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(57) An apparatus for interpolating between a first
signal edge and a second signal edge is provided. The
apparatus includes a plurality of interpolation cells cou-
pled to a common node. At least one of the plurality of
interpolation cells is configured to supply, based on a
control word, the first signal edge and/or the second sig-

nal edge to the common node. Further, the apparatus
includes a control circuit configured to activate all of the
plurality interpolation cells in a first mode of operation,
and to deactivate part of the plurality of interpolation cells
in a second mode of operation.



EP 3 340 470 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Field

[0001] Examples relate to phase interpolation. In par-
ticular, examples relate to an apparatus for interpolating
between a first signal edge and a second signal edge, a
method for controlling an apparatus for interpolating be-
tween a first signal edge and a second signal edge, and
an interpolation cell for a digital-to-time converter.

Background

[0002] Digital-to-Time Converters (DTC) apply a
phase shift/time delay on the edges of an incoming clock
signal. DTCs are, e.g., used in modem highly efficient all
digital polar transmitter architectures, or in clocking sys-
tems. In digital polar transmitter architectures, DTCs en-
able inter alia very wideband modulation compared to
two point modulation architectures. In clocking systems,
DTCs enable clock frequency transitions within a single
clock cycle, which provide further power consumption
optimization for processing units.
[0003] Two important indicators for DTC performance
are the resolution of the delay shift, which is determined
by the number of digital control bits, and the phase noise
added to the generated output signal (e.g. including ther-
mal noise and jitter). Depending on the application, it may
be desired to achieve low phase noise while providing
high resolution. This may result in higher power con-
sumption. In some applications, high delay resolution
may be required not all the time and, e.g., depend on the
system’s operating conditions. In such systems, using a
full performance DTC may be a show stopper for using
the technology since it may result in a non-competitive
power consumption in some of the system scenarios.
[0004] Hence, there may be a desire for an improved
phase interpolation concept.

Brief description of the Figures

[0005] Some examples of apparatuses and/or meth-
ods will be described in the following by way of example
only, and with reference to the accompanying figures, in
which

Fig. 1 illustrates an example of an apparatus for in-
terpolating between a first signal edge and a second
signal edge;

Fig. 2 illustrates an example of a DTC;

Fig. 3 illustrates an example of an interpolation cell
for a DTC;

Fig. 4 illustrates another example of an interpolation
cell for a DTC;

Fig. 5 illustrates still another example of an interpo-
lation cell for a DTC;

Fig. 6 illustrates an example of a user equipment
comprising an apparatus for interpolating between
a first signal edge and a second signal edge; and

Fig. 7 illustrates a flowchart of an example of a meth-
od for controlling an apparatus for interpolating be-
tween a first signal edge and a second signal edge.

Detailed Description

[0006] Various examples will now be described more
fully with reference to the accompanying drawings in
which some examples are illustrated. In the figures, the
thicknesses of lines, layers and/or regions may be exag-
gerated for clarity.
[0007] Accordingly, while further examples are capa-
ble of various modifications and alternative forms, some
particular examples thereof are shown in the figures and
will subsequently be described in detail. However, this
detailed description does not limit further examples to
the particular forms described. Further examples may
cover all modifications, equivalents, and alternatives fall-
ing within the scope of the disclosure. Like numbers refer
to like or similar elements throughout the description of
the figures, which may be implemented identically or in
modified form when compared to one another while pro-
viding for the same or a similar functionality.
[0008] It will be understood that when an element is
referred to as being "connected" or "coupled" to another
element, the elements may be directly connected or cou-
pled or via one or more intervening elements. If two ele-
ments A and B are combined using an "or", this is to be
understood to disclose all possible combinations, i.e. only
A, only B as well as A and B. An alternative wording for
the same combinations is "at least one of A and B". The
same applies for combinations of more than 2 Elements.
[0009] The terminology used herein for the purpose of
describing particular examples is not intended to be lim-
iting for further examples. Whenever a singular form such
as "a", "an" and "the" is used and using only a single
element is neither explicitly or implicitly defined as being
mandatory, further examples may also use plural ele-
ments to implement the same functionality. Likewise,
when a functionality is subsequently described as being
implemented using multiple elements, further examples
may implement the same functionality using a single el-
ement or processing entity. It will be further understood
that the terms "comprises," "comprising," "includes"
and/or "including," when used, specify the presence of
the stated features, integers, steps, operations, process-
es, acts, elements and/or components, but do not pre-
clude the presence or addition of one or more other fea-
tures, integers, steps, operations, processes, acts, ele-
ments, components and/or any group thereof.
[0010] Unless otherwise defined, all terms (including
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technical and scientific terms) are used herein in their
ordinary meaning of the art to which the examples belong.
[0011] In the following, various examples relate to de-
vices (e.g. cell phone, base station) or components (e.g.
transmitter, transceiver) of devices used in wireless or
mobile communications systems. A mobile communica-
tion system may, for example, correspond to one of the
mobile communication systems standardized by the 3rd
Generation Partnership Project (3GPP), e.g. Global Sys-
tem for Mobile Communications (GSM), Enhanced Data
rates for GSM Evolution (EDGE), GSM EDGE Radio Ac-
cess Network (GERAN), High Speed Packet Access
(HSPA), Universal Terrestrial Radio Access Network
(UTRAN) or Evolved UTRAN (E-UTRAN), LTE or LTE-
Advanced (LTE-A), or mobile communication systems
with different standards, e.g. Worldwide Interoperability
for Microwave Access (WIMAX) IEEE 802.16 or Wireless
Local Area Network (WLAN) IEEE 802.11, generally any
system based on Time Division Multiple Access (TDMA),
Frequency Division Multiple Access (FDMA), Orthogonal
Frequency Division Multiple Access (OFDMA), Code Di-
vision Multiple Access (CDMA), etc. The terms mobile
communication system and mobile communication net-
work may be used synonymously.
[0012] The mobile communication system may com-
prise a plurality of transmission points or base station
transceivers operable to communicate radio signals with
a mobile transceiver. In these examples, the mobile com-
munication system may comprise mobile transceivers,
relay station transceivers and base station transceivers.
The relay station transceivers and base station transceiv-
ers can be composed of one or more central units and
one or more remote units.
[0013] A mobile transceiver or mobile device may cor-
respond to a smartphone, a cell phone, User Equipment
(UE), a laptop, a notebook, a personal computer, a Per-
sonal Digital Assistant (PDA), a Universal Serial Bus
(USB) -stick, a tablet computer, a car, etc. A mobile trans-
ceiver or terminal may also be referred to as UE or user
in line with the 3GPP terminology. A base station trans-
ceiver can be located in the fixed or stationary part of the
network or system. A base station transceiver may cor-
respond to a remote radio head, a transmission point, an
access point, a macro cell, a small cell, a micro cell, a
pico cell, a femto cell, a metro cell etc. The term small
cell may refer to any cell smaller than a macro cell, i.e.
a micro cell, a pico cell, a femto cell, or a metro cell.
Moreover, a femto cell is considered smaller than a pico
cell, which is considered smaller than a micro cell. A base
station transceiver can be a wireless interface of a wired
network, which enables transmission and reception of
radio signals to a UE, mobile transceiver or relay trans-
ceiver. Such a radio signal may comply with radio signals
as, for example, standardized by 3GPP or, generally, in
line with one or more of the above listed systems. Thus,
a base station transceiver may correspond to a NodeB,
an eNodeB, a BTS, an access point, etc. A relay station
transceiver may correspond to an intermediate network

