signal in many applications, particularly inspection or exposure applications in
which the samples are transiated. This aliows for each target pixel area {o be
addressed by a significant number of pixels in the display engine unit. Therefore, dead
pixels and non-uniform irtensity and efficiency are averaged out by the exposure of

these areas to mulliple lines of the display. The architecture of the disclosed

12
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embodiments thus provides improvement of uniformily and resistance to dead/fhigh/low

pixels.

[0049] The architecture of the disclosed embodiments allows for a more flexible
implementation of a giobal or local strobe activation, thereby providing greater control
over exposure time. For example, the architecture aliows implementation of a global
flash function that is uniform across the display. The architecture also allows for
blanking of the display during the update time, thereby eliminating the rolling update that
might otherwise be seen during data update or addressing. The use of a short strobe
may also be useful in non-display light emitiers, such as for gated measurement of

fluorescence in which the target is iluminated with the display element.

(0050} In addition to the shift clock signal and local or gichal strobe activation signal
discussed above, implementations of a display can incorporale a global or regional
‘reset” signal which sets the setling on each pixel {0 a uniform, pre-determined value
(e.g., off, full intensily, etc.). Such a signal can be used io place the display into a
predictable state at the beginning of its operation, to implement additional functions
(e.g., use of the display unit as a flood lamp), and to allow for a variable number of
copied lines in the disclosed image shift architecture by, for example, zeroing the image

after a variable number of line copies have been performed.

(00511 Inimplementations, a fransiated (i.e., copied) signal may be different from the
previously written signal. t may be favorable, for example, to implement a digital or
analog funclion based on the previous signal pattern to the signal of the next frame.
Such a pattern can be used, for example, {0 avoid over-exposing an area of the
substrate or to form predictable patterns without the need for explicitly addressing the

glements in each frame.

(00521 Inimplementations, a non-display row or rows may be inserted as part of the
data matrix. A first row, for example, can be inserted which has shif registers but doss
not include display drive elements. Such a row can be used to set up the data flow,
without display elements showing a pattern during data loading. Such buffer rows can
also be inserted internally to the matrix {o provide a shift or clock delay or to transiate

the signal on clock actuation. Embodiments may include an array of ouiputs from the
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display to transmit the processed signal from some point in the matrix {o external
circuitry. For example, in cases in which the signal is processed on the panel, such a
signal can contain useful information for analysis or transmission to other display

alements connected in series.

[0083] Fig. 2is a diagram of a thin film transistor {TFT) circuit 200 for latching and shift
copying signals from a row of the display to a subsequent row. In the example depicted,
the TFTs are n-type (NTFT), but p-type TFTs could be used, as well as other types of
semiconductor devices. The storage and duplication of the signal is achieved using
controlled clock signals, which carry data from the first row o subsequent rows.
Depending on the number of rows thal are being copied, the number of data line
connections can be substantially reduced. As discussed in further detail below, the data
signal is passed from the source of 8 TFT of one row {o the drainof a TFT of the
subseqguent row. A clock signal serves as the address signal for the subsequent row.
This operation is repeated mulliple times. Therefore, no address line conneclion is
needed for the rows info which data is copied. The number of rows receiving copied
data may be determined by factors such as the bias voltage of the data signal and the
TFT holding time.

[0054] In the depicted embodiment, a first TFT 210, in a first row 220 of the display,
receives an address select signail at ils gale 212 and receives a data signal at its drain
213. In embaodiments, the address select signal may be a clock signal {e.g., Clock_0)
(see Fig. 4). When the address signal is active, L.e., when it goes high {(or low, in some
implementations), the data is passed from the drain 213 {o the source 214 of the first
TFT 210. The output from the source 214 of the first TFT 210 is connecied to the gate
232 of a second TFT 230 which drives an LED 235 connecied o its drain 233.

