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(57) ABSTRACT 

An apparatus including a first circuit and a second circuit 
connected in parallel to the bidirectional communication 
path, and one of the first and second circuits being an active 
circuit monitoring a value of the data signal on the bidirec 
tional communication path while the other of the first and 
second circuits being a passive circuit that is not monitoring 
the value of the data signal. The active circuit initially starts in 
a low gain state, but on detection of a transition by transition 
detection circuitry, it enters a high gain state where the Switch 
circuitry disconnects the transition detection circuitry from 
the bidirectional communication path, and the drive circuitry 
is activated in order to drive the data signal on the bidirec 
tional communication path to the opposite value. Once the 
data signal has been driven to the opposite value, the active 
circuit and the passive circuits Switch states. 

23 Claims, 14 Drawing Sheets 
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APPARATUS AND METHOD FOR 
TRANSFERRINGADATA SIGNAL 

PROPAGATED ALONGABDIRECTIONAL 
COMMUNICATION PATH WITHIN ADATA 

PROCESSINGAPPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an apparatus and method 

for transferring a data signal propagated along abidirectional 
communication path within a data processing apparatus. 

2. Description of the Prior Art 
Bidirectional communication paths are often used in data 

processing systems. For example, such bidirectional commu 
nication paths may be used within interconnect structures that 
form an integral part of global communication networks in 
multiprocessor chips. Such bidirectional communication 
paths facilitate high bandwidth with low silicon overhead by 
eliminating the need for replicating unidirectional signal 
wires. Examples of interconnects using Such bidirectional 
communication paths are described in the article by C. Parket 
al. entitled, “A 1.2TB/s on-chip ring interconnect for 45 nm. 
8-core enterprise Xeon(R) processor ISS.CC., pp. 180-181, 
2010, and the article by S. Satpathy et al., entitled “SWIFT: A 
2.1 Tb/s 32x32 Self-Arbitrating Many core Interconnect Fab 
ric.” SoVC, pp. 180-181, 2011. 

Conventional bidirectional communication paths typically 
include a series of repeaters distributed along the communi 
cation path in order to amplify the data as it is propagated 
along the communication path. Typically the repeater struc 
tures are based on duplication of unidirectional repeaters, one 
of which is selectively activated for signal propagation. An 
example of Such a conventional repeater structure is illus 
trated in FIG.1. As shown in FIG. 1, a bidirectional commu 
nication pathis provided between a first processor core 10 and 
a second processor core 12, that communication path being 
separated into a series of bidirectional communication path 
portions 15 by the inclusion of a plurality of repeater circuits 
along the bidirectional communication path. In this example, 
each repeater circuit comprises a pair of inverters 20, 25, one 
of which is activated at any point in time dependent on the 
contents of an associated flip-flop 30. In particular, each flip 
flop is controlled by a clock signal, and on the rising edge of 
the clock signal samples the enable signal presented to its 
input, that enable signal identifying which one of the inverters 
20, 25 should be activated. Accordingly, if the first processor 
core 10 is to send a data signal to the second processor core 
12, the enable signals will be set in order to cause the inverters 
25 to be activated. Conversely, if the second processor core 12 
is to send a data signal to the first processor core 10, the enable 
signals will be set in order to cause the inverters 20 to be 
activated. 

Whilst such repeater circuits can be formed as standard 
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cells, and hence can be incorporated into a wide variety of 55 
different designs of interconnect, such an approach incurs 
logic and interconnect overhead in order to configure the 
repeaters, due to the need to provide enable signals to the 
associated flip-flops 30 in order to control the operation of the 
repeaters. This can significantly degrade performance and 
energy efficiency. Additionally, a synchronising signal in the 
form of a clock signal is needed to eliminate contention when 
reversing signal propagation direction. 