node in the communication path between a base station
transceiver and a mobile station transceiver. A relay sta-
tion transceiver may forward a signal received from a
mobile transceiver to a base station transceiver, signals
received from the base station transceiver to the mobile
station transceiver, respectively.
[0014] The mobile communication system may be cel-
lular. The term cell refers to a coverage area of radio
services provided by a transmission point, a remote unit,
a remote head, a remote radio head, a base station trans-
ceiver, relay transceiver or a NodeB, an eNodeB, respec-
tively. The terms cell and base station transceiver may
be used synonymously. In some examples a cell may
correspond to a sector. For example, sectors can be
achieved using sector antennas, which provide a char-
acteristic for covering an angular section around a base
station transceiver or remote unit. In some examples, a
base station transceiver or remote unit may, for example,
operate three or six cells covering sectors of 120° (in
case of three cells), 60° (in case of six cells) respectively.
Likewise a relay transceiver may establish one or more
cells in its coverage area. A mobile transceiver can be
registered or associated with at least one cell, i.e. it can
be associated to a cell such that data can be exchanged
between the network and the mobile in the coverage area
of the associated cell using a dedicated channel, link or
connection. A mobile transceiver may hence register or
be associated with a relay station or base station trans-
ceiver directly or indirectly, where an indirect registration
or association may be through one or more relay trans-
ceivers.
[0015] Fig. 1 illustrates an apparatus 100 for interpo-
lating between a first signal edge and a second signal
edge. The apparatus 100 includes a plurality of interpo-
lation cells 120-1, 120-2, ..., 120-n coupled to a common
node 130. At least one of the plurality of interpolation
cells 120-1, 120-2, ..., 120-n is configured to supply,
based on a control word, the first signal edge and/or the
second signal edge to the common node 130. Further,
the apparatus includes a control circuit 110 configured
to activate all of the plurality interpolation cells 120-1,
120-2, ..., 120-n in a first mode of operation, and config-
ured to deactivate part of the plurality of interpolation cells
120-1, 120-2, ..., 120-n in a second mode of operation.
[0016] The apparatus 100 may allow a trade-off be-
tween an interpolation resolution and a power consump-
tion of the apparatus. While in the first mode of operation
a highest interpolation resolution may be achieved, the
interpolation resolution may be reduced in the second
mode of operation. However, also the power consump-
tion of the apparatus 100 may be reduced in the second
mode of operation.
[0017] The plurality of interpolation cells 120-1,
120-2, ..., 120-n may receive the first and the second
signal edge. Based on the control word, the at least one
of the plurality of interpolation cells 120-1, 120-2, ..., 120-
n is controlled to supply the first signal edge and/or the
second signal edge to the common node 130. That is,
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the at least one of the plurality of interpolation cells 120-1,
120-2, ..., 120-n may allow an interpolation with a reso-
lution which is equal to half the timely distance between
the first and the second signal edge.
[0018] The resolution of the interpolation between the
first signal edge and the second signal edge at the com-
mon node 130 may be determined by the number of in-
terpolation cells supplying the first signal edge and/or the
second signal edge to the common node 130. It is evident
that the resolution increases for an increasing number of
interpolation cells supplying the first signal edge and/or
the second signal edge to the common node 130. That
is, based on the number of deactivated interpolation cells,
the interpolation resolution at the common node 130 may
be reduced for the benefit of reduced power consumption
of the apparatus 100. In this respect, the part of the plu-
rality of interpolation cells 120-1, 120-2, ..., 120-n which
is deactivated in the second mode of operation may com-
prise any number of interpolation cells between 1 and n-
1 if the plurality of interpolation cells comprises n inter-
polation cells.
[0019] Hence, the control circuit 110 may in some ex-
amples be configured to deactivate the part of the plurality
of interpolation cells 120-1, 120-2, ..., 120-n in the second
mode of operation based on a desired resolution of the
interpolation between the first signal edge and the sec-
ond signal edge. Accordingly, a minimum power con-
sumption of the apparatus 100 for the desired resolution
of the interpolation may be achieved.
[0020] In some examples, an output inverter (not illus-
trated) may be coupled between the common node 130
and an output node (not illustrated) of the apparatus. The
output inverter may be configured to supply an output
signal edge to the output node based on the first and/or
second signal edges supplied to the common node 130
by activated interpolation cells of the plurality of interpo-
lation cells 120-1, 120-2, ..., 120-n.
[0021] The apparatus 100 may in some examples com-
prise a frequency divider circuit (not illustrated) config-
ured to generate a second oscillation signal and a third
oscillation signal based on a first oscillation signal. The
second oscillation signal is synchronized with a first edge
of the first oscillation signal, wherein the third oscillation
signal is synchronized with a second edge of the first
oscillation signal. For example, the first edge of the first
oscillation signal may be a rising edge of the first oscil-
lation signal, whereas the second edge of the first oscil-
lation signal may be a falling edge of the first oscillation
signal. The rising and the falling edge of the first oscilla-
tion signal may belong to the same oscillation period of
the first oscillation signal. The frequency divider circuit
may, e.g., comprise a Multi-Modulus Divider (MMD) for
generating the second oscillation signal and the third os-
cillation signal. That is, frequencies of the second oscil-
lation signal and the third oscillation signal may be lower
than a frequency of the first oscillation signal.
[0022] Further, the apparatus 100 may comprise a
sample circuit (not illustrated) configured to generate the

first signal edge by sampling the second oscillation signal
based on the first edge of the first oscillation signal, and
to generate the second signal edge by sampling the third
oscillation signal based on the second edge of the first
oscillation signal. The sample circuit may, e.g., comprise
a flip-flop circuit for generating the first and second signal
edges. In some examples, the first and second signal
edges may correspond to rising and falling signal edges
of the first oscillation signal. For example, the first signal
edge and the second signal edge may be timely sepa-
rated by one half of an oscillation period of the first os-
cillation signal.
[0023] In some examples, the control circuit 110 may
be configured to deactivate the sample circuit in the sec-
ond mode of operation. If one or more interpolation cells
which are supplied with the first and second signal edges
by the sample circuit are deactivated in the second mode
of operation, generation of the first and second signal
edges is not required. Accordingly, deactivating the sam-
ple circuit may allow to save further power. Furthermore,
leakage into the deactivated interpolation cells may be
avoided.
[0024] Further, the plurality of interpolation cells 120-1,
120-2, ..., 120-n may be configured to supply either the
first signal edge or the second signal edge to the common
node 130, respectively. This may allow facilitated oper-
ation of a control path supplying the control word to the
apparatus 100. In other words, further saving may be
achieved in the digital path by further fixing the first in-
terpolator to either the first input or the second input,
which may result in eliminating one more bit on the ex-
pense of larger Integral Non-Linearity (INL).
[0025] The plurality of interpolation cells 120-1,
120-2, ..., 120-n may, e.g., be grouped in a plurality of
interpolation cell rows. The part of the plurality of inter-
polation cells, which is deactivated in the second mode
of operation, may correspond to at least one of the plu-
rality of cell rows. The grouping of the plurality of inter-
polation cells 120-1, 120-2, ..., 120-n in interpolation cell
rows may allow facilitated control of the resolution of the
interpolation between the first and the second signal
edge. For example, deactivating the interpolation cells
of one interpolation cell row may allow to decrease the
resolution by one bit.
[0026] The sample circuit of the apparatus 100 may,
e.g., generate the first signal edge and the second signal
edge for one of the plurality of interpolation cell rows. A
second sample circuit of the apparatus 100 may generate
the first signal edge and the second signal edge for an-
other one of the plurality of interpolation cell rows. An
output node of the sample circuit may be coupled to a
second output node of the second sample circuit. This
may allow to improve array the driving capabilities and
the synchronization between the sample circuits.
[0027] For example, the apparatus 100 may comprises
a separate sample circuit for each interpolation cell row.
Alternatively, the apparatus 100 may comprise a plurality
of sample circuits, wherein one of the plurality of sample
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circuit may generate the first signal edge and the second
signal edge for one or more of the plurality of interpolation
cell rows. If the interpolation cells of one of plurality of
interpolation cell rows are deactivated in the second
mode of operation, the associated sample circuit may
also be deactivated. This may allow to reduce the power
consumption of the apparatus 100 and to prevent leak-
age into the deactivated interpolation cells.
[0028] Generally speaking, some examples relate to
means for interpolating between a first signal edge and
a second signal edge. The means for interpolating com-
prises a plurality of cellular means coupled to a common
node. At least one of the plurality of cellular means is
configured to supply, based on a control word, the first
signal edge and/or the second signal edge to a common
node of the means for interpolating. Further the means
for interpolating comprises a means for activating all of
the plurality cellular means in a first mode of operation,
and for deactivating part of the plurality of cellular means
in a second mode of operation.
[0029] The plurality of cellular means may, e.g., be
grouped in a plurality of rows, wherein the part of the
plurality of cellular means corresponds to at least one of
the plurality of rows.
[0030] The means for interpolating between a first sig-
nal edge and a second signal edge may be implemented
by an apparatus for interpolating between a first signal
edge and a second signal edge described above or below
(e.g. Fig. 1). The plurality of cellular means may be im-
plemented by a plurality of interpolation cells described
above or below (e.g. Fig. 1). The means for activating all
of the plurality interpolation cells in a first mode of oper-
ation, and for deactivating part of the plurality of interpo-
lation cells in a second mode of operation may be imple-
mented by a control circuit described above or below
(e.g. Fig. 1).
[0031] A DTC 200 using an apparatus for interpolating
between a first signal edge and a second signal according
to one or more aspects of the proposed concept is illus-
trated in Fig. 2.
[0032] The DTC 200 comprises a plurality of interpo-
lation cells 220 grouped in a plurality of interpolation cell
rows 221, 222, 223, 224. In the example illustrated in Fig.
2, 32 interpolation cells are organized in four interpolation
cell rows and eight interpolation cell columns. It is to be
noted, that in general any number of interpolation cells,
any number of interpolation cell rows, and any number
of interpolation cell columns may be used.
[0033] Based on a first oscillation signal, the MMD 210
may provide second and third oscillation signals to the
flip-flop circuits 241, 242, 243, and 244 which supply the
various interpolation cell rows 221, 222, 223, 224 with
the first and second signal edges. Each interpolation cell
row is driven by a respective flip-flop circuit.
[0034] In order to control a resolution of the interpola-
tion between the first and the second signal edge, single
rows of the plurality of interpolation cell rows 221, 222,
223, 224 may be activated or deactivated. For example,

