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CLAIM OF PRIORITY
10001} This patent application claims the benefit of priority to U.S.
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Application Serial No. 15/084,876, filed March 30, 2016, which is incorporated

by reference herein in its entirety.

TECHNICAL FIELD
10002} Embodiments described herein pertain to receiver circuitry.

Some embodiments relate to equalizers in receivers.

BACKGROUND
{00031 Many electronic devices or systems, such as computers, tablets,
and cellular phones, include receivers 1o receive signals. The signals carry
information {e.g., data) transmitted from one device to another device.
Equalizers are usually used to improve the quality of the signals recetved at the
receiver. A decision feedback equalizer (DFE) is one type of equalizer. A
conventional DFE has decision circuitry (e.g., a sampling slicer) to sample the
signal as part of an equalization operation performed by the DFE. In some
conventional DFEs, such decision circuitry may have timing constraints,
complex structures, and high power consumption. These factors may make

some conventional DFEs unsuitable to be used in some receivers.

BRIEF DESCRIPTION OF THE DRAWINGS
{0004} FiG. 1 shows an apparatus including devices and a channel
between the devices, according to some embodiments described herein.
{0005] FIG. 2 shows a block diagram of diagram of a receiver including
recetver lanes and DFEs, according to some embodiments described herein.
{0006} FIG. 3 shows a block diagram of diagram of a receiver including

an input circuit and a DFE, according to some embodiments described herein.
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{00071 FIG. 4 shows a schematic diagram of an adjust circuit of the DFE
of FI(3. 3, according to some embodiments described herein.

{0008] FIG. S shows a block diagram of a receiver including a data path
and a clock path, according to some embodiments described herein.

{06009} FIG. 6 shows an apparatus in the form of an electronic system,
according to some embodiments described herein

{0018] FIG. 7 1s a flowchart showing a method of operating a receiver,

according to some embodiments described herein.

DETAILED DESCRIPTION
{0011} The technique described herein includes a DFE that may be used
in a receiver that receives information {e.g., data signals) transferred to the
receiver at relatively high speed (e.g., up to 3.2 x 10° transfers per second (which
is 3200 megatransfers per second (MT/s)) or higher). A conventional data DFE
or an edge-based DFE is often used to improve the vertical and horizontal eye
openings of the DFE output. However, a data DFE may provide the maximum
vertically eye opening and an edge-based DFE may provide the maximum
horizontal eye opening. The DFE described herein may be arranged to perform
as either a data DFE or an edge-based DFE and may give a better result than
either a conventional data DFE or a conventional edge-based DFE.
Additionally, the DFE described herein may be arranged to perform some
functions of a conventional DFE and some functions of a conventional edge-
based DFE and achieve the benefits that may be close to those of both
conventional data and edge-based DFEs.
{0012} Conventional data and edge-based DFEs are typically
implemented through sampled DFE architecture, which often includes sampled
decision circuitry {(e.g., clocked flip-fiops that functions as the slicer). Such
conventional DFE structure may face some challenges. For example, first post
cursor tap timing for a feedback path of the conventional DFE may be very tight
relative to the unit symbol (U} of the signal received at the receiver. Some
conventional DFEs try to relax this timing by using some DFE scherues, such as
a DFE loop unrolling. However, this scheme usually needs additional circuitry,

leading to an increase in DFE circuit complexity and cost. To another example,



WO 2017/172147

W

10

15

PCT/US2017/019429

in a conventional DFE, the DFE eye opening (e.g., the eye opening of the signal
at the output of the DFE) may not be obtained by margining the receiver clock
{e.g., the DFE clock) because error propagation in higher bit ervor rate (BER)
region of the eye opening may significantly damage the eye opening.

10013} In the technique described herein, the DFE has an un-sampled
(e.g., continuous) DFE structure, such that decision circuitry of DFE can be
arranged (e.g., configured) without conventional sampled (e g., clocked)
decision components. The described DFE may use no sampling clock in
components of its decision circuitry. The described DFE can include a fine
fractional loop delay. As described in more detail below, the un-sampled DFE
technique may reduce {or eliminate) signal retlection and inter-symbol
interference (IST). The un-sampied DFE may not be limited to a non-integer
multiple of Ul of the input signal, and may reduce signal reflection across the
width of the DFE eye opening (e.g., including reflection at locations other than
the center and edges of the eye opening). The un-sampled DFE may also reduce
circuit complexity, and improve (e.g., decrease) power consumption of the DFE.
{0014} FIG. 1 shows an apparatus 100 including devices 101 and 102,
and a channel 103 between devices 101 and 102, according to some
embodiments described herein. Apparatus 100 can include or be included in an
electronic device or system, such as a computer {e.g., server, desktop, laptop, or
notebook), a tablet, a cellular phone, or other electronic devices or systems.
Each of devices 101 and 102 can include an integrated circuit {(IC), such as an IC
chip. Devices 101 and 102 can include a combination of a controlier (e g,
processors {e.g., central processing unit (CPU)), input/output controllers, or
memory controller), a memory device, and or other electronic devices. FIG. 1
shows an example where device 101 can be a memory device and device 102
can be a CPU.

10015] Devices 101 and 102 can include a transmitter 105 and a receiver
104, respectively. Channel 103 can provide communication {(e.g., in the form of
signal transmission} between devices 101 and 102. Channel 103 can include
fanes 1030, 1034, and 1032 through 103x, 103~ and 103p to conduct signals
between devices 101 and 102. Each of fanes 1030, 1031, and 1032 through 103x

can be used carry a single-ended signal or alternatively a differential pair signal.
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Each of lanes 103q through 103x can include a single conductive trace (or
alternatively multiple conductive traces}, such as metal-based traces of a bus on
a circuit board (e.g., printed circuit board of an electronic system) where devices
101 and 102 are located. In an alternative arrangement, channel 103 does not
have to include conductive lines on a circuit board. For example, channel 103
can include a medium (e g , air) for wireless communication between devices
101 and 102,

{0016} Devices 101 and 102 can communicate with each other by
providing signals on lanes 103¢through 103xand 103w and 103». As shown in
FiG. 1, for example, transmitter 105 may transmit signals Vo, Vowi, and
Vo through Vowex to recetver 104 on one portion of channel 103 (e g., on lanes
1030, 1031, and 1032 through 103x, respectively) and clock signals Verke, and
Verrn on another portion of channel 103 (e.g., on lanes 103w and 103p,
respectively}. Clock signals Vomo, Vo, and Vome through Vomx can include
timing information associated with transmussion of signals Vo, Vomn, and
Yoinz through Vomix

{60617} As an example, device 101 can include a dynamic random access
memory {DRAM) device, such that each of signals Voo, Vo, and Vo
through Vpiny can include a data signal (e.g., DQ) representing data information
{e.g., data bits) transmitted from device 101 to device 102, In this example, each
of clock signals Veikn and Verke can include a strobe signal (e.g., DOS). Clock
signals Vookw and Verke can be a differential pair signal (e.g, clock sigoals
Verkw and Verke can be a “true” and “complimentary” signal patr). FIG. 1
shows two clock signals Verrn and Vewre as an example. The number of clock
signals and timing signals can vary. Receiver 104 can include components and
operations of the receivers described below with reference to FIG. 2 through
FiG. 7.