Furthermore, as interconnect structures increase in com 
plexity, the number of locations from which a bidirectional 
communication link can be driven is increasing, making the 
handling of the control signals required to configure the 

60 

65 

2 
repeaters a significant design challenge. For example, the 
article by B. Stackhouse et al., entitled “A 65 nm 2-Billion 
Transistor Quad-Core Itanium Processor. JSSCC pp. 18-31, 
Vol. 44, No. 1, January 2009, describes a complex intercon 
nect structure employing Snoop-based signalling schemes, 
where information regarding the direction of a data transfer is 
not available until approximately the same time as the data 
needs to be transferred. Accordingly, the need to issue control 
signals to configure the repeaters having regards to the direc 
tion of the data transfer before the data transfer can take place 
significantly impacts performance in Such complex intercon 
nect Structures. 

Recently, there has been a significant amount of research 
into the development of repeater-less signalling techniques. 
Examples of articles describing Such repeater-less signalling 
techniques are: 
B. Kimetal., “A 4Gb/s/ch356f)/b 10mm Equalized On-chip 

Interconnect with Nonlinear Charge-Injecting Transmit 
Filter and Transimpedance Receiver in 90 nm CMOS.” 
ISSCC, pp. 66-67, 2009; 

J. Seo et al., “High Bandwidth and Low Energy On-Chip 
Signaling with Adaptive Pre-Emphasis in 90 nm CMOS.” 
ISSCC, pp. 182-183, 2010; 

R. Ho et al., “High-Speed and Low-Energy Capacitively 
Driven On-Chip Wires.” ISS.CC., pp. 412–413, 2007; and 

E. Mensinket al., “A 0.28 p.J/b2Gb/s/chTransceiver in 90mm 
CMOS for 10 mm On-chip interconnects.” ISS.CC., pp. 
414-415, 2007. 
These techniques generally involve the use of pulse gen 

eration circuitry at one end of the bidirectional communica 
tion path to generate a pulse, with pulse detection circuitry at 
the other end of the bidirectional communication path then 
being arranged to detect that pulse. However, whilst Such 
techniques can achieve high-speed communication with low 
energy dissipation based on reduced Voltage Swing, the pulse 
generation and detection circuitry needs to be carefully cus 
tom-designed having regards to each specific interconnect 
situation, and involves precise device matching, additional 
Voltage Supplies, and wider wire thickness/pitch. According, 
Such techniques cannot be easily used in synthesis-based 
design flows or reused in different interconnect situations in 
the same design. 

Accordingly, it would be desirable to provide an improved 
technique for transferring a data signal propagated along a 
bidirectional communication path within a data processing 
apparatus, which can be used without re-design within a wide 
variety of implementations, but with improved performance 
and reduced energy consumption when compared with the 
traditional approach described earlier with reference to FIG. 
1. 

SUMMARY OF THE INVENTION 

Viewed from a first aspect, the present invention provides 
an apparatus for transferring a data signal propagated along a 
bidirectional communication path within a data processing 
apparatus, comprising: a first circuit and a second circuit 
connected in parallel to the bidirectional communication 
path, at any point in time one of the first and second circuits 
being an active circuit monitoring a value of the data signal on 
the bidirectional communication path and the other of the first 
and second circuits being a passive circuit that is not moni 
toring the value of the data signal; each of the first circuit and 
the second circuit comprising: transition detection circuitry 
configured, when connected to the bidirectional communica 
tion path, to detect a transition in an initial value of the data 
signal on the bidirectional communication path; Switch cir 



US 8,713,232 B2 
3 

cuitry configured to selectively connect the transition detec 
tion circuitry to the bidirectional communication path; drive 
circuitry configured when active to be responsive to detection 
of the transition by the transition detection circuitry to drive 
the data signal on the bidirectional communication path to an 
opposite value to the initial value; and control circuitry con 
figured to control the operation of the transition detection 
circuitry, switch circuitry and drive circuitry; the active cir 
cuit initially being in a low gain state where the Switch cir 
cuitry connects the transition detection circuitry to the bidi 
rectional communication path, and the drive circuitry is not 
active; the control circuitry of the active circuit being respon 
sive to a signal from the transition detection circuitry indicat 
ing that said transition has been detected, to cause the active 
circuit to enter a high gain state where the Switch circuitry 
disconnects the transition detection circuitry from the bidi 
rectional communication path, and the drive circuitry is acti 
vated in order to drive the data signal on the bidirectional 
communication path to said opposite value; the control cir 
cuitry of the one of the first and second circuits which is 
currently the active circuit being configured, following the 
data signal being driven to said opposite value, to place that 
one of the first and second circuits in a passive state where it 
then becomes the passive circuit; and the control circuitry of 
the other one of the first and second circuits which is currently 
the passive circuit being configured, following the data signal 
being driven to said opposite value, to place that other one of 
the first and second circuits in said low gain state where it then 
becomes the active circuit. 