if all interpolation cell rows are activated, a 5 bit resolution
may be achieved (since 25 interpolation cells are activat-
ed). If the interpolation cell rows 221 and 222 are deac-
tivated, a 4 bit resolution may be achieved (since 24 in-
terpolation cells are activated).). If the interpolation cell
rows 221, 222 and 223 are deactivated, a 3 bit resolution
may be achieved (since 23 interpolation cells are activat-
ed). If further half of the cells of interpolation cell row 224
are deactivated, a 2 bit resolution may be achieved (since
22 interpolation cells are activated).
[0035] In other words, the plurality of interpolation cells
220 may be grouped in a plurality of interpolation cell
rows 221, 222, 223, 224, wherein the part of the plurality
of interpolation cells, which is deactivated in the second
mode of operation, corresponds to at least one of the
plurality of cell rows 221, 222, 223, 224.
[0036] The one or more of the flip-flop circuits 241, 242,
243, 244 may additionally be deactivated, if their asso-
ciated interpolation cell row is deactivated. This may al-
low further power reduction of the DTC 200. The deacti-
vation of the flip-flop circuits may further prevent leakage
into the deactivated interpolation cells.
[0037] Optionally, switches 251, 252 may be provided
between outputs of the flip-flop circuits 241, 242, 243,
244 in order to improve array driving capabilities and syn-
chronization when more interpolation cells are activated.
[0038] In other words, Fig. 2 may exhibit a top level
topology view of a configurable DTC. As illustrated, a 32
cell array may be organized in 4 rows and 8 columns.
The array rows may be controlled by the Most Significant
Bit (MSB) of a control word. The array may be split into
groups as shown (16/8/8 cells). The MMD re-sampling
flip-flop circuits (with drivers) may be organized to drive
each cell group. Each group may, e.g., be controlled by
a respective ON/OFF signal that allows to turn it on or
off and, thus, reduce 1 bit at a time from the cell array.
The flip-flop circuits may also be turned on/off with the
same signals, respectively, to allow further power reduc-
tion as the array cells are turned off. The flip-flop circuit
turn-off may also eliminate any possible leakage in the
turned-off cells. Additional parallel switches may be con-
nected between the flip-flop circuit outputs to improve
array driving capabilities and synchronization as more
cells are turned on. That is, Fig. 2 may illustrate a new
reconfigurable DTC topology, which enables delay res-
olution vs. power consumption trade-off. The proposed
solution may enable power consumption vs. delay reso-
lution trade-off with the same design, while previous so-
lutions allowed only for a maximum power depending on
the highest delay resolution needed.
[0039] An interpolation cell 300 for a DTC, an appara-
tus for interpolation between a first signal edge and a
second signal edge, or a phase interpolator is illustrated
in Fig. 3. The interpolation cell is configured to receive a
first signal edge 311 and a second signal edge 321. The
interpolation cell 300 comprises a first inverter circuit 310
configured to generate inverted first signal edges 314,
315 based on the first signal edge 311, a first selection
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signal 312 and a second selection signal 313. Further,
interpolation cell 300 comprises a second inverter circuit
320 configured to generate inverted second signal edges
324, 325 based on the second signal edge 321, a third
selection 322 signal and a fourth selection signal 323.
The interpolation cell 300 also comprises an activation
circuit 330 coupled to the first inverter circuit 310 and the
second inverter circuit 320. The activation circuit 330 is
configured to decouple the first inverter circuit 310 and
the second inverter circuit 320 from an output inverter
340 of the interpolation cell 300 based on a first activation
signal 331 and a second activation signal 332.
[0040] The interpolation cell 300 may allow to interpo-
late between the first signal edge 311 and the second
signal edge 321 if the interpolation cell 300 is activated
(e.g. the first inverter circuit 310 and the second inverter
circuit 320 may be coupled to the output inverter 340).
Additionally, the interpolation cell 300 may be deactivat-
ed by the activation circuit 330 by decoupling the first
inverter circuit 310 and the second inverter circuit 320
from the output inverter 340 of the interpolation cell 300
based on the first activation signal 331 and the second
activation signal 332.
[0041] If the interpolation cell 300 is used in a phase
interpolator, a DTC, or an apparatus for interpolation be-
tween the first signal edge and the second signal edge,
and if the interpolation cell 300 is deactivated, its power
consumption may be eliminated and further a high im-
pedance (high-Z) output may be presented to a common
node of the phase interpolator, the DTC, or the apparatus
for interpolation between the first signal edge and the
second signal edge (to which all interpolation cells are
coupled). Accordingly, the interpolation at the common
node may be not influenced by the interpolation cell 300.
That is, deactivating one or more of the interpolations
cell 300, may allow a trade-off between an interpolation
resolution and a power consumption of the phase inter-
polator, the DTC or the apparatus for interpolation be-
tween the first signal edge and the second signal edge.
[0042] The first activation signal 331 and the second
activation signal 332 may indicate a desired activation or
deactivation of the interpolation cell 300. For example,
the first activation signal 331 and the second activation
signal 332 may be inverted.
[0043] The first inverter circuit 310 inverts the input first
signal edge 311 on the basis of the first selection signal
312 and the second selection signal 313 in order to gen-
erate the inverted first signal edges 314, 315, and to sup-
ply them to the activation circuit 330. Similarly, the second
inverter circuit 320 inverts the input second signal edge
321 on the basis of the third selection signal 322 and the
fourth selection signal 323 in order to generate the in-
verted second signal edges 324, 325, and to supply them
to the activation circuit 330.
[0044] The first selection signal 312, the second selec-
tion signal 313, the third selection signal 322 and/or the
fourth selection signal 323 may, e.g., be based on a con-
trol word for the DTC, the apparatus for interpolation be-