[0055] The oulput from the source 214 of the first TFT 210 is aiso connected to the
drain 243 of a third TFT 240 in a second row 250 of the display. The third TFT 240
receives a clock signal at its gale 242 and serves g latch which controls the flow of data
to subsequent rows of the display. In embodiments, the clock signal may be one of a set
of muttiple clock signals (e.g., Clock_1) (see Fig. 4). In embodiments, the latch may

inciude more than a single TFT, i.e., the latch may be a circuit formed of TFTs and other
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components. For example, in implementations depicted in Figs. 3 and 4, the iatch takes
the form of a two-stage shift register. The latch may be referred {0 as a “shift register,”
gven in implementations in which the latch is formed of a single TFT. When the clock
signal is active, the data received from the first row 220 at the drain 243 of the third TFT
240 is output by the source 244 of the third TFT 240. The oulput from the source 244 of
the third TFT 240 is connected to the gate 262 of a fourth TFT 260 which drives an LED
245 connected to its drain 263. The output from the source 244 of the third TFT 240 is
also connecled to the drain of an TFT of a subseguent row {not shown) in

impiementations in which there is a third row.

[0056] Fig. 3is a diagram of an TFT shift register circuit 300, which is used to transfer
data signals {0 a subsequent row in a manner similar to the latch discussed above. In
embodiments, an input voltage Vi, is connected to a pixel data line (i.e., a pixelin a
particular row) which is {o be transferred/copied. An output voltage, Vow, is connected to
the data line of the nexi pixel, i.e., a pixel in the subsequent row. In implementations,
the clock signals used are simpler than those of a shift register-less scheme. Also, in
such an arrangement, the pixel data signal retention is robust because the oulput of the

shift register is digital.

[00567] The input voltage, Vi, is received from a row of the display. The output voitage,
Vo, 18 output to a subsequent row of the display based on the operation of first and
second clock signals, clock-7 and clock-2. The first stage 305 of the shift register circuit
300 inputs the received signal to the source of a first TFT 310. The signal is output at
the drain of the first TFT 310 to the gate of a second TFT 320, in accordance with the
first clock signal (clock-7) input o the gate of the first TFT 310. The first clock signal,
thus, controls the receipt of the data signal into the shift register circuit 300 and may be
referred to as an enable signal (e.¢g., Enable_0) (see Fig. 4). The gate of the first TFT
310, and hence the first clock signal {clock-T), are connected o the gate of a third TFT
330. The drain of the second TFT 320 and the source of the third TFT 330 are
connected and output the signal to the second stage 335 of the shift register circuit 300,
This arrangement, in effect, stores the data obtained from the data signal in digital form
in the first stage 305% of the shift register circuit 300.
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[0058] In the second stage 335, the signal is input to the source of a fourth TFT 340
and is ouiput by the drain of the fourth TFT 340 under the control of a second clock
signal (clock-2) connecied to the gate of the fourth TFT 340. The signal ocutput by the
fourth TFT 340 is input to the gate of a fifth TFT 350. The drain of the fifth TFT 380 is
connected to the source of a sixth TFT 360 (the gaie of which is connected to its drain)

and this junction outputs the signal from the shift register as an output voltage, Vo

[0089] Fig. 4 is a diagram of a row-shift pixel circuit 400 using TFT shift registers, e.qg.,
as shown in Fig 3. The depicted implementation i3 g 4-row shifting arrangement.
However, any number of rows may be implemented, depending on practical
considerations. As in embodiments discussed above, there are data signals and an
address signal (i.e., select signal) for every row. In this implemeniation, as discussed in
further detail below, the select lines of the relayed (i.e., shifted) rows are connected to
separated clock signals. This arrangement allows the clock rate 1o be controlled to
maich the reguired frame refresh rate while adding image oading flexibility and

reducing the number of connections.

[0060] In the example shown in Fig. 4, afirst TFT 405, in a first row of the display,
receives an address select signal at its gate 407 in the form of a clock signal (Clock_0)
and receives a data signal (VData) at its drain 408, When the address signal is active at
the gate 407, the data is passed from the drain 408 {0 the source 4008 of the first TFT
405, The output from the source 409 of the first TFT 405 is connected {o the gate of a
second TFT 410 which drives an LED 415 connected {0 its drain. The output from the
source 409 of the first TFT 405 is aiso connected o the input of a first shift register 420,
The first shift register 420 passes pixel data from the first row of the display (o a
subsequent row under the control of clock signals which, in the depicted
impiementation, are in the form of an enable signal (e.q., Enable_0) and a clock signal
{(g.g., Clock_1).