{0018} FIG. 2 shows a block diagram of a receiver 204 including
recetver lanes 2040 through 204x and decision feedback equalizers (DFEs) 2140
through 214x, according to some embodiments described herein. Receiver 204
can correspond to receiver 104 of FIG. 1. Each of receiver lanes 2040 through
204x can perform an equalization operation on respective analog input signal to

generate respective digital output information (e.g , bits of information).
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10019} For example, recetver lane 2040 can receive signal {(e.g., analog
input signal) Vome and generate information Pouro (e.g., digital output
information}. Receiver lane 204x can receive signal (e g., analog input signal)
Vo and generate information (e g., digital output information) Dourx. Each
of information Douro and Dourx can be represented by a digital signal that
carries bits (e.g., data bits}. Signals Voo and Vonix can be provided to receiver
204 by a transoutter, such as transmitter 105 of FIG. 1. Thus, signals Voo and
Yoinx can correspond to two of signals Voo through Vomx of FIG. 1. FIG. 2
shows an example where receiver 204 includes two receiver lanes 2040 through
204x. The number of receiver lanes can vary.

100261 As shown in FIG. 2, receiver lane 204¢ can include a linear
equalizer (LE} 2120 (which can include a continuous time linear equalizer
(CTLE)) and a latch 2160 coupled to DFE 2140, Equalizer 212¢ can perform an
equalization operation {e.g., a CTLE operation) {0 equalize (e.g., reduce noise)
in signal Voo and generate signal (e.g., equalized signal)y Vomo po. DFE 2140
can perform an equalization operation (e.g., DFE operation) on signal Vbpmo 50
and generate information Doure pre, which is digital output information {(e.g.,
inforration represented by a digital signal that carries bits, such as data bits).
Latch 216 can operate to latch (e.g., capture} information Doure pre and generate
information Douro.

{0021} In a similar arrangement, receiver lane 204x can include LE 212x,
DFE 214x, and latch 216x coupled to DFE 214x. Simular to receiver lane 2040,
receiver lane 204x can operate to receive signal Vpinx and generate signal

Vomnx ee and information Bouro pee and Douro.

{0022} Receiver 204 can include components and operations of the
recetvers described below with reference to FIG. 3 through FIG. 7.

{0023} Fi1G. 3 shows a block diagram of a receiver 304 including an
input circuit 312 and a DFE 314, according to some embodiments described
herein. Tnput circuit 312 and a DFE 314 can be part of a receiver lane similar to
one of receiver lanes 2040 through 204x of FIG. 2. As shown in FIG. 3, receiver
304 can receive a signal (e.g., analog tnput data signal) Vore and a signal {e.g.,
analog input reference signal} Veer and generate information Dour pre, which is

digital output information {e.g., information represented by a digital signal that
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carries bits, such as data bits). Information Dout pre is a digital representation
of signal Vom.

{0024} Signal Voin (small swing analog signal) can be provided to
receiver 304 from a transmitter, such as transmitter 105 of FIG. 1. Thus, signals
Vo can correspond to one of signals Vome through Vomx of FIG. 1. In FIG. 3,
signal Veer can be generated (e.g., internally generated) by receiver 304 (or by a
device 101 that includes receiver 304).

{0025} DFE 314 can include a circuit 320, a delay circuit 325, an adjust
circuit 330, and a feedback toop 328, Feedback loop 328 can include at least a
portion of delay circuit 325 and at least a portion of adjust circuit 330, As
described in more detail below, DFE 314 has an un-sampled (e.g., continuous)
DFE structure, such that decision circuitry (e.g., a combination of circuit 320 and
delay circuit 325) of DFE 314 can be arranged {(e.g., configured) without
conventional sampled (e.g., clocked) decision components {e.g., without clocked
comparator, symbol slicer, or other clocked components used to sample data).
Thus, DFE 314 may use no sampling clock (e.g., may decouple a sampling
clock} in circuit 320 and delay circuit 325, For example, receiver 304 may
include a clock path (vot shown 1n FIG. 3) to receive a clock signal {or
alternatively a differential pair clock signal) associated with signal Vo
Receiver 304 may not use that clock signal to sample signals in DFE 314, Thus,
that clock signal may be decoupled from (e g, notused in) DFE 314 (e g,
decoupled from circuit 320 and delay circuit 325 of DFE 314).

{0026} In DFE 314, delay circuit 325 can provide a loop delay that has a
time delay relative to (e.g., as a function of) the Ul of signal Vo, The Ul of
signal Vomi is a portion (e.g., segment} of the signal Vo within the UL 1o which
the portion is used to carry one bit {or multiple bits) of information (e g., data).
In FIG 3, delay circuit 325 may provide a foop delay of X times T (X*T), where
X is a real number, and T is equal to one Ul of signal Vo, In DFE 314, delay
circuit 325 can be tuned to provide a time delay, such that the loop delay of DFE
314 can be a fractional loop delay. This means that the value of X can be a non-
integer. For example, the value of X can be greater than zero and less than one
(0 <X <1). In ancther example, the value of X can be greater than one and less

than two (1 <X <2). In some arrangement, the value of X can be an integer.
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{00271 As an example where X is a non-integer, the fractional loop delay
of DFE 314 can be 1.5T (which is 1.5UI} that makes DFE 314 to be equivalent
to an edge-based DFE. Thus, DFE 314 may be arranged as a stand-alone edge-
based DFE {e g, without using it combination with a data DFE) but DFE 314
may still achieve the benefits of both data and edge-based DFEs (e.g., achieve
improved horizontal and vertical data eye openings).

{0028} Some conventional DFEs use sampled decision circuitry {e.g., a
sample slicer) that may limit the loop delay of the DFE to be an integer multiple
of UI of the input signal. In DFE 314, by avoiding sampled decision circuit and
by using delay circuit 325 (which can provide a fractional loop delay), DFE 314
may not be limited to a non-integer multiple of Ul of the input signal. This
allows DFE 314 to be relatively easily tuned {(e.g., configured) in order to select
the value {e.g., an optimal value) for the loop delay (e.g., a fractional loop delay)
of BFE 314, This may also allow DFE 314 to achieve an intended result {e.g.,
best result) for the DFE output (e.g., an improved quality of the signal that
represents information Dourt prg).

{6029} As is known to those skilled in the art, signal reflection may
appear not necessarily at the center or the edges of the eve opening of signal ata
receiver 304, Signal reflection may appear anywhere across the width of the eye
opening. In DFE 314, delay circuit 325 and adjust circuit 330 may allow DFE
314 to reduce signal reflection across the width of the eve opening (e.g.,
including reflection at locations other than the center and edges of the eye
opening). This further improves the quality of the signal that represents
information Dourt pre.

{0030] Delay circuit 325 and adjust circuit 330 can be tuned, so that loop
delay (e.g., fractional loop delay) of DFE 314 can be adjusted {e.g., until it i3
optimized) in finer granularity across the entire width of eye opening. This may
cancel voltage shift, timing shift, or both (that may be caused signal reflection)
and allow parameters {e.g., rectangular eye mask) of the input signals at receiver
304 to remains intact.

{0031} DFE 314 shows an example implementation of 1-tap fine
fractional DFE. Delay circuit 325 can include components (e.g., delay elements

326) that are process, voltage, and temperature (PVT) compensated components.