tween the first signal edge and the second signal edge,
or the phase interpolator. For example, the first selection
signal 312 and the second selection signal 313 may be
inverted. Similarly, the third selection signal 322 and the
fourth selection signal 323 may be inverted.
[0045] Generally speaking, some examples relate to a
cellular interpolation means for a DTC or a phase inter-
polator. The cellular interpolation means is configured to
receive a first signal edge and a second signal edge. The
cellular interpolation means comprises a means for gen-
erating inverted first signal edges based on the first signal
edge, a first selection signal and a second selection sig-
nal. Further, the cellular interpolation means comprises
a means for generating inverted second signal edges
based on the second signal edge, a third selection signal
and a fourth selection signal. The cellular interpolation
means comprises also a means for decoupling the
means for generating inverted first signal edges and/or
the means for generating inverted second signal edges
from an output inversion means of the cellular interpola-
tion means based on a first activation signal and a second
activation signal. The means for coupling is coupled to
the means for generating inverted first signal edges and
the means for generating inverted second signal edges.
[0046] The first selection signal, the second selection
signal, the third selection signal and/or the fourth selec-
tion signal may be based on a control word for the DTC,
or the phase interpolator.
[0047] The cellular interpolation means may be imple-
mented by an interpolation cell described above or below
(e.g. Fig. 3). The means for generating inverted first sig-
nal edges may be implemented by a first inverter circuit
described above or below (e.g. Fig. 3). The means for
generating inverted second signal edges may be imple-
mented by a second inverter circuit described above or
below (e.g. Fig. 3). The means for decoupling the means
for generating inverted first signal edges and/or the
means for generating inverted second signal edges to
an output inversion means may be implemented by an
activation circuit described above or below (e.g. Fig. 3).
[0048] More detailed implementations of interpolation
cells which are based on the interpolation cell 300 are
illustrated in Figs. 4 and 5. Fig. 4 illustrates an interpola-
tion cell 400. The interpolation cell 400 comprises a first
inverter circuit 410 and a second inverter circuit 420.
[0049] The first inverter circuit 410 comprises a first
transistor 415 and a second transistor 416 of a first con-
ductivity type (e.g. p-type) which are coupled in series.
The first transistor 415 is configured to receive the first
signal edge 411 at a first control terminal 415-1 (e.g. gate
terminal). The second transistor 416 is configured to re-
ceive the first selection signal 412 at a second control
terminal 416-1 (e.g. gate terminal). A terminal 415-2 of
the first transistor 415 is coupled to a defined potential.
[0050] The first inverter circuit 410 further comprises
a third transistor 417 and a fourth transistor 418 of a dif-
ferent second conductivity type (e.g. n-type) which are
coupled in series. The third transistor 417 is configured
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to receive the first signal edge 411 at a third control ter-
minal 417-1 (e.g. gate terminal). The fourth transistor 418
is configured to receive the second selection signal 413
at a fourth control terminal 418-1 (e.g. gate terminal). A
terminal 417-2 of the third transistor 417 is coupled to a
defined potential (e.g. ground).
[0051] The first selection signal 412 and the second
selection signal 413 are inverted.
[0052] The first transistor 415 and the second transis-
tor 416 provide the first signal edge at a terminal 416-2
of the second transistor 416 based on the input first signal
edge 411 and the first selection signal 412.
[0053] The third transistor 417 and the fourth transistor
418 provide the first signal edge at a terminal 418-2 of
the fourth transistor 418 based on the input first signal
edge 411 and the second selection signal 413.
[0054] The second inverter circuit 420 comprises a fifth
transistor 425 and a sixth transistor 426 of the first con-
ductivity type which are coupled in series. The fifth tran-
sistor 425 is configured to receive the second signal edge
421 at a fifth control terminal 425-1 (e.g. gate terminal).
The sixth transistor 426 is configured to receive the third
selection signal 422 at a sixth control terminal 426-1 (e.g.
gate terminal). A terminal 425-2 of the fifth transistor 425
is coupled to a defined potential.
[0055] The second inverter circuit 420 further compris-
es a seventh transistor 427 and an eighth transistor 428
of the second conductivity type which are coupled in se-
ries. The seventh transistor 427 is configured to receive
the second signal edge 421 at a seventh control terminal
427-1 (e.g. gate terminal). The eighth transistor 428 is
configured to receive the fourth selection signal 423 at
an eighth control terminal 428-1 (e.g. gate terminal). A
terminal 427-2 of the seventh transistor 427 is coupled
to a defined potential (e.g. ground).
[0056] The third selection signal 422 and the fourth se-
lection signal 423 are inverted.
[0057] The fifth transistor 425 and the sixth transistor
426 provide the second signal edge at a terminal 426-2
of the sixth transistor 426 based on the input second sig-
nal edge 421 and the third selection signal 422.
[0058] The seventh transistor 427 and the eighth tran-
sistor 428 provide the second signal edge at a terminal
428-2 of the eighth transistor 428 based on the input sec-
ond signal edge 421 and the fourth selection signal 423.
[0059] The interpolation cell 400 further comprises an
activation circuit 430 coupled to the first inverter circuit
410 (e.g. to terminal 416-2 of the second transistor 416,
and to terminal 418-2 of the fourth transistor 418) and
the second inverter circuit 420 (e.g. to terminal 426-2 of
the sixth transistor 426, and to terminal 428-2 of the
eighth transistor 428). The activation circuit 430 is con-
figured to decouple the first inverter circuit 410 and the
second inverter circuit 420 from an output inverter 440
of the interpolation cell 400 based on a first activation
signal 431 and a second activation signal 432. On the
contrary, the activation circuit 430 may allow to couple
the first inverter circuit 410 and the second inverter circuit

420 to the output inverter 440.
[0060] If the activation circuit 430 is set to an active
mode, first signal edges from the first inverter circuit 410
and/or second signal edges from the second inverter cir-
cuit 420 may be supplied to the output inverter 440 (de-
pending on the first to fourth selection signals 412, 413,
422, 423). If the activation circuit 430 is set to an inactive
mode, no signal edges may be supplied to the output
inverter 440.
[0061] The activation circuit 430 comprises a ninth
transistor 433 and a tenth transistor 434 of the first con-
ductivity type which are coupled in series. The ninth tran-
sistor 433 and a tenth transistor 434 are coupled to the
second transistor 416 (e.g. to terminal 416-2 of the sec-
ond transistor 416) and the sixth transistor 426 (e.g. to
terminal 426-2 of the sixth transistor 426). Further, the
ninth transistor 433 is configured to receive the first ac-
tivation signal 431 at a ninth control terminal 433-1 (e.g.
gate terminal). The tenth transistor 434 is configured to
receive the second activation signal 432 at a tenth control
terminal 434-1 (e.g. gate terminal).
[0062] The activation circuit 430 further comprises an
eleventh transistor 435 and a twelfth transistor 436 of the
second conductivity type. The eleventh transistor 435
and the twelfth transistor 436 are coupled in series to the
ninth transistor 433 and the tenth transistor 434. Further,
the eleventh transistor 435 and the twelfth transistor 436
are coupled to the fourth transistor 418 (e.g. to terminal
418-2 of the fourth transistor 418) and the eighth transis-
tor 428 (e.g. to terminal 428-2 of the eighth transistor
428). The eleventh transistor 435 is configured to receive
the first activation signal 431 at an eleventh control ter-
minal 435-1 (e.g. gate terminal). The twelfth transistor
436 is configured to receive the second activation signal
432 at a twelfth control terminal 436-1 (e.g. gate terminal).
[0063] The transistors of the activation circuit 430 are
coupled between two defined potentials.
[0064] The first activation signal 431 and the second
activation signal 432 are inverted. The first activation sig-
nal 431 and the second activation signal 432 indicate a
desired activation or deactivation of the interpolation cell.
[0065] The output inverter 440 comprises a thirteenth
transistor 441 of the first conductivity type which is cou-
pled in series with a fourteenth transistor 442 of the sec-
ond conductivity type. The thirteenth transistor 441 and
the fourteenth transistor 442 are coupled between two
de-fined potentials. A thirteenth control terminal 441-1
(e.g. gate terminal) of the thirteenth transistor 441 is cou-
pled to the second transistor 416 (e.g. to terminal 416-2
of the second transistor 416) and the sixth transistor 426
(e.g. to terminal 426-2 of the sixth transistor 426) via the
activation circuit 430. A fourteenth control terminal 442-1
(e.g. gate terminal) of the fourteenth transistor 442 is cou-
pled to the fourth transistor 418 (e.g. to terminal 418-2
of the fourth transistor 418) and the eighth transistor 428
(e.g. to terminal 428-2 of the eighth transistor 428) via
the activation circuit 430.
[0066] The output invert 440 may provide an output
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signal edge of the interpolation cell 400 based on the first
and/or second signal edges supplied to the output invert
440 if the interpolation cell 400 is activated (e.g. first ac-
tivation signal 431 is high, and second activation signal
432 is low). For example, the output signal edge of the
interpolation cell 400 may be the first signal edge, the
second signal, or a combination thereof.
[0067] If the interpolation cell 400 is deactivated (e.g.
first activation signal 431 is low, and second activation
signal 432 is high), the ninth transistor 433 is in a con-
ductive state (i.e. on) and the tenth transistor 434 is in a
non-conductive state (i.e. off). Accordingly, the thirteenth
control terminal 441-1 of the thirteenth transistor 441 is
set to the defined potential (e.g. Vcc) which is supplied
to input terminal 433-2 of the ninth transistor 433. The
thirteenth transistor 441 is therefore in a non-conductive
state. At the same time, the twelfth transistor 436 is in a
conductive state and the eleventh transistor 435 is in a
non-conductive state. Accordingly, the fourteenth control
terminal 442-1 of the fourteenth transistor 442 is set to
the defined potential (e.g. Vss) which is supplied to input
terminal 436-2 of the twelfth transistor 436. The four-
teenth transistor 442 is therefore in a non-conductive
state. Since the thirteenth transistor 441 and the four-
teenth transistor 442 are in a non-conductive state, the
output inverter 440 and, hence, also the interpolation cell
400 presents high impedance at its output.
[0068] Fig. 4 may illustrate a unit cell design for a phase
interpolation cell array that allows to turn off the cell and
to eliminate its power consumption, while presenting a
high impedance output load to remove its influence on a
second interpolation node (common node) to which all
cells of the phase interpolation cell array are coupled.
Beyond disconnecting the cell from supply, presenting
high impedance to the second interpolation node (com-
mon node) may allow to eliminate the impact of the cell
on the interpolation at the second interpolation node
(common node). Fig. 4 may, hence, represent an array
unit cell design with control logic which may allow to turn
off the cell and to provide a high impedance output.
[0069] Fig. 5 illustrates another interpolation cell 500.
Interpolation cell 500 is similar to interpolation cell 400
illustrated in Fig. 4. However, activation circuit 530 of
interpolation cell 500 is different from activation circuit
430 of interpolation cell 400. In the following, only the
different in the activation circuits between interpolation
cell 400 and interpolation cell 500 is described.
[0070] The activation circuit 530 comprises a ninth
transistor 533 of the first conductivity type and a tenth
transistor 534 of the second conductivity type which are
coupled in parallel. Input terminals 533-2, 534-2 of the
ninth transistor 533 and the tenth transistor 534 are cou-
pled to an eleventh transistor 535 of the first conductivity
type. Output terminals 533-3, 534-3 of the ninth transistor
533 and the tenth transistor 534 are coupled to a twelfth
transistor 536 of the second conductivity type.
[0071] The ninth transistor 533 is configured to receive
the second activation signal 432 at a ninth control termi-