[0081] The oulput of the first shift register 420 is connected o the gate of a third TFT
425 in a second row of the display. The third TFT 428 drives an LED 430 connected to
its drain. The oulput of the first shift register 420 is also connected to the input of the

second shift register 435. The second shift register 435 passes pixel data from the
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second row of the display to a subseguent row under the control of an enable signal

(e.g., Enable_1) and a clock signal (e.g., Clock_2).

[0062] The outpui of the second shift register 435 is connecled to the gate of a fourth
TFT 440 in a third row of the display. The fourth TFT 440 drives an LED 445 connecled
to its drain. The output of the second shift register 435 is also connected to the input of
a third shift register 450. The third shift register 450 passes pixel data from the third row
of the display to a subsequent row under the control of an enable signal (e.q.,
Enable_2) and a clock signal (e.g., Clock_3).

[0063] The outpui of the third shift register 450 is connected to the gale of a fifth TFT
455 in a fourth row of the display. The fifth TFT 455 drives an LED 460 connected to its
drain. The output of the third shift register 450 is also connecied {0 the gate of an TFT in
a subsequent row of the display (not shown) and (o an additional shif register {(not
shown) in implementations having more than four rows. The arrangement may be

repeated, as necessary, (o drive additional rows of the display.

[0064] Fig. 5is a diagram showing the timing of signal enable and clock signals for
advancing data from a row o a subsequent row. In implementations, clocks for enabling
the light output as well as shifting the data from one row to the next can be

independently included.

[0085] When a first clock signal (Clock_0) goes high, display data (VData) is received
and loaded into the first row (row 0) of a display array. The first clock signal {Clock_D)
may correspond {o an address select signal, as discussed above in the embodiments
depicted in Figs. 2 and 4. The first clock signal {Clock_0} remains high as the data
(Datal) for the first row is received and then goes iow. The received data (Datal) is
output both to the LED of the first row {&.¢., Fig. 4, 415) and to the input of the first shift
register (&.g., 420), which is between the first row and the second row. A first enable
signal (Enable_0) goes high {o receive and store the data in the first stage of the first
shift register (e.g., 420). Thus, following the first clock signal (Clock_0) and the first
gnable signal (Enable_0), the data {(Data1l) is stored in the first shift register {(e.q., 420).

[0086] The second clock signal {Clock_1) goes high to pass the data from the first

stage of the first shift register to the second stage and output of the first shift register
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(e.g., 420). This results in the daia being cutput both to the LED of the second row (e.q.,
430) and {o the first stage of the second shift register (e.g., 438), which is between the
second row and the third row. A second enable signal (Enable_1) goes high to receive
the data in the first stage of the second shift register (e.q., 435). Thus, following the
second clock signal (Clock_1) and the second enable signal (Enable_1), the data
(Data1) is stored in the second shift register {e.q., 435).

[0067] The third clock signal (clock _2) goes high to pass the data from the first stage
of the second shift register to the second stage and output of the second shift register
(e.g., 435). This results in the daia being output both to the LED of the third row (e.g.,
445) and 1o the first stage of the third shift register (e.g., 450), which is between the third
row and the fourth row. A third enable signal {(enable_2) goes high {o receive the data in
the first stage of the third shift register (e.g., 450). Thus, following the third clock signal
(clock _2) and the third enable signal (enable_2), the data (Datat) is stored in the third
shift register {(e.qg., 450).

[0068] The fourth clock signal (clock_3} goes high o pass the data from the first stage
of the third shift register to the second stage and ouiput of the third shift register (e.g.,
450). This results in the data being output both o the LED of the fourth row (e.g., 460)
and {o the first stage of the fourth shift register (not shown), which is between the fourth
row and a subsequent row in implementations having more than four rows. A fourth
enable signal (enable_3) goes high to receive the dala in the first stage of the fourth
shift register (not shown). Thus, following the fourth clock signal {(clock _3) and the fourth
enable signal (enable_3), the data (Datal) is stored in the fourth shift register (not
shown). Additional clock signals and enable signals may be used {0 copy data to

subsequent rows of the display in implementations having additional rows.