PCT/US2017/019429
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Delay circuit 325 can provide tapping points (e.g., delay tapping points}, that can
be selected during a tuning operation. A training algorithm (e.g., software) can
be used during the tuning operation {o obtain the intended (e g., best) result (e.g.,
best data eye diagram (¢.g., eye opening) for the signal that represents
information Dour pre}). Alternatively, training of DFE 314 may be performed by
firmware or hardware. The tuning operation may inchude observing the arrival
of signal reflection in the signal {e.g., signal Vpm) received at receiver 304 and
reducing {or eliminating) such signal retlection.

{0032} In operation, input circuit 312 can perform a filtering (e.g.,

a
CTLE) operation on signals Vpin and Vrer and generate equalized signals
Vo g and Vo 50™ at nodes 315 and 316, Signals Voin go and Vow sg*can
be combined (e.g., summed) with a signal {which represents feedback
information DFE FB) from a feedback loop 328 of DFE 314, Adjust circuit 330
can include a differential current digital-to-analog converter (DAC) that can be
controlied by feedback information DFE FB. Adjust circuit 330 can operate to
adjust signals Vom 50 and Vo g0™ in order to reduce {or eliminate} signal
reflection and ISE

{0033} Circuit 320 and delay circuit 325 can provide data symbol slicing
{non-clocked data symbol sampling) and delay function for DFE 314, For
exarple, circuit 320 can quantize signal Voin go and Vo 0™ into digital
information. Delay circuit 325 can provide a time delay for the loop delay (e g.,
fractional loop delay) for DFE 314, Delay circuit 325 can be configured such
that its time delay can be tuned {e.g., configured) to achieve the loop delay (e.g.,
fractional loop delay) tor DFE 314. Thus, the loop delay of DFE 314 1sa
configurable loop delay. Unlike some conventional DFEs, DFE 314 may use no
sampling clock in its decision circuitry. For example, DFE 314 may notuse a
clock signal in circuit 320 and delay ctrcuit 325 to sample data to generate
information Din and Dour pre. This allows loop delay of DFE 314 to be a non-
integer multiple of UL Avoiding the use of a sampling clock in circuits 320 may
also reduce power consumption in DFE 314, leading to relatively lower power
consumption of receiver 304, Further, the T-tap fine fractional structure of DFE
314 may also allow it to be less complex than some conventional DFEs.

Moreover, receiver 304 may use a clock signal (e.g., a strobe signal) to) from a
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clock path (not shown in FIG. 3) to latch information Dour pre from the output
of DFE 314 at a latch (not shown in FIG. 3). However, DFE 314 may not use
such a clock signal to sample the data in circuit 320 and delay circuit 325 of
DFE 314 Thus, such a clock signal can margin and detect the width of the eye
opening of the signal that represent information Dour pre during testing (e.g.,
during tuning} of DFE 314.

{0034} As shown in FIG. 3, input circuit 312 can include LE 312ato
perform an equalization operation {(e.g., CTLE)} operation on signals Vo and
Vrer. Input carcuit 312 can be structured in a differential configuration. Signals
Vioin and Vwer can be an input differential pair at inputs of LE 312a. Signals
Vo e and Vo 50* can be an equalized output differential pair signal (small
swing differential signal pair) at outputs (e.g., at nodes 315 and 316) of LE 312a.
{0035} Circuit 320 can operate to generate information (e g, digital input
information) Biv having value based on the values of signals Vb rg and

Vo go*. Circuit 320 can include amplifier stages (e.g., hmiting amplifiers) 321
and 322 that can operate to amplify signals Vo g0 and Vbin go*, a combiner
323 to combine the signals at the outputs of amplitier 322 and convert them into
a single-ended signal at the output of combiner 323, and a buffer 324 (e g,
series-connected inverters) to receive a signal from the output of combiner 323
to generate information Div

106036} Delay circuit 325 can operate to recetve information Din and
apply a time delay to information Dv to generate information Dout pre at a node
317, Information Dour pre s a delayed (time delayed) version of information
Din. Information Dour pee and Din have the same value. Delay circuit 325 can
include delay elements 326 having respective output nodes 326a, 326b, 326¢,
and 326d. Each of delay elements 326 can provide a time delay. Each of delay
elements 326 can be a variable {e.g., tunable) delay element. The time delay
provided by each of delay elements 326 can be selected (e g., by tuning the delay
element) to be a particular value. Tuning delay elements 326 can be part of the
tuning operation to provide loop delay (e.g., fractional loop delay) for DFE 314
{0037} Qutput nodes 326a, 326b, 326¢, and 326d can provide respective
tapping points for delay circuit 325. FIG. 3 shows an example of four delay

elements 326 and four tapping points at respective output nodes 326a, 326b,
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326¢, and 326d. The number of delay elements 326 and tapping points of delay
circuit 325 can vary. The tapping points in delay circuit 325 can be selected
during a tuning operation to provide the loop delay for DFE 314,

{6038} Delay circuit 325 can include a selector {e.g., multiplexor) 327,
which can include input nodes {e.g., multiplexor input nodes) coupled to
respective putput nodes 326a, 326b, 326¢, and 326d (e.g., tapping points of delay
circutt 325). Selector 327 can also include an output node 3272, and a port {e.g.,
multiplexor control nodes) 327¢. Port 327¢ can receive select information

DFE SEL, which can be represented by one or more signals {e.g., select
signals). Based on the value of select information DFE_SEL, delay circuit 325
can selectively couple one of output nodes 326a, 326b, 326¢, and 326d (e.g., one
of the tapping points} to node 327a. Node 327a can provide feedback
information DFE FB, which is digital information. Feedback information

DFE _FB can include a single bit (e.g,, only one bit). For example, feedback
information DFE FB can have one value corresponding to logic 1 (e.g., binary
1} and anocther value corresponding to logic 0 (e.g., binary 0},

{6039} Adjust circuit 330 can include memory component {e.g.,
registers) 330a to store control code information CODE A, and memory
component (e.g., registers) 330b to store control information CODE B, Each of
control code information CODE A and CODE B can include codes (e g, digital
codes). Each of the codes can include bits.

{0040} During operation, based on the value (e.g., logic 1 or logic 0) of
feedback information DFE_FB provided by delay circuit 325 on feedback loop
328, adjust circuit 330 can select at least one code from at least one of control
code information CODE A and CODE B, Adjust circuit 330 can apply the
selected code to adjust signals Vo g0 and Voin go* (e.g., such as to reduce or
eliminate signal reflection and 181 that may oceur in signals Vo o and

Vioin 8Q™). This adjustment may also improve the quality {e.g., data eye

opening) of the signal that represents information Dour pre.

{0041} The value of information DFE SEL provided to port 327¢ of
selector 327 can be a fixed value during an operation (e.g., a normal operation)

of DFE 314. The value {e.g., fixed value) of information DFE SEL can be

selected during a tuning operation (e.g., calibration operation) performed on

10
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DFE 314, For example, during a tuning operation, tratning information {e.g.,
training bits} can be provided to input circuit 312 (e.g., in the form of signal
Vo). Different values (e.g., different combination of bits) of information

DFE SEL can be provided to port 327¢ during a tuning operation. Based on the
values of information DFE_SEL during the tuning operation, selector 32
selectively couples output nodes 326a, 326b, 326¢, and 326d {one at a time) to
node 327a. The signal that represents information Dour pre during the tuning
operation can be observed and analyzed (e.g., using electronic equipment). The
value of information DFE SEL selected to be used during a normal operation of
DFE 314 can be the value of information DFE SEL that provides the intended
result (e.g , best result) for the signal that represents information Dour pre during
the tuning operation. The intended resuit can include the best data eye diagram
{e.g., eve opening), the data eye diagram that satisfies predetermined parameters,
or other acceptable parameters associated with the intended result.