nal 533-1 (e.g. gate terminal). The tenth transistor 534
is configured to receive the first activation signal 431 at
a tenth control terminal 534-1 (e.g. gate terminal). The
eleventh transistor 535 is configured to receive the first
activation signal 431 at a ninth control terminal 535-1
(e.g. gate terminal). The twelfth transistor 536 is config-
ured to receive the second activation signal 432 at a
twelfth control terminal 536-1 (e.g. gate terminal).
[0072] The input terminals 533-2, 534-2 of the ninth
transistor 533 and the tenth transistor 534 are further
coupled to the second transistor 416 (e.g. to terminal
416-2 of the second transistor 416) and the sixth transis-
tor 426 (e.g. to terminal 426-2 of the sixth transistor 426).
The output terminals 533-3, 534-3 of the ninth transistor
533 and the tenth transistor 534 are further coupled to
the fourth transistor 418 (e.g. to terminal 418-2 of the
fourth transistor 418) and the eighth transistor 428 (e.g.
to terminal 428-2 of the eighth transistor 428).
[0073] If the interpolation cell 500 is deactivated (e.g.
first activation signal 431 is low, and second activation
signal 432 is high), the eleventh transistor 535 and the
twelfth transistor 536 are in a conductive state (i.e. on).
The ninth transistor 533 and tenth transistor 534 are in
a non-conductive state (i.e. off). Accordingly, the thir-
teenth control terminal 441-1 of the thirteenth transistor
441 is set to the defined potential (e.g. Vcc) which is sup-
plied to input terminal 535-2 of the eleventh transistor
535. The thirteenth transistor 441 is therefore in a non-
conductive state. Accordingly, the fourteenth control ter-
minal 442-1 of the fourteenth transistor 442 is set to the
defined potential (e.g. Vss) which is supplied to input ter-
minal 536-2 of the twelfth transistor 536. The fourteenth
transistor 442 is therefore in a non-conductive state.
Since the thirteenth transistor 441 and the fourteenth
transistor 442 are in a non-conductive state, the output
inverter 440 and, hence, also the interpolation cell 500
present high impedance at its output.
[0074] Hence, also the activation circuit 530 may cou-
ple the first inverter circuit 410 and the second inverter
circuit 420 to the output inverter 440 based on the first
activation signal 431 and the second activation signal
432 if the interpolation cell 500 is activated (e.g. first ac-
tivation signal 431 is high, and second activation signal
432 is low). On the contrary, the activation circuit 530
also allows to decouple the first inverter circuit 410 and
the second inverter circuit 420 from the output inverter
440. If the activation circuit 530 is set to an active mode,
first signal edges from the first inverter circuit 410 and/or
second signal edges from the second inverter circuit 420
may be supplied to the output inverter 440 (depending
on the first to fourth selection signals 412, 413, 422, 423).
If the activation circuit 430 is set to an inactive mode, no
signal edges may be supplied to the output inverter 440.
[0075] In some example, one of the interpolation cells
300, 400 or 500 may be used in the apparatus 100 illus-
trated in Fig. 1, or the DTC 200 illustrated in Fig. 2.
[0076] Some examples may relate to a DTC compris-
ing an apparatus for interpolating between a first signal
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edge and a second signal edge according to one or more
aspects of the proposed concept or one or more exam-
ples described above, or an interpolation cell according
to one or more aspects of the proposed concept or one
or more examples described above.
[0077] An example of an implementation using a DTC
according to one or more aspects of the proposed con-
cept or one or more examples described above is illus-
trated in Fig. 6. Fig. 6 schematically illustrates an example
of a mobile device 600 (e.g. mobile phone, smartphone,
tablet-computer, or laptop) comprising a DTC according
to an example described herein.
[0078] For example, a transmitter 620 may comprise
the DTC 621. Further, the transmitter 620 may comprises
a management circuit 622. The management circuit 622
may be configured to switch the apparatus for interpolat-
ing between a first signal edge and a second signal edge
(which is comprises by the DTC 621) to the second mode
of operation based on a desired resolution of the inter-
polation between the first signal edge and the second
signal edge. A control path 623 of the transmitter 620
may be configured to supply the control word to the DTC
621. The management circuit 622 may then be further
configured to deactivate part of the control path 623
based on a length of the control word. Further power
saving may be achieved by turning off the digital path
driving the control bits, since this may, e.g., be a high
speed interface.
[0079] Further, a receiver 630 may comprise the DTC
631. Further, the receiver 630 may comprises a manage-
ment circuit 632. The management circuit 632 may be
configured to switch the apparatus for interpolating be-
tween a first signal edge and a second signal edge (which
is comprises by the DTC 631) to the second mode of
operation based on a desired resolution of the interpola-
tion between the first signal edge and the second signal
edge. A control path 633 of the receiver 630 may be con-
figured to supply the control word to the DTC 631. The
management circuit 632 may then be further configured
to deactivate part of the control path 633 based on a
length of the control word. Further power saving may be
achieved by turning off the digital path driving the control
bits, since this may, e.g., be a high speed interface.
[0080] An antenna element 610 of the mobile device
600 may be coupled to the transmitter 620, or the receiver
630. To this end, mobile device may be provided enabling
power modes for more efficient power consumption with
regard to a required performance.
[0081] In some examples, a turn off and high imped-
ance output mechanism may be implemented in a cell
array for reduced physical bits.
[0082] In some examples, a driver and MMD output
flip-flop size may be controlled according to effective cell
array number of bits.
[0083] In some examples, the digital path driving the
un-used control bits may be turned off.
[0084] An example of a method 700 for controlling an
apparatus for interpolating between a first signal edge

and a second signal edge is illustrated by means of a
flowchart in Fig. 7. The apparatus comprises a plurality
of interpolation cells, wherein at least one of the plurality
of interpolation cells is configured to supply, based on a
control word, the first signal edge and/or the second sig-
nal edge to the common node. The method 700 compris-
es activating 702 all of the plurality interpolation cells in
a first mode of operation. Further, the method comprises
deactivating 704 part of the plurality of interpolation cells
in a second mode of operation.
[0085] More details and aspects of the method are
mentioned in connection with the proposed concept or
one or more examples described above (e.g. Figs. 1 -
6). The method may comprise one or more additional
optional features corresponding to one or more aspects
of the proposed concept or one or more examples de-
scribed above.
[0086] The examples as described herein may be sum-
marized as follows:

Example 1 is an apparatus for interpolating between
a first signal edge and a second signal edge, com-
prising: a plurality of interpolation cells coupled to a
common node, wherein at least one of the plurality
of interpolation cells is configured to supply, based
on a control word, the first signal edge and/or the
second signal edge to the common node; and a con-
trol circuit configured to activate all of the plurality
interpolation cells in a first mode of operation, and
to deactivate part of the plurality of interpolation cells
in a second mode of operation.