[0089] In implementations, multiple global clocks can also be used o move the patlern
in more than one direction. For example, a "forward” or a "reverse’ clock can be used {o
move the signal one pixel in each of two drive direclions. As a further example, a lateral
movement clock can be used to move the signal in a diagonal pattern or in a patiern

tracking the arbitrary movement of a sample.
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[0070] The foregoing detailed description has set forth various implementations of the
devices and/or processes via the use of block diagrams, schematics, and examples.
insofar as such block diagrams, schematics, and examples contain one or more
functions andfor operations, it will be understood by those skilled in the art that each
function and/or operation within such block diagrams, flowcharts, or examples can be
implemented, individually and/or collectively, by a wide range of hardware, software,
firmware, or virtually any combination thereof. Those of skill in the art will recognize that
many of the methods or algorithms set out herein may employ additional acts, may omit
some acts, and/or may execute acts in a different order than specified. The various
implementations described above can be combined to provide further implementations.
All of the commonly assigned US patent application publications, US patent
applications, foreign patents, and foreign patent applications referred {0 in this
specification and/or listed in the Application Data Sheet, including but not limited to US
Provisional Patent Application No. 62/783,714, filed December 21, 2018, entitied
‘ADDRESSING FOR EMISSIVE DISPLAYS” are incorporated herein by reference in

their entirety.

(0071} These and other changes can be made o the implementations in light of the
above-detailed description. In general, in the following claims, the terms used should
not be construed to limit the claims {o the specific implementations disclosed in the
specification and the claims, but should be construed to include all possible
impiementations along with the full scope of equivalents to which such claims are

entitled. Accordingly, the claims are not limited by the disclosure.
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WHAT 15 CLAIMED 15!

1. A method for addressing an emissive display having a plurality of pixels
arranged into rows and columns, the method comprising:

receiving a first clock signal at an address select input of a first row of the
display;

receiving data signals at data signal inputs of the first row of the display, each of
the received data signals corresponding to a column of the display;

outputting, when the first clock signal is active at the address select input, the
data signals {o corresponding drivers of light emitling semiconductors of the first row
and via corresponding data signal cutputs of the first row,

receiving the data signals from the data signal outputs of the first row at a first
row of shif registers;

receiving a second clock signal at the first row of shift registers;

outputting, when the second clock signal is active, the data signals from the first
row of shift registers; and

receiving the data signals output at corresponding drivers of light emitting

semiconductors of a second row of the display.

2. The method of claim 1, further comprising receiving the data signals at

one or more non-display buffer rows, each comprising a plurality of shift regisiers.

3. The method of claim 1, further comprising:

receiving the data signals output from the first row of shift registers at a second
row of shif registers;

receiving a third clock signal at the second row of shift registers; and

outputling, when the third clock signal is active, the data signals from the second
row of shift registers.

4, The method of claim 3, further comprising applying a mathematical
function 1o the data signals prior to the receiving of the data signals at the second row of
shift registers.
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5. The method of claim 3, further comprising outputting, to external circuitry,
the data signals prior to the receiving of the data signals at the second row of shift

regisiers.

8. The method of claim 1, further comprising:

activating a first clock signal communicatively coupled to the address select
input;

sending the data signals to the data signal inputs while the first clock signal is
active;

deactivating the first clock signal;

activating a first enable signal communicatively coupled to the first row of shift
regisiers to store data from the data signals in the first row of shift registers; and

deactivaling the first enable signal.

7. The method of claim 6, further comprising:

activating the second clock signal communicatively coupled to the first row of
shift regisiers to output the data signals from the first row of shift registers;

deactivaling the second clock signal;

activating a second enable signal communicatively coupled 1o the second row of
shift registers {o store the data from the data signals in the second row of shift registers;
and

deactivating the second enable signal.