0042} FIG. 4 shows a schematic diagram of adjust circuit 330 of DFE
314 of FIG. 3, according to some embodiments described herein. Adjust circuit
330 can include switches So through Sw and switches So through Swv coupled in
parallel on respective circuit paths between node 316 and vode {e.g., ground
connection) 405, and switches §7¢ through S’wm and switches 879 through 8’y
coupled in parallel on respective circuit paths between node 315 and node 405,
Each of switches So through Swm, switches 8o through 8w, switches So through
Sw, and switches 870 through S’n can include a transistor, which can be a metal-
oxide semiconductor {MOS) transistor, such as n-channel (NMOS) transistor or
p-channel PMOS transistor.

{0043} Switches So through Swm and switches 8¢ through 8w can be
included as part of off-set correction circuitry of DFE 314 to offset any noise
{e.g., random noise) that may be developed at nodes 315 and 316 during
operation of receiver 304 when no signal is provided to the input of input circuit
312, In some arrangements, switches So through Sw and switches S0 through
S’wm (and their connections to nodes 315 and 316} can be omitted from {(e.g., or
alternatively vot used in) DFE 314 if there is negligible noise (or no noise) at
nodes 315 and 316 during operation of receiver 304 when no signal is provided

to the 1nput of input circuit 312, As shown in FIG. 4, switches So through Sum

11
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can be controlled {(e.g., turned on or turned off) by bits Ao through Am (at nodes
410), respectively. Switches 879 through 8'w can be controlled (e g., turned on
or turned off) by bits A% through A*wm, respectively. Bits Ao through Am and
Ao through A*m can have complementary values (e g, based on operations of
inverters 431). For example, if bits Ao through Awm have a value of 0000011111
{(binary value)}, then bit A% through A*m have a value of 1111100000.

{0044} Switches So through Sw and switches 8o through S'w can be
included as part of feedback foop 328 (FIG. 3) used in operations of DFE 314,
As shown in FIG. 4, switches So through Sw can be controlled (e.g., turned on or
turned off) by bits Be through Bn (at nodes 420}, respectively. Switches 8¢
through $'n can be controlled (e.g , turned on or turned off) by bits B*o through
B*u, respectively. Bits Bo through By and B*o through B*n can have
complementary values {(e.g., based on operations of inverters 432). For example,
if bits Bo through Bw have a value of 00000001 (binary value), then bit B¥o
through B*x have a value of 11111110

10045} Adjust cireuit 330 can include multiplexors 452 and 452° that can
respond to select information FB (multiplexor select information) from an output
of logic circuit {e.g., logic AND gate) 453, Logic circuit 453 can include inputs
to receive information {(e.g., DFE enable signal) DFE _EN and feedback
information DFE_FB. During a normal operation of DFE 314, information
DFE_EN can have a value {e.g., fogic 1}, such that the value (e.g., logic 1 or 0}
of select information FB follows (e.g, 15 the same as) the value (e g, logic 1 or
0} of feedback information DFE_FB.

{0046} Control code information CODE A can include codes 411, 412,
and 413, Hach of codes 411, 412, and 413 include bits Ao through Am. The
number bits Ao through Am of codes 411, 412, and 413 can be the same.
However, the value (binary combination value) of bits Ao through Awm of codes
411, 412, and 413 are different from one code to another. For example, if each
of codes 411, 412, and 413 has 10 bits {e.g., Ao through As), then the values of
codes 411, 412, and 413 can be 000000000, 000000001, and 0000000011,
respectively. FIG. 4 shows an example where control code information CODE
A has three codes (411, 412, and 413) as an example. The number of codes in

control code wnformation CODE A can vary.
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10047} The value of bits Ac through Am at nodes 410 can be the value of
bits Ao through Anm of one of codes 411, 412, and 413, Select information {e.g.,
digital information) CODE _SELa can be used to select a code {(e.g., selected
code) among codes 411, 412, 413 to be provided to nodes 410. Memory
component 330a can include a decoder that can decode the value (e g., a
combination of bits) of information CODE SELA to select one of codes 411,
412, and 413 to be the provided to node 410

{6048} Switches So through Swm and switches 8¢ through 8'm are
arranged and controlled by bits Ao through Am and A% through A*wm (having
complementary values), such that the number of switches So through Sum that are
turned on can be equal to the number of switches $7o through 8™ that are turned
off (which also means that the number of switches So through Sm that are turned
off can be equal to the number of switches 8o through S that are turned on).
This allows balancing the change (e.g., an increase) in the amount of currents I1
{between nodes 316 and 405) with the change (e.g., a decrease) in the amount of
current Iz {(between nodes 315 and 4053, This balancing of the changes in
currents I and I» allows a proper equalization operation to be performed on
signals Vom 50 and Voin 50™ at nodes 315 and 316.

10049} In a normal operation of DFE 314, although the number of
switches So through Sw that are turned on can be equal to the number of switches
S0 through 8’wm that are turned off, the number of turned-on switches within the
same group {e.g., either in the group of switches So through Sm or in the group of
swiiches §7¢ through S'wm) can be different from the number of turned-off
switches. For example, in a normal operation, the value of bits Ao through Am at
node 410 may be a value different from 0000011111, so that the purpose of off-
set correction {e.g., random noise reduction) may be maintained.

10050] The value of bits Ac through Awm at nodes 410 can be a fixed
value during (e.g., normal) operation of DFE 314. The value (e.g., fixed value)
of bits Ao through Awm can be selected during a tuning operation {(e.g., calibration
operation) performed on DFE 314. For example, during a tuning operation,
training woformation (e.g., training bits) can be provided to input circuit 312
(e.g., in the form of signal Vo in FIG. 3). Different codes{e.g, codes 411,

412, and 413) included in control code information CODE A can be provided to
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nodes 410 (one at a time} based on the value of select information CODE_SELa
The signal that represents information Dovr pre during the tuning operation can
be observed and analyzed {(e.g., using electronic equipment). The value of select
information CODE SEL4 selected to be used during a normal operation of DFE
314 can be the value of information CODE SELa that causes the difference
between signals Voin 20 and Voin go* during the tuning operation to be zero (or
close to zero), which means that value information Dout pre during the tuning
operation is also zero.

{00581} Control code information CODE B can include codes 421, 422,
and 423, Hach of codes 421, 422, and 423 include bits Bo through By, The
number of bits Bo through By of codes 421, 422, and 423 can be the same.
However, the value (binary combination value) of bits Be through Bw of codes
421, 422, and 423 are different trom one code to another. For example, if each
of codes 421, 422, and 423 has eight bits {e.g., Bo through B7), then the values of
codes 421, 422, and 423 can be 0000000, 0000001, and 00000011, respectively.
FIG. 4 shows an example where conirol code information CODE B has three
codes (421, 422, and 423) as an example. The number of codes in CODE B can
vary.