[0087] In example 2, the apparatus of example 1 fur-
ther comprises a frequency divider circuit configured to
generate a second oscillation signal and a third oscillation
signal based on a first oscillation signal, wherein the sec-
ond oscillation signal is synchronized with a first edge of
the first oscillation signal, and wherein the third oscillation
signal is synchronized with a second edge of the first
oscillation signal; and a sample circuit configured to gen-
erate the first signal edge by sampling the second oscil-
lation signal based on the first edge of the first oscillation
signal, and to generate the second signal edge by sam-
pling the third oscillation signal based on the second edge
of the first oscillation signal.
[0088] In example 3, the sample circuit in the apparatus
of example 2 comprises a flip-flop circuit.
[0089] In example 4, the first signal edge and the sec-
ond signal edge in the apparatus of example 2 or example
3 are timely separated by one half of an oscillation period
of the first oscillation signal.
[0090] In example 5, the frequency divider circuit in the
apparatus of any of examples 2 to 4 comprises a multi-
modulus divider.
[0091] In example 6, the control circuit in the apparatus
of any of examples 2 to 5 is configured to deactivate the
sample circuit in the second mode of operation.
[0092] In example 7, the plurality of interpolation cells
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in the apparatus of any of examples 2 to 6 are grouped
in a plurality of interpolation cell rows, wherein the part
of the plurality of interpolation cells corresponds to at
least one of the plurality of cell rows.
[0093] In example 8, the sample circuit in the apparatus
of example 7 generates the first signal edge and the sec-
ond signal edge for one of the plurality of interpolation
cell rows, wherein an output node of the sample circuit
is coupled to a second output node of a second sample
circuit generating the first signal edge and the second
signal edge for another one of the plurality of interpolation
cell rows.
[0094] In example 9, the control circuit in the apparatus
of any of the preceding examples is configured to deac-
tivate the part of the plurality of interpolation cells in the
second mode of operation based on a desired resolution
of the interpolation between the first signal edge and the
second signal edge.
[0095] In example 10, an output inverter in the appa-
ratus of any of the preceding examples is coupled be-
tween the common node and an output node of the ap-
paratus.
[0096] In example 11, the output inverter in the appa-
ratus of example 10 is configured to supply an output
signal edge to the output node based on the first and/or
second signal edges supplied to the common node.
[0097] In example 12, one of the plurality of interpola-
tion cells in the apparatus of any of the preceding exam-
ples comprises: a first inverter circuit configured to gen-
erate inverted first signal edges based on the first signal
edge, a first selection signal and a second selection sig-
nal; a second inverter circuit configured to generate in-
verted second signal edges based on the second signal
edge, a third selection signal and a fourth selection signal;
and an activation circuit coupled to the first inverter circuit
and the second inverter circuit and configured to decou-
ple the first inverter circuit and the second inverter circuit
from an output inverter of the interpolation cell based on
a first activation signal and a second activation signal.
[0098] In example 13, the first inverter circuit in the
apparatus of example 12 comprises: a first transistor and
a second transistor of a first conductivity type which are
coupled in series, wherein the first transistor is configured
to receive the first signal edge at a first control terminal,
and wherein the second transistor is configured to re-
ceive the first selection signal at a second control termi-
nal; and a third transistor and a fourth transistor of a dif-
ferent second conductivity type which are coupled in se-
ries, wherein the third transistor is configured to receive
the first signal edge at a third control terminal, and where-
in the fourth transistor is configured to receive the second
selection signal at a fourth control terminal.
[0099] In example 14, the first selection signal and the
second selection signal in the apparatus of example 13
are inverted.
[0100] In example 15, the second inverter circuit in the
apparatus of example 13 or example 14 comprises: a
fifth transistor and a sixth transistor of the first conductivity

type which are coupled in series, wherein the fifth tran-
sistor is configured to receive the second signal edge at
a fifth control terminal, and wherein the sixth transistor
is configured to receive the third selection signal at a sixth
control terminal; and a seventh transistor and an eighth
transistor of the second conductivity type which are cou-
pled in series, wherein the seventh transistor is config-
ured to receive the second signal edge at a seventh con-
trol terminal, and wherein the eighth transistor is config-
ured to receive the fourth selection signal at an eighth
control terminal.
[0101] In example 16, the third selection signal and the
fourth selection signal in the apparatus of example 15
are inverted.
[0102] In example 17, the activation circuit in the ap-
paratus of example 15 or example 16 comprises: a ninth
transistor and a tenth transistor of the first conductivity
type which are coupled in series and coupled to the sec-
ond transistor and the sixth transistor, wherein the ninth
transistor is configured to receive the first activation sig-
nal at a ninth control terminal, and wherein the tenth tran-
sistor is configured to receive the second activation signal
at a tenth control terminal; and an eleventh transistor and
a twelfth transistor of the second conductivity type which
are coupled in series to the ninth transistor and the tenth
transistor, and further coupled to the fourth transistor and
the eighth transistor, wherein the eleventh transistor is
configured to receive the first activation signal at an elev-
enth control terminal, and wherein the twelfth transistor
is configured to receive the second activation signal at a
twelfth control terminal.
[0103] In example 18, the activation circuit in the ap-
paratus of example 15 or example 16 comprises a ninth
transistor of the first conductivity type and a tenth tran-
sistor of the second conductivity type which are coupled
in parallel, wherein input terminals of the ninth transistor
and the tenth transistor are coupled to an eleventh tran-
sistor of the first conductivity type, wherein output termi-
nals of the ninth transistor and the tenth transistor are
coupled to a twelfth transistor of the second conductivity
type, wherein the ninth transistor is configured to receive
the second activation signal at a ninth control terminal,
wherein the tenth transistor is configured to receive the
first activation signal at a tenth control terminal, wherein
the input terminals of the ninth transistor and the tenth
transistor are further coupled to the second transistor and
the sixth transistor, and wherein the output terminals of
the ninth transistor and the tenth transistor are further
coupled to the fourth transistor and the eighth transistor.
[0104] In example 19, the output inverter in the appa-
ratus of any of examples 15 to 18 comprises a thirteenth
transistor of the first conductivity type which is coupled
in series with a fourteenth transistor of the second con-
ductivity type, wherein a thirteenth control terminal of the
thirteenth transistor is coupled the second transistor and
the sixth transistor via the activation circuit, and wherein
a fourteenth control terminal of the fourteenth transistor
is coupled to the fourth transistor and the eighth transistor
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via the activation circuit.
[0105] In example 20, the plurality of interpolation cells
in the apparatus of any of the preceding examples are
configured to supply either the first signal edge or the
second signal edge to the common node, respectively.
[0106] Example 21 is an interpolation cell for a digital-
to-time converter, wherein the interpolation cell is con-
figured to receive a first signal edge and a second signal
edge, the interpolation cell comprising: a first inverter cir-
cuit configured to generate inverted first signal edges
based on the first signal edge, a first selection signal and
a second selection signal; a second inverter circuit con-
figured to generate inverted second signal edges based
on the second signal edge, a third selection signal and
a fourth selection signal; and an activation circuit coupled
to the first inverter circuit and the second inverter circuit
and configured to decouple the first inverter circuit and
the second inverter circuit from an output inverter of the
interpolation cell based on a first activation signal and a
second activation signal.
[0107] In example 22, the first inverter circuit in the
interpolation cell of example 21 comprises: a first tran-
sistor and a second transistor of a first conductivity type
which are coupled in series, wherein the first transistor
is configured to receive the first signal edge at a first
control terminal, and wherein the second transistor is
configured to receive the first selection signal at a second
control terminal; and a third transistor and a fourth tran-
sistor of a different second conductivity type which are
coupled in series, wherein the third transistor is config-
ured to receive the first signal edge at a third control ter-
minal, and wherein the fourth transistor is configured to
receive the second selection signal at a fourth control
terminal.
[0108] In example 23, the first selection signal and the
second selection signal in the interpolation cell of exam-
ple 22 are inverted.
[0109] In example 24, the second inverter circuit in the
interpolation cell of example 22 or example 23 comprises:
a fifth transistor and a sixth transistor of the first conduc-
tivity type which are coupled in series, wherein the fifth
transistor is configured to receive the second signal edge
at a fifth control terminal, and wherein the sixth transistor
is configured to receive the third selection signal at a sixth
control terminal; and a seventh transistor and an eighth
transistor of the second conductivity type which are cou-
pled in series, wherein the seventh transistor is config-
ured to receive the second signal edge at a seventh con-
trol terminal, and wherein the eighth transistor is config-
ured to receive the fourth selection signal at an eighth
control terminal.
[0110] In example 25, the third selection signal and the
fourth selection signal in the interpolation cell of example
24 are inverted.
[0111] In example 26, the activation circuit in the inter-
polation cell of example 24 or example 25 comprises: a
ninth transistor and a tenth transistor of the first conduc-
tivity type which are coupled in series and coupled to the