8. A system for addressing an emissive display having a plurality of pixels
arranged into rows and columns, the system comprising:

a first row of pixels including a plurality of drivers, each driver having a
corresponding light emitting semiconductor, the first row being communicatively coupled
to receive a first clock signal at an address select input and o receive data signails at
data signal inputs, each of the received data signals corresponding to a column of the
display, the first row being further communicatively coupled to oulput, when the first

clock signal is active at the address select input, the data signals to corresponding ones
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of the plurality of drivers and to output the data signals via corresponding data signal
outputs of the first row;

a first row of shift registers communicatively coupled to receive the data signals
from the data signal outputs of the first row and to receive a second clock signal, the
first row of shift registers being further communicatively coupled {o output the data
signals when the second clock is active; and

a second row of pixels including a plurality of drivers, each driver having a
corresponding lght emilling semiconductor, the second row being communicatively
coupled to receive the data signails oufput from the first row of shift registers at
corresponding ones of the plurality of drivers of light emitling semiconductors of the

second row of the dispiay.

a. The system of claim 8, further comprising one or more non-display buffer
rows communicatively coupled 1o receive the data signals, each of the non-display

buffer rows comprising a plurality of shift registers.

10, The system of claim 8, further comprising a second row of shift registers
communicatively coupled 1o receive the data signals output from the first row of shift
regisiers; to receive a third clock signal; and to output, when the third clock signal is

active, the data signals from the second row of shift registers.

11, An addressing system for an emissive display having a plurality of pixels
arranged into rows and columns, the system comprising, for each of the columns:

a first thin film transistor (TFT) communicatively coupled to receive a first clock
signal at an address select input at a gate of the first TFT and a data signal input at a
drain of the first TFT, wherein when the first clock signal is aclive at the gate of the first
TFT, the data signal is passed from the drain of the first TFT to the source of the first
TFT,

a second TFT communicatively coupled {o receive the data signal from the
source of the first TFT al a gate of the second TFT, the second TFT driving a first light
emitting semiconductor, in a first row of the display, connected o a drain of the second
TFT,
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a first shift register comprising at least a third TFT, the first shif register being
communicatively coupled {o receive the data signal from the source of the first TFT, the
first shift register receiving a second clock signal, wherein when the second clock signal
is active, the data signal is output by the first shift register; and

a fourth TFT communicatively coupled to receive the data signal ocutput by the
first shift register at a gate of the fourth TFT, the fourth TFT driving a second light
emitting semiconductor, in a second row of the display, connecled o a drain of the
fourth TFT.

12.  The system of claim 11, further comprising:

a second shift register comprising at least g fifth TFT, the second shifi register
being communicatively coupled o receive the data signal from the first shift register, the
second shift register receiving a third clock signal, wherein when the third clock signal is
active, the daia signal is oulput by the second shift register; and

a sixth TFT communicatively coupled to receive the data signal output by the
second shift register at a gate of the sixth TFT, the sixth TFT driving a third light emitting

semiconductor, in a third row of the display, connected to a drain of the sixih TFT.

13.  The system of claim 11, wherein the first shift register comprises a latch in
which the third TFT is communicatively coupled {o receive the data signal from the
source of the first TFT at a drain of the third TFT, the third TFT is communicatively
coupled {o receive the second clock signal at a gate of the third TFT, and when the
gsecond clock signal is active, the data signal received at the drain of the third TFT is

output at the source of the third TFT and output by the first shift register.

14, The system of claim 11, wherein the first shift register comprises a first
stage in which the received data signal is input to a source of the third TFT, the data
signal is output at a drain of the third TFT {0 a gale of a seventh TFT when a first enable
signal is active at the gate of the third TFT, the gate of the third TFT is connecled to a
gate of an eighth TFT,; and a drain of the seventh TFT and a source of the eighth TFT

are connected and oulput the data signal from the first stage of the first shift register.
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15,  The system of claim 14, wherein the first shift register further comprises a
second stage, in which the data signal received from the first stage of the first shift
regisier is input to a source of a ninth TFT, the data signal is output at a drain of the
ninth TFT when the second clock signal is active at a gaie of the ninth TFT, the data
signal output by the ninth TFT is input to the gate of a tenth TFT, and a drain of the
tenth TFT and a source of an eleventh TFT are connecied and cuiput the data signal

from the first shift register.

16.  The system of claim 11, further comprising at least one processor; and at
least one non-transitory processor-readable storage medium communicatively coupled
to the at least one processor and which stores at least one of processor-executable
instructions or data that, when executed by the at least one processor, cause the at
least one processor to:

activate a first clock signal communicatively coupled {0 the address select input;

send the data signal to the data signal input while the first clock signal is active,

deactivate the first ciock signal;

activate a first enable signal communicatively coupled {0 the first shift reqgister {o
store the data signal in the first shift register; and

deactivate the first enable signal.