10052} The value of bits Bo through Bw at nodes 420 can be one of the
value of bits Bo through By of one of codes 421, 422, and 423, Select
information {e.g., digital information) CODE SELg can be used to select a code
{e.g., selected code) among codes 411, 412, 413 to be provided to nodes 410,
Memory component 330b can include a decoder that can decode the value (e g,
a combination of bits) of information CODE SELg to select one of codes 411,
412, and 413 to be provided to node 420.

{0053] The value of bits Bo through By at nodes 420 can be a fixed value
during (e.g., normal) operation of DFE 314. The value (e.g., fixed value) of bits
B through B can be selected during a tuning operation {e.g., calibration
operation) performed on DFE 314 in ways similar to the selection of information
DFE SEL (FIG 3). For example, during a tuning operation, training information
{e.g., training bits) can be provided to input circuit 312 (e.g., in the form of
signal Vow in FIG. 3). Different codes {(e.g., codes 421, 422, and 423} included

in control code information CODE B can be provide to nodes 420 (one at a time)
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based on the value of select information COBE _SELgs. The signal that
represents information Dour pee during the tuning operation can be observed and
analyzed (e.g., using electronic equipment). The value of select information
CODE SELs selected to be used during a normal operation of DFE 314 can be
the value of information CODE _SELg that provides the intended result {e.g.,
best result) for the signal that represents information Dour pre during the tuning
operation. The intended result can include the best data eye diagram {e.g., eye
opening}, the date eye diagram that satisties predetermined parameters, or other
acceptable parameter associated with the intended result.

10054} Multiplexors 452 and 4527 and switches So through S~ and
switches 8¢ through S'n are arranged and controlled by bits Bo through By and
B*o through B*wn, such that the number of switches So through Sw that are turned
on can be equal to the number of switches $'¢ through S’ that are turned oft,
and the number of switches So through Sw that are turned off can be equal to the
number of switches 8’ through S’w that are turned on. This allows balancing
the change (e.g., an increase} in the amount of currents Is (between nodes 316
and 405) with the change (e.g., a decrease) in the amount of current I+ (between
nodes 315 and 405). This balancing of the changes in currents Is and L+ allows a
proper equalization operation to be performed on signals Voin 20 and Vo go*
at nodes 315 and 316.

{0055] As shown in FIG. 4, multiplexors 452 and 452” can respond to the
same select information FB. For example, if FB = 1 (the value of information
FB is logic 1), then multiplexor 452 can select bits Bo through Bw at nodes 420
and provide bits Bo through B to nodes 462 {output nodes of multiplexor 452).
Multiplexor 4527 can select bits B*o through B*w at outputs of inverters 432 and
provide bits B*o through B*n to nodes 462 {output nodes of multiplexor 4527}
In another example, it FB = 0 ({the value of information FB is logic 0), then
multiplexor 452 can select bits B* through B¥w at outputs of inverters 432 and
provide bits B*o through B*n to nodes 462, Multiplexor 4527 can select bits Bo
through By at nodes 420 and provide bits Bo through B to nodes 4627

{0056} In a normal operation of DFE 314, although the number of
switches So through Sm that are turned on can be equal to the number of switches

S0 through $°~ that are turned off, the mumber of turned-on switches within the
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same group {e.g., either in the group of swiiches So through Sw or in the group of
switches 8¢ through S'n) can be different from the number of turned-off
switches. For example, in a normal operation, the value of bits Bo through B at
node 420 may be a value different from 000011111, so that the purpose of DFE
314 operation is maintained.

{00571 In some operations {e.g., testing operations), the value of bits Bo
through Bw at node 420 may be selected such that the number of logic O bits can
be the same of as the number of logic 1 bits (e.g, 000011111). This means that
the number of turned-on switches within the same group {(e.g., either in switches
So through Sy or in switches S’ through §'n) can be the same as the number of
turned-oft switches. This may, in effect, neutralize (e.g ., disable) the operation
of DFE 314 from receiver 304 (FIG. 3). For example, in a test operation,
information DFE EN can have a value {e.g., logic 0}, such that a decoder in
memory component 330b selects (e.g., automatically selects)y a code{e.g., a
niddle code among codes 411, 412, and 413) that has a value of 00001111
{0058 FIG. S shows a block diagram of a receiver 504 including a data
path 541 and a clock path 542, according to some embodiments described
herein. Data path 541 can operate to receive signals (e.g., analog input signals)
Vipin and Vrer, generate data information {(e.g, digital output information) D and
provide it to a latch 516, The value of data information D (e g, bits of data) is
based on the value of signal Vo, Clock path 542 can operate to receive clock
signals Vookw and Veorke (e.g., differential clock signal pair), which are clock
signals associated with signal Voin. Clock path 542 can provide clock
information CK (e g., clock phases represented by a clock signal) based on clock
signals Veorn and Veke. Receiver 504 uses the timing of clock information CK
to latch data information D at latch 516 at an appropriate time {e.g., based on
timing of information CK).

10059] Signals Vo and Veer can correspond to signals Vpin through
Vrer of FIG. 3. Sigoal Vo can be provided to receiver 504 by a transmitter,
such as transmitter 105 of FIG. 1. Signals Vewkw and Veuge in FIG. 5 can
correspond to signals Vern and Vewxe provided by transmitter 105 of FIG. 1.
10060} In FIG. 5, time amount {1 represents an amount of time {e.g, a

fraction of a second) lapsed from a receipt of signal Vom at receiver 504 to the
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occurrence of data information D at latch 516, Time amount t] can be called the
time delay of data path 541 Time amount {2 represents an amount of time (e g,
a fraction of a second) lapsed from a receipt of signals Veurw and Vouxe at
recetver 504 to the occurrence of clock information CK at latch 516, Time
amount 12 can be called the time delay of clock path 542

10061} Data path 541 and clock path 542 can be arranged, such that data
path 541 and clock path 542 can have a matched time delay. This means that
time amounts t1 and {2 can be equal to each other (e g, t1 =12). This may allow
data information D to be accurately latched (received) at latch 516

10062} As shown in FIG. 5, data path 541 can include an input circuit
512, a DFE 514, and a path delay component 560. Input circuit 512 and DFE
514 can include components and operations stmilar to {or the same as) that of
input circuit 312 and DFE 314, respectively, of FIG. 3. Thus, DFE 514 can be
an un-sampled DFE and information DFE_OUT of FIG. 5 can correspond to
information DFE OUT of FIG. 3. As described above, receiver 504 may use the
timing of clock information CK to latch data information D at latch 516
However, receiver 504 may not use signals Voukn and Vouke or clock
inforration CK in DFE 514 to sample the data signal in DFE S14. For example,
DFE 514 may perform DFE operations in ways similar to that of DFE 314 (FIG,
4) to generate digital input information {e.g., Din) and digital output information
{e.g., Dour pre) without using clock signals Veokn and Verke (or without using a
clock signal derived from clock signals Vergn and Verge) in the generation of
the digital input and output information. This means that in DFE 514, clock
signals VeLn and Verke (associated with signal Vo) can be decoupled from
{e.g., not used in) DFE 514, such as decoupled circuits (similar to circuit 320 and
delay circuit 325 of FIG. 3) of DFE 514,