second transistor and the sixth transistor, wherein the
ninth transistor is configured to receive the first activation
signal at a ninth control terminal, and wherein the tenth
transistor is configured to receive the second activation
signal at a tenth control terminal; and an eleventh tran-
sistor and a twelfth transistor of the second conductivity
type which are coupled in series to the ninth transistor
and the tenth transistor, and further coupled to the fourth
transistor and the eighth transistor, wherein the eleventh
transistor is configured to receive the first activation sig-
nal at an eleventh control terminal, and wherein the
twelfth transistor is configured to receive the second ac-
tivation signal at a twelfth control terminal.
[0112] In example 27, the activation circuit in the inter-
polation cell of example 24 or example 25 comprises a
ninth transistor of the first conductivity type and a tenth
transistor of the second conductivity type which are cou-
pled in parallel, wherein input terminals of the ninth tran-
sistor and the tenth transistor are coupled to an eleventh
transistor of the first conductivity type, wherein output
terminals of the ninth transistor and the tenth transistor
are coupled to a twelfth transistor of the second conduc-
tivity type, wherein the ninth transistor is configured to
receive the second activation signal at a ninth control
terminal, wherein the tenth transistor is configured to re-
ceive the first activation signal at a tenth control terminal,
wherein the input terminals of the ninth transistor and the
tenth transistor are further coupled to the second tran-
sistor and the sixth transistor, and wherein the output
terminals of the ninth transistor and the tenth transistor
are further coupled to the fourth transistor and the eighth
transistor.
[0113] In example 28, the output inverter in the inter-
polation cell of any of examples 24 to 27 comprises a
thirteenth transistor of the first conductivity type which is
coupled in series with a fourteenth transistor of the sec-
ond conductivity type, wherein a thirteenth control termi-
nal of the thirteenth transistor is coupled the second tran-
sistor and the sixth transistor via the activation circuit,
and wherein a fourteenth control terminal of the four-
teenth transistor is coupled to the fourth transistor and
the eighth transistor via the activation circuit.
[0114] In example 29, the first selection signal, the sec-
ond selection signal, the third selection signal and the
fourth selection signal in the interpolation cell of any of
the preceding examples are based on a control word for
the digital-to-time converter.
[0115] Example 30 is a digital-to-time converter com-
prising an apparatus for interpolating between a first sig-
nal edge and a second signal edge according to any of
examples 1 to 20, or an interpolation cell according to
any of examples 21 to 29.
[0116] Example 31 is a transmitter comprising a digital-
to-time converter according to example 30.
[0117] In example 32, the transmitter of example 31
further comprises a management circuit configured to
switch the apparatus for interpolating between a first sig-
nal edge and a second signal edge to the second mode
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of operation based on a desired resolution of the inter-
polation between the first signal edge and the second
signal edge.
[0118] In example 33, the transmitter of example 32
further comprises a control path configured to supply the
control word to the digital-to-time converter, wherein the
management circuit is further configured to deactivate
part of the control path based on a length of the control
word.
[0119] Example 34 is a receiver comprising a digital-
to-time converter according to example 30.
[0120] In example 35, the receiver of example 34 fur-
ther comprises a management circuit configured to
switch the apparatus for interpolating between a first sig-
nal edge and a second signal edge to the second mode
of operation based on a desired resolution of the inter-
polation between the first signal edge and the second
signal edge.
[0121] In example 36, the receiver of example 35 fur-
ther comprises a control path configured to supply the
control word to the digital-to-time converter, wherein the
management circuit is further configured to deactivate
part of the control path based on a length of the control
word.
[0122] Example 37 is a mobile device comprising a
transmitter according to any of examples 31 to 33, or a
receiver according to any of examples 34 to 36.
[0123] In example 38, the mobile device of example
37 further comprises at least one antenna element cou-
pled to the transmitter, or to the receiver.
[0124] Example 39 is a means for interpolating be-
tween a first signal edge and a second signal edge, com-
prising: a plurality of cellular means coupled to a common
node, wherein one of the plurality of cellular means is
configured to supply, based on a control word, the first
signal edge and/or the second signal edge to a common
node of the means for interpolating; and a means for
activating all of the plurality of cellular means in a first
mode of operation, and for deactivating part of the plu-
rality of cellular means in a second mode of operation.
[0125] In example 40, the plurality of cellular means in
the means of example 39 are grouped in a plurality of
rows, and wherein the part of the plurality of cellular
means corresponds to at least one of the plurality of rows.
[0126] Example 41 is a cellular interpolation means for
a digital-to-time converter, wherein the cellular interpo-
lation means is configured to receive a first signal edge
and a second signal edge, the cellular interpolation
means comprising: a means for generating inverted first
signal edges based on the first signal edge, a first selec-
tion signal and a second selection signal; a means for
generating inverted second signal edges based on the
second signal edge, a third selection signal and a fourth
selection signal; and a means for decoupling the means
for generating inverted first signal edges and/or the
means for generating inverted second signal edges from
an output inversion means of the cellular interpolation
means based on a first activation signal and a second

activation signal, wherein the means for coupling is cou-
pled to the means for generating inverted first signal edg-
es and the means for generating inverted second signal
edges.
[0127] In example 42, the first selection signal, the sec-
ond selection signal, the third selection signal and the
fourth selection signal in the means of example 41 are
based on a control word for the digital-to-time converter.
[0128] Example 43 is a method for controlling an ap-
paratus for interpolating between a first signal edge and
a second signal edge, the apparatus comprising a plu-
rality of interpolation cells, wherein at least one of the
plurality of interpolation cells is configured to supply,
based on a control word, the first signal edge and/or the
second signal edge to the common node, the method
comprising: activating all of the plurality interpolation cells
in a first mode of operation; and deactivating part of the
plurality of interpolation cells in a second mode of oper-
ation.
[0129] In example 44, the method of example 43 fur-
ther comprises: generating a second oscillation signal
and a third oscillation signal based on a first oscillation
signal, wherein the second oscillation signal is synchro-
nized with a first edge of the first oscillation signal, and
wherein the third oscillation signal is synchronized with
a second edge of the first oscillation signal; generating
the first signal edge by sampling the second oscillation
signal based on the first edge of the first oscillation signal;
and generating the second signal edge by sampling the
third oscillation signal based on the second edge of the
first oscillation signal.
[0130] In example 45, the first signal edge and the sec-
ond signal edge in the method of example 43 or example
44 are timely separated by one half of an oscillation pe-
riod of the first oscillation signal.
[0131] In example 46, the first signal edge and the sec-
ond signal edge in the method of example 44 are only
generated in the first mode of operation.
[0132] In example 47, the plurality of interpolation cells
in the method of any of the preceding examples are
grouped in a plurality of interpolation cell rows, and
wherein the part of the plurality of interpolation cells cor-
responds to at least one of the plurality of cell rows.
[0133] In example 48, deactivating the part of the plu-
rality of interpolation cells in the second mode of opera-
tion in the method of any of the preceding examples is
based on a desired resolution of the interpolation be-
tween the first signal edge and the second signal edge.
[0134] In example 49, the method of any of the pre-
ceding examples further comprises: supplying an output
signal edge to an output node of the apparatus based on
the first and/or second signal edges supplied to the com-
mon node.
[0135] In example 51, the method of any of the pre-
ceding examples further comprises: controlling the plu-
rality of interpolation cells to supply either the first signal
edge or the second signal edge to the common node,
respectively.
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[0136] Example 51 is a computer readable storage me-
dium having stored thereon a program having a program
code for performing the method of any of examples 43
to 50, when the program is executed on a computer or
processor.
[0137] Example 52 is a computer program having a
program code configured to perform the method of any
of examples 43 to 50, when the computer program is
executed on a computer or processor.
[0138] The aspects and features mentioned and de-
scribed together with one or more of the previously de-
tailed examples and figures, may as well be combined
with one or more of the other examples in order to replace
a like feature of the other example or in order to addition-
ally introduce the feature to the other example.
[0139] Examples may further be or relate to a computer
program having a program code for performing one or
more of the above methods, when the computer program
is executed on a computer or processor. Steps, opera-
tions or processes of various above-described methods
may be performed by programmed computers or proc-
essors. Examples may also cover program storage de-
vices such as digital data storage media, which are ma-
chine, processor or computer readable and encode ma-
chine-executable, processor-executable or computer-
executable programs of instructions. The instructions
perform or cause performing some or all of the acts of
the above-described methods. The program storage de-
vices may comprise or be, for instance, digital memories,
magnetic storage media such as magnetic disks and
magnetic tapes, hard drives, or optically readable digital
data storage media. Further examples may also cover
computers, processors or control units programmed to
perform the acts of the above-described methods or
(field) programmable logic arrays ((F)PLAs) or (field) pro-
grammable gate arrays ((F)PGAs), programmed to per-
form the acts of the above-described methods.
[0140] The description and drawings merely illustrate
the principles of the disclosure. Furthermore, all exam-
ples recited herein are principally intended expressly to
be only for pedagogical purposes to aid the reader in
understanding the principles of the disclosure and the
concepts contributed by the inventor(s) to furthering the
art. All statements herein reciting principles, aspects, and
examples of the disclosure, as well as specific examples
thereof, are intended to encompass equivalents thereof.
[0141] A functional block denoted as "means for ..."
performing a certain function may refer to a circuit that
is configured to perform a certain function. Hence, a
"means for s.th." may be implemented as a "means con-
figured to or suited for s.th.", such as a device or a circuit
configured to or suited for the respective task.
[0142] Functions of various elements shown in the fig-
ures, including any functional blocks labeled as "means",
"means for providing a sensor signal", "means for gen-
erating a transmit signal.", etc., may be implemented in
the form of dedicated hardware, such as "a signal pro-
vider", "a signal processing unit", "a processor", "a con-