17.  The system of claim 18, wherein the at least one non-transitory processor-
readable storage medium further stores at least one of processor-executable
instructions or data that, when executed by the at least one processor, cause the at
least one processor to:

aclivate the second clock signal communicatively coupled o the first shift register
to output the data signal from the first shift register;

deaclivate the second clock signal;

activate a second enable signal communicatively coupled o the second shift
register to store the data signal in the second shiff register; and

desctivate the second enable signal.
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18. A method for addressing an emissive display having a plurality of pixels
arranged into rows and columns, the method comprising, for each of the columns:

receiving a first clock signal at an address select input at a gate of a first thin film
transistor {TFT) and a data signal input at a drain of the first TFT, wherein when the first
clock signal is active al the gate of the first TFT, the data signal is passed from the drain
of the first TFT to the source of the first TFT:

receiving the data signal from the source of the first TFT atl a gate of a second
TFT, the second TFT driving a first light emitting semiconductor, in a first row of the
display, connected to a drain of the second TFT,

receiving the data signal from the source of the first TFT at a first shift register
comprising at least a third TFT, the first shift register receiving a second clock signal,
wherein when the second clock signal is active, the data signal is output by the first shift
register; and

receiving the data signal cuiput by the first shift register at a gate of a fourth TF T,
the fourth TFT driving a second light emitting semiconductor, in a second row of the

display, connected {o a drain of the fourth TFT.

19.  The method of claim 18, further comprising:

receiving the data signal from the first shift register at a second shift register
comprising at least a fifth TFT, the second shift register receiving a third clock signal,
whereain when the third clock signal is aclive, the data signal is ocutput by the second
shift register; and

receiving the data signal cuiput by the second shift register at a gate of a sixih
TFT, the sixth TFT driving a third light emitting semiconductor, in a third row of the

display, connected to a drain of the sixth TFT.

20.  The method of claim 18, further comprising:

activating a first clock signal communicatively coupled {o the address select
input;

sending the data signai to the data signal input while the first clock signal is
active;

deactivating the first clock signal;
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activating a first enable signal communicatively coupled to the first shift register
to store data from the data signal in the first shift register; and

deactivating the first enable signal.

21, The method of claim 20, further comprising:

activating the second clock signal communicatively coupled to the first shift
register to output the data signal from the first shift register;

deactivating the second clock signal;

activating a second enable signal communicatively coupled to the second shift
regisier to store the data from the data signal in the second shift register; and

deactivating the second enable signal.

22.  The method of claim 18, further comprising:

nputting the received data signal {0 a source of the third TFT, in a first stage of
the first shift register; and

outputting the data signal at a drain of the third TFT to a gate of a seventh TFT
when the first enable signal is active at the gate of the third TFT, the gale of the third
TFT being connected to a gate of an eighth TFT,

wherein a drain of the seventh TFT and a source of the eighth TFT are

connected and output the data signal from the first stage of the first shift register.

23, The method of claim 22, further comprising:

inputting the data signal received from the first stage of the first shift registerto a
source of a ninth TFT, in a second stage of the first shift register; and

outputting the data signal at a drain of the ninth TFT when the second clock
signal is active at a gate of the ninth TFT, the data signal cutput by the ninth TFT being
input {o the gate of a tenth TFT,

wherain a drain of the tenth TFT and a source of an eleventh TFT are connected

and output the data signal from the first shift register.
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|:| Further documents are listed in the continuation of Box C.

See patent family annex.

than the priority date claimed
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to be of particular relevance the principle or theory underlying the invention

"D" document cited by the applicant in the international application "X" document of particular relevance; the claimed invention cannot be

"E" eatlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive
filing date step when the document is taken alone

"L"  document which may throw doubts on priority claim(s) or which is "Y" document of particular relevance; the claimed invention cannot be
cited to establish the publication date of another citation or other considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents,such combination

"O" document referring to an oral disclosure, use, exhibition or other means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later "&" document member of the same patent family
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