{0063} Path delay component 560 is an additional delay circuit different
from delay circuit 325 of FIG. 3. Path delay component 560 can include
components {e.g., delay elements that can provide a time delay to delay the
signal that represent information DFE_OUT. Path delay component 560 is
included in data path 541 to provide a time delay. The amount of the time delay
provided by path delay component 560 can be selected (e g., adjusted), such that

time amount t1 can match (e.g., can be equal to) time amount t2. In some
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arrangement of recetver 504, path delay component 560 can be omitted from
recetver 504 and information DFE_OUT can be provided directly to latch 516 if
time amount t1 is equal to time amount t2 without path delay component 560.
{0064} Clock path 542 can include an input circuit 552 and a clock
generator 554, Input circuit 512 can include components and operations sumilar
to {or the same as) that of input circuit 312 of FIG. 3. For example, input circuit
552 can include hinear equalizers to equalize (e.g., reduce noise) clock signals
Vewkw and Veixe and generate equalized signals and provide them to clock
generator 554, Although not shown in FIG. 5, clock generator 554 can include
oft-set correction circuity to off-set random noise to improve the quality of the
signals provided by input circuit 552. Clock generator 554 may also include
amplifier stages to amplify the signals provided to it by input circuit 552 and
generate amplified signals, and delay-locked loop or clock phase interpolation
cireuitry {or both), to generate clock information CK based on the amplified
signals.

{0065] As described above, some conventional DFEs use a sampling
clock signal to sample data. Thus, in some conventional DFEs, changing the
time delay of the data path {(e.g., to match the time delay of clock path) may be
difficult {or impossible) because of the timing of the sampling clock signal used
in the sampling of the data. Tu data path 541 of FIG. 5, since the DFE 514 uses
no clock signal to sample data, including path delay component 560 in data path
541 to adjust the time delay of data path 541 (to match time amount t1 with time
amount 12} can be possible. This further timproves the latching of data
information D at latch 516.

{0066} F1G. 6 shows an apparatus in the form of a system {e.g.,
electronic system} 600, according to some embodiments described herein.
System 600 can include or be included in a computer, a tablet, or other electronic
systems. As shown in FIG. 6, system 600 can include components, such as a
processor 605, a memory device 620, a memory controller 630, a graphics
controlier 640, an input and output (I/O) controller 650, a display 652, a
keyboard 654, a pointing device 656, at least one antenna 658, a connector 615,
and a bus 660. Bus 060 can include conductive lines {e.g., metal-based traces on

a circuit board where the components of systera 600 are located).
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{00671 In some arrangements, system 600 does not have to include a
display. Thus, display 652 can be omitted from system 600, In some
arrangements, system 600 does not have to include any antenna 658. Thus,
antenna 658 can be omitted from system 600.

{0068} Processor 605 can include a general-purpose processor or an
application specific integrated circuit (ASIC). Processor 605 can include a CPU.
{0069] Memory device 620 can include a DRAM device, a static random
access memory {SRAM) device, a flash memory device, phase change memory,
a combination of these memory devices, or other types of memory. FIG. 6
shows an example where memory device 620 is a stand-alone memory device
separated from processor 605, In an alternative arrangement, memory device
620 and processor 605 can be located on the same die. In such an alternative
arrangement, memory device 620 is an embedded memory in processor 605,
such as embedded DRAM (eDRAM}, embedded SRAM {(eSRAM}, embedded
flash memory, or another type of embedded memory.

{0070] Display 652 can include a liquid crystal display (LCD), a
touchscreen (e.g., capacitive or resistive touchscreen), or another type of display.
Pointing device 656 can include a mouse, a stylus, or another type of pointing
device.

{0071} /0 controller 650 can include a communication module for wired
or wireless commumnication (e.g., communication through one or more antenna
658). Such wireless communication may include communication in accordance
with WiF1 communication technique, Long Term Evolution Advanced (LTE-A)
communication technique, or other communication techniques.

{0072} /0 controller 650 can also include a module to allow system 600
to communicate with other devices or systems in accordance with to one or more
of the following standards or specifications (e.g., /0 standards or
specifications), including Universal Serial Bus (USB), DisplayPort (DP), High-
Definition Multimedia Interface (HDMI), Thunderbolt, Peripheral Component
Interconnect Express (PCle), and other specifications.

{0073} Counnector 615 can be arranged (e.g., can include terminals, such

as pins) to aHow system 600 to be coupled to an external device (or system).
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This may allow system 600 to communicate {e.g., exchange information) with
such a device {or system) through connector 615,

{0074} Connector 615 and at least a portion of bus 660 can include
conductive lines that conform with at least one of USB, DP, HDMI,
Thunderbolt, PCle, and other specifications.

10075] As shown in FIG. 6, processor 605 can include a transceiver
(Tx/Rx} 670a having a transmitter {Tx) 603 and a receiver (Rx) 604.
Transmitter 603 can operate to transmit information from processor 605 to
another part of system 600 or to an external device (or system) coupled to
connector 615. Receiver 604 of processor 605 can operate to receive
information from another part of system 600 or from an external device {(or
system) coupled to connector 615, For example, receiver 604 can receive
information {e.g., data and clock signals) from one or more of memory device
620, memory controller 630, graphics controller 640, and /O controller 650.
Receiver 604 can include components and operation of any of the receivers
described above with reference to FIG. 1 through FIG. 5.

{0076} As shown in FIG. 6, memory device 620, memory controller 630,
graphics controller 640, and VO controller 650 can include transceivers 670b,
670c, 670d, and 670e, respectively, to allow each of these components to
transmit and receive information through their respective transceiver. At least
one of transceivers 670b, 670¢, 670d, and 670e can be similar to or identical to
transceiver 670a. Thus, at least one of transceivers 670b, 670¢, 670d, and 670e
can include a receiver similar to or identical to receiver 604, For example, at
least one of transceivers 670b, 670¢, 670d, and 670¢ can include a receiver that
can be arranged to allow at least one of memory device 620, memory controlier
630, graphics controller 640, and VO controller 650 to recetve information (e g,
data and clock signals) from another part of system 600 or from an external
device (or system} coupled to connector 615

{0077} FIG. 6 shows the coraponents of systern 600 arranged separately
from each other as an example. For example, each of processor 605, memory
device 620, memory controller 630, graphics controller 640, and VO controller
650 can be located on a separate IC (e.g, semiconductor die or an IC chip). In

some arrangements, two or more components (e.g., processor 605, memory
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device 620, graphics controller 640, and VO controller 650} of system 600 can
be located on the same die {e.g., same IC chip) that forms a system-on-chip
{SoC).

{6078} FIG. 7 is a flowchart showing a method 700 of operating a
receiver, according to some embodiments described herein. The receiver used in
method 700 can include any of the receivers described above with reference to
FI1G. 1 through FIG. 6. Some of the activities 1n method 700 may be performed
by hardware, software, tirmware, or any combination of hardware, software, and
firmware. Such by hardware, software, and firmware can be included in the
receiver or the device or system that include the receiver.