troller", etc. as well as hardware capable of executing
software in association with appropriate software. When
provided by a processor, the functions may be provided
by a single dedicated processor, by a single shared proc-
essor, or by a plurality of individual processors, some of
which or all of which may be shared. However, the term
"processor" or "controller" is by far not limited to hardware
exclusively capable of executing software, but may in-
clude digital signal processor (DSP) hardware, network
processor, application specific integrated circuit (ASIC),
field programmable gate array (FPGA), read only mem-
ory (ROM) for storing software, random access memory
(RAM), and non-volatile storage. Other hardware, con-
ventional and/or custom, may also be included.
[0143] A block diagram may, for instance, illustrate a
high-level circuit diagram implementing the principles of
the disclosure. Similarly, a flow chart, a flow diagram, a
state transition diagram, a pseudo code, and the like may
represent various processes, operations or steps, which
may, for instance, be substantially represented in com-
puter readable medium and so executed by a computer
or processor, whether or not such computer or processor
is explicitly shown. Methods disclosed in the specification
or in the claims may be implemented by a device having
means for performing each of the respective acts of these
methods.
[0144] It is to be understood that the disclosure of mul-
tiple acts, processes, operations, steps or functions dis-
closed in the specification or claims may not be construed
as to be within the specific order, unless explicitly or im-
plicitly stated otherwise, for instance for technical rea-
sons. Therefore, the disclosure of multiple acts or func-
tions will not limit these to a particular order unless such
acts or functions are not interchangeable for technical
reasons. Furthermore, in some examples a single act,
function, process, operation or step may include or may
be broken into multiple sub-acts, -functions, -processes,
-operations or -steps, respectively. Such sub acts may
be included and part of the disclosure of this single act
unless explicitly excluded.
[0145] Furthermore, the following claims are hereby
incorporated into the detailed description, where each
claim may stand on its own as a separate example. While
each claim may stand on its own as a separate example,
it is to be noted that - although a dependent claim may
refer in the claims to a specific combination with one or
more other claims - other examples may also include a
combination of the dependent claim with the subject mat-
ter of each other dependent or independent claim. Such
combinations are explicitly proposed herein unless it is
stated that a specific combination is not intended. Fur-
thermore, it is intended to include also features of a claim
to any other independent claim even if this claim is not
directly made dependent to the independent claim.
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Claims

1. An apparatus (100) for interpolating between a first
signal edge and a second signal edge, comprising:

a plurality of interpolation cells (120-1, ..., 120-
n) coupled to a common node (130), wherein at
least one of the plurality of interpolation cells
(120-1, ..., 120-n) is configured to supply, based
on a control word, the first signal edge and/or
the second signal edge to the common node
(130); and
a control circuit (110) configured to activate all
of the plurality interpolation cells (120-1, ..., 120-
n) in a first mode of operation, and to deactivate
part of the plurality of interpolation cells
(120-1, ..., 120-n) in a second mode of opera-
tion.

2. The apparatus of claim 1, further comprising:

a frequency divider circuit configured to gener-
ate a second oscillation signal and a third oscil-
lation signal based on a first oscillation signal,
wherein the second oscillation signal is synchro-
nized with a first edge of the first oscillation sig-
nal, and wherein the third oscillation signal is
synchronized with a second edge of the first os-
cillation signal; and
a sample circuit configured to generate the first
signal edge by sampling the second oscillation
signal based on the first edge of the first oscil-
lation signal, and to generate the second signal
edge by sampling the third oscillation signal
based on the second edge of the first oscillation
signal.

3. The apparatus of claim 2, wherein the first signal
edge and the second signal edge are timely sepa-
rated by one half of an oscillation period of the first
oscillation signal.

4. The apparatus of claim 2 or claim 3, wherein the
control circuit (110) is configured to deactivate the
sample circuit in the second mode of operation.

5. The apparatus of any of claims 2 to 4, wherein the
plurality of interpolation cells (120-1, ..., 120-n) are
grouped in a plurality of interpolation cell rows, and
wherein the part of the plurality of interpolation cells
(120-1, ..., 120-n) corresponds to at least one of the
plurality of cell rows.

6. The apparatus of claim 5, wherein the sample circuit
generates the first signal edge and the second signal
edge for one of the plurality of interpolation cell rows,
wherein an output node of the sample circuit is cou-
pled to a second output node of a second sample

circuit generating the first signal edge and the sec-
ond signal edge for another one of the plurality of
interpolation cell rows.

7. The apparatus of any of the preceding claims, where-
in the control circuit (110) is configured to deactivate
the part of the plurality of interpolation cells
(120-1, ..., 120-n) in the second mode of operation
based on a desired resolution of the interpolation
between the first signal edge and the second signal
edge.

8. The apparatus of any of the preceding claims, where-
in an output inverter is coupled between the common
node and an output node of the apparatus.

9. The apparatus of claim 8, wherein the output inverter
is configured to supply an output signal edge to the
output node based on the first and/or second signal
edges supplied to the common node.

10. The apparatus of any of the preceding claims, where-
in one of the plurality of interpolation cells (120-1, ...,
120-n) comprises:

a first inverter circuit configured to generate in-
verted first signal edges based on the first signal
edge, a first selection signal and a second se-
lection signal;
a second inverter circuit configured to generate
inverted second signal edges based on the sec-
ond signal edge, a third selection signal and a
fourth selection signal; and
an activation circuit coupled to the first inverter
circuit and the second inverter circuit and con-
figured to decouple the first inverter circuit and
the second inverter circuit from an output invert-
er of the interpolation cell based on a first acti-
vation signal and a second activation signal.

11. The apparatus of any of the preceding claims, where-
in the plurality of interpolation cells (120-1, ..., 120-
n) are configured to supply either the first signal edge
or the second signal edge to the common node, re-
spectively.

12. A digital-to-time converter (621, 631) comprising an
apparatus for interpolating between a first signal
edge and a second signal edge according to any of
claims 1 to 11.

13. A method (700) for controlling an apparatus for in-
terpolating between a first signal edge and a second
signal edge, the apparatus comprising a plurality of
interpolation cells, wherein at least one of the plural-
ity of interpolation cells is configured to supply, based
on a control word, the first signal edge and/or the
second signal edge to the common node, the method
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comprising:

activating (702) all of the plurality interpolation
cells in a first mode of operation; and
deactivating (704) part of the plurality of inter-
polation cells in a second mode of operation.

14. The method of claim 13, wherein the first signal edge
and the second signal edge are only generated in
the first mode of operation.

15. The method of claim 13 or claim 14, wherein deac-
tivating (704) the part of the plurality of interpolation
cells in the second mode of operation is based on a
desired resolution of the interpolation between the
first signal edge and the second signal edge.
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