10079] As shown in FIG. 7, activity 710 of method 700 can include
recetving input signals at a receiver. Activity 720 can include equalizing the
input signals to generate equalized signals at nodes of a DFE of the recetver.
Activity 730 can include generating digital input information based on the
equalized signals. Activity 740 can include delaying the digital input
information to generate digital output information. Activity 750 can include
providing feedback information based on the digital output information for
controlling currents on circutt paths between nodes and a ground connection.
10080} Method 700 can include fewer or more activities relative to
activities 710, 720, 730, 740, and 750 shown in FIG. 7. For example, method
700 can include activities and operations of recetvers including DFEs described
above with reference to FIG. 1 through FIG. 6.

{0081} The iHustrations of the apparatuses {e.g., apparatus 100 including
recetvers 104 and receiver 304, and system 600) and methods {e.g., method 700
and operations of receivers 104 and receiver 304, and system 600} described
above are intended to provide a general understanding of the structure of

all the elements and features of an apparatus that might make use of the
structures described herein.

{6082} The apparatuses and methods described above can include or be
included in high-speed computers, communication and signal processing
circuitry, single-processor module or multi-processor modules, single embedded

processors of multiple embedded processors, multi-core processors, message
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information swiiches, and application-specific modules including multilayer or
multi-chip modules. Such apparatuses may further be included as sub-
components within a variety of other apparatuses (e.g., electronic systems}, such
as televisions, cellular telephones, personal computers {e.g., laptop computers,
desktop computers, handheld computers, eic.), tablets (e g., tablet computers),
workstations, radios, video plavyers, audio players {(e.g., MP3 (Motion Picture
Experts Group, Audio Layer 3) players), vehicles, medical devices (e.g., heart

monitors, blood pressure monitors, etc.), set top boxes, and others.

Additional Notes and Examples

{0083} Example 1 includes subject matter (such as a device, an electronic
apparatus (e.g., circuit, electronic system, or both), or a machine) including a
first circuit to receive an input signal and generate an equalized signal to a node,
a second circuit to amplify the equalized signal and generate digital input
information, a delay circuit including delay elements to apply a time delay to the
digital input information and generate digital output information, and a selector
to provide feedback information from an output node of one of the delay
elements, and an adjust circuit including switches on circuit paths coupled to the
node, the adjust circuit to control the switches based on the feedback
information.

{6084} In Example 2, the subject matter of Example 1 may optionally
include, a clock path to receive a clock signal associated with the input signal,
wherein the clock signal is decouplied from the second circuit and the delay
circuit.

{0085] In Example 3, the subject matter of Example T may optionally
include, wherein the switches include a first switch coupled between the node
and a ground connection, and a second switch coupled between the node and the
ground connection.

{0086} In Example 4, the subject matter of Example 3 may optionally
include, wherein the adjust circuit is to store a code including bits to control the

first and second switches.
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{00871 In Example 5, the subject matter of Example 4 may optionally
include, wherein the adjust circuit is to select a value of the code based on the
value of the feedback information.

{6088} In Example 6, the subject matter of any of Examples 1-5 may
optionally inchude, the first circuit, the second circutt, the delay circuit, and the
adjust circuit are part of a data path of the apparatus, the data path arranged to
provide data information, based on the digital output information, to a latch
coupled to the data path, the data path including a path delay component coupled
between the delay circuit and the latch to provide a time delay.

{0089} In Example 7, the subject matter of Example 6 may optionally
include, a clock path coupled to the latch, wherein the data path and the clock
path have a matched time delay.

{6090} Example 8 includes subject matter (such as a device, an electronic
apparatus {e.g., circuit, electronic system, or both}, or a machine) including a
linear equalizer to receive input signals and generate equalized signals, and a
decision feedback equalizer including nodes to receive the equalized signals, a
circuit to amplify the equalized signals to generate digital input information, a
delay circuit including delay elements to apply a time delay to the digital input
information and generate digital output information, and a feedback loop to
control an amount of current on circuit paths between the nodes and a ground
connection based on feedback information provided from the delay circuit.
{06091} In Example 9, the subject matter of Example 8 may optionally
include, wherein the decision feedback equalizer is included in a receiver, and
the decision feedback equalizer 1s configured to decouple a clock signal,
recetved at the recetver, from the delay circuit and from a circuit of the DFE that
generates the digital input information.

{0092} In Example 10, the subject matter of any of Examples 8 or 9 may
optionally inchude, wherein the delay circuit includes a selector to provide the
feedback information from an output node of one of the delay elements of the
delay circuit.

{0093} In Example 11, the subject matter of any of Exaruples § or 9 may

optionally include, wherein the delay circuit is configured, such that the time
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delay applied by the delay circuit is equal to X times T, where X is greater than
one and is a non-integer, and T 15 equal to one unit interval of the input signals.
{0094} In Example 12, the subject matter of Exampie 8 may optionally
include, wherein the nodes include a first node and a second node, and the DFE
includes a first switch coupled between the first node and a ground connection, a
second switch coupled between the second node and the ground connection, and
a memory component to store a code to control the first and second switches.
{6095} In Example 13, the subject matter of Example 12 may optionally
include, wherein the first and second switches are controlled by bits of the code,
and the bits have complementary values.

{0096} In Example 14, the subject matter of Example 13 may optionally
include, wherein the DFE includes a third switch coupled between the first node
and a ground connection, a fourth switch coupled between the second node and
the ground connection, and an additional memory component to store an
additional code to control the third and fourth switches.

{0097} In Example 15, the subject matter of Example 14 may optionally
include, wherein the third and fourth switches are controlled by bits of the
additional code, and the bits have complementary values.

10098} Example 16 includes subject matter (such as a device, an
electronic apparatus (e.g , circutt, electronic system, or both), or a machine)
including conductive lines on a circuit board, a memory device coupled to the
conductive lines, and a processor coupled to the conductive lines, the processor
including a first circuit to receive an input signal and generate an equalized
signal to a node, a second circuit to amplify the equalized signal and generate
digital input information, a delay circuit including delay elements to apply a time
delay to the digital input information and generate digital output information,
and a selector to provide feedback information from an output node of one of the
delay elements, and an adjust circuit including switches on circuit paths coupled
to the node, the adjust circuit to control the switches based on the feedback
information.

{0099} In Example 17, the subject matter of Example 16 may optionally
include, wherein the second circuit, the delay circuit, and the adjust circuit are

part of a decision feedback equalizer of the processor,
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in Example 18, the subject matter of Example 17 may optionally include, wherein the
first circuit includes a continuous time linear equalizer.

{00100} In Example 19, the subject matter of Example 18 may optionally
include, wherein the continuous time linear equalizer and the decision feedback
equalizer are part of a data path included in a receiver of the processor.

{00101 In Example 20, the subject matter of Example 19 may optionally
include, wherein a portion of the conductive lines is configured to carry at least
one clock signal associated with the input signal from the memory device toa
clock path of the processor, and the data path includes a path delay component to
provide a time delay such that a time delay of the data path maiches the time
delay of the clock path.

{00102] Example 21 includes subject roatter (such as a method of
operating a device, an electronic apparatus {e.g., circuit, electronic system, or
both), or a machine) including receiving input signals, equalizing the input
signals to generate equalized signals at nodes of a decision feedback equalizer,
generating digital input information based on the equalized signals, delaying the
digital input information to generate digital output information, and providing
feedback information based on the digital output information for controlling
currents on circuit paths between nodes and a ground connection.

{00103 In Example 22, the subject matter of Example 21 may optionally
include, wherein generating the digital input information and the digital output
information is performed at the decision feedback equalizer without using a
clock signal associated with the input signals.

100104} In Example 23, the subject matter of any of Example 21 or 22
may optionally include, wherein delaying the digital input information 1ncludes
providing a time delay such that a loop delay of the decision feedback equalizer
is a non-integer multiple of a unit time interval of one of the input signals.
{00105] In Example 24, the subject matter of any of Examples 21 or 22
may optionally include, wherein controlling the currents on the circuit paths
includes selecting a code to control a first switch on a first circuit path among
the circuit paths and a second switch on a second circuit path among the circuit

paths,
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100106} In Example 25, the subject matter of Example 24 may optionally
include, wherein controlling the currents on the circuit paths includes selecting
another code to control a third switch on a third circuit path among the circuit
paths and a fourth switch on a fourth circuit path among the circuit paths.
100107} Example 26 includes subject matter (such as a device, an
electronic apparatus (e.g., circuit, electronic system, or both), or machine)
including means for performing any of the methods of claims 21-25.

{00108] The subject matter of Example 1 through Example 26 may be
combined in any combination.

100109} The above description and the drawings itlustrate some
embodiments to enable those skilled in the art to practice the embodiments of the
invention. Other embodiments may incorporate structural, logical, electrical,
process, and other changes. Examples merely typify possible variations.
Portions and features of some embodiments may be included in, or substituted
for, those of other embodiments. Many other embodiments will be apparent to
those of skill in the art upon reading and understanding the above description.
Therefore, the scope of various embodiments is determined by the appended
claims, along with the full range of equivalents to which such claims are entitled.
100116} The Abstract is provided to allow the reader to ascertain the
nature and gist of the technical disclosure. It 15 submitted with the understanding
that it will not be used to limit or interpret the scope or meaning of the claims.
The following claims are hereby incorporated into the detailed description, with

each claim standing on its own as a separate embodiment.
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CLAIMS

What is claimed is:

I An electronic apparatus comprising:

a first circuit to receive an input signal and generate an equalized signal
to a node;

a second circuit to amplify the equalized signal and generate digital input
information;

a delay circuit including delay elements to apply a time delay to the
digital input information and generate digital output information, and a selector
to provide feedback information from an output node of one of the delay
elements; and

an adjust circuit including switches on circuit paths coupled to the node,

the adjust circuit to control the switches based on the feedback information.

2. The apparatus of claim 1, further comprising a clock path to receive a
clock signal associated with the input signal, wherein the clock signal is

decoupled from the second circuit and the delay circuit.
3. The apparatus of claim 1, wherein the switches inchude a first switch
coupled between the node and a ground connection, and a second switch coupled

between the node and the ground connection.

4. The apparatus of claim 3, wherein the adjust circuit is to store a code

including bits to control the first and second switches.

5. The apparatus of claim 4, wherein the adjust circuit is to select a value of

the code based on the value of the feedback information.
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6. The apparatus of any of claims 1-5, wherein the first circuit, the second
circutt, the delay circuit, and the adpust circuit are part of a data path of the
apparatus, the data path arranged to provide data information, based on the
digital output information, to a latch coupled to the data path, the data path
including a path delay component coupled between the delay circuit and the

fatch to provide a time delay.

7. The apparatus of claim 6, further comprising a clock path coupled to the

fatch, wherein the data path and the clock path have a matched time delay.

8. An electronic apparatus comprising:

a linear equalizer to receive input signals and generate equalized signals;
and

a decistion feedback equalizer including nodes to receive the equalized
signals, a circuit to amplify the equalized signals to generate digital input
information, a delay circuit including delay elements to apply a time delay to the
digital input information and generate digital output information, and a feedback
foop to control an amount of current on circuit paths between the nodes and a
ground connection based on feedback information provided from the delay

circuit.

9. The apparatus of claim 8, wherein the decision feedback equalizer is
included in a receiver, and the decision feedback equalizer 1s configured to
decouple a clock signal, received at the receiver, from the delay circuit and from

a circuit of the DFE that generates the digital input information.
10.  The apparatus of claim 8 or 9, wherein the delay circuit includes a

selector to provide the feedback information from an cutput node of one of the

delay elements of the delay circuit.
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Pl The apparatus of claim 8 or 9, wherein the delay circuit ts configured,
such that the time delay applied by the delay circuit s equal to X times T, where
X is greater than one and is a non-integer, and T is equal to one unit interval of

the input signals.

W

12, The apparatus of any of claims 8, wherein the nodes include a first node
and a second node, and the DFE includes:
a first switch coupled between the first node and a ground connection;
a second switch coupled between the second node and the ground
10 connection; and
a memory component to store a code to control the first and second

switches.

13, The apparatus of claim 12, wherein the first and second switches are

1S controlled by bits of the code, and the bits have complementary values.

14.  The apparatus of claim 13, wherein the DFE includes:
a third switch coupled between the first node and a ground connection;
and
20 a fourth switch coupled between the second node and the ground
connection; and
an additional memory component to store an additional code to control

the third and fourth switches.
25 15 The apparatus of claim 14, wherein the third and fourth switches are

controlled by bits of the additional code, and the bits have complementary

values.
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6. An glectronic system comprising:
conductive lines on a circuit board;
a memory device coupled to the conductive lines; and
a processor coupled to the conductive lines, the processor including:

a first circuit to receive an input signal and generate an equalized
signal to a node;

a second circuit to amplify the equalized sigoal and generate digital
input information;

a delay circuit including delay elements to apply a time delay to the
digital input information and generate digital output information, and a selector
to provide feedback information from an output node of one of the delay
elements; and

an adjust circuit including switches on circuit paths coupled to the

node, the adjust circuit to control the switches based on the feedback

information.
17.  The electronic system of claim 16, wherein the second circuit, the delay

circuit, and the adjust circuit are part of a decision feedback equalizer of the

PTroCessor.

18.  The electronic system of claim 17, wherein the first circuit includes a

continuous time Hnear equalizer.

19, The electronic system of claim 18, wherein the continuous time linear
equalizer and the decision feedback equalizer are part of a data path included in

a recetver of the processor.

20.  The electronic system of claim 19, wherein a portion of the conductive
lines is configured to carry at feast one clock signal associated with the input
signal from the memory device to a clock path of the processor, and the data
path includes a path delay component to provide a time delay such that a time

delay of the data path matches the time delay of the clock path.
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21, A method of operating a receiver, the method comprising:

recetving input signals;

equalizing the input signals to generate equalized signals at nodes of a
decision feedback equalizer;

generating digital input information based on the equalized signals;

delaying the digital input information to generate digital cutput
information; and

providing feedback information based on the digital cutput information

for controlling currents on circuit paths between nodes and a ground connection.

22. The method of claim 21, wherein generating the digital input information
and the digital output information is performed at the decision feedback

equalizer without using a clock signal associated with the input signals.

23. The method of claim 21 or 22, wherein delaying the digital input
information includes providing a time delay such that a foop delay of the
decision feedback equalizer is a non-integer multiple of a unit time interval of

one of the input signals.

24, The method of claim 21 or 22, wherein controlling the currents on the
circuit paths includes selecting a code to control a first switch on a first circuit
path armong the circuit paths and a second switch on a second circuit path among

the circuit paths.

25.  The electronic apparatus comprising means for performing any of the

methods of claims 21-24.
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