In accordance with the present invention, first and second 
circuits are connected in parallel to the bidirectional commu 
nication path, these circuits being identically constructed, but 
at any point in time one of those circuits being an active circuit 
monitoring the value of the data signal, whilst the other circuit 
is a passive circuit that is not monitoring the value of the data 
signal. The active circuit initially starts in a low gain state 
where its transition detection circuitry is monitoring the value 
of the data signal in order to detect a transition in that signal, 
but the drive circuitry is at that time not active. However, on 
detection of a transition by the transition detection circuitry, 
the active circuit enters a high gain state where the Switch 
circuitry disconnects the transition detection circuitry from 
the bidirectional communication path, and the drive circuitry 
is activated in order to drive the data signal on the bidirec 
tional communication path to the opposite value. This pro 
vides a high performance and energy efficient mechanism for 
transferring the data signal. 

Furthermore, once the data signal has been driven to the 
opposite value, the active circuit enters a passive state where 
it then becomes the passive circuit, whilst the previously 
passive circuit enters the low gain mode where it then 
becomes the active circuit monitoring the bidirectional com 
munication path for the next transition in the data signal. As a 
result, the apparatus is self-configuring, thus avoiding the 
requirement for propagation of configuration signals as 
required by the prior art technique of FIG. 1. This hence 
provides further performance and energy consumption sav 
ings. 

In addition to the performance and energy consumption 
benefits that arise from the use of the apparatus of the present 
invention, the design is not dependent on the implementation 
details of the bidirectional communication path, and accord 
ingly the design can be instantiated as a standard cell for use 
in a wide variety of different applications. 
The apparatus can be used for a variety of purposes within 

a bidirectional communication path. However, in one 
embodiment, the apparatus forms a repeater placed within the 
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bidirectional communication path to amplify the data signal 
as that signal is propagated along the bidirectional commu 
nication path. 

In one such embodiment, the control circuitry in each of the 
first and second circuits receives as control input signals said 
signal from the transition detection circuitry indicating that 
said transition has been detected, and a signal indicative of the 
value of the data signal on the bidirectional communication 
path at an input to the first and second circuits, and is config 
ured to control the transition of the associated first and second 
circuit between said passive state, said low gain state and said 
high gain state in dependence on those control input signals. 
Accordingly, the apparatus is self-configuring, and requires 
no externally provided configuration signal. Further, no clock 
signal is required for the apparatus, since both the first and 
second circuits transition between the low gain, high gain and 
passive states in dependence solely on the value of the data 
signal on the bidirectional communication path and the signal 
from the transition detection circuitry indicating that a tran 
sition has been detected, and hence the apparatus is entirely 
self-timed. 
Due to the self-timed nature of the apparatus, the apparatus 

can readily be used within a bidirectional communication 
path connecting two devices operating at different clock 
speeds. 

In one embodiment, if the value of the data signal at said 
input to the first and second circuits is a first value, the control 
circuitry of the first circuit is configured to place that first 
circuit in said low gain state where the first circuit is the active 
circuit, and the control circuitry of the second circuit is con 
figured to place that second circuit in said passive state where 
the second circuit is the passive circuit. Conversely, if the 
value of the data signal at said input is a second value, the 
control circuitry of the second circuit is configured to place 
that second circuit in said low gain state where the second 
circuit is the active circuit, and the control circuitry of the first 
circuit is configured to place that first circuit in said passive 
state where the first circuit is the passive circuit. 

Furthermore, in one embodiment, when the transition 
detection circuitry of the active circuit detects said transition, 
the control circuitry of the active circuit is configured to cause 
that active circuit to change from the low gain state to the high 
gain state. However, the control circuitry of the passive circuit 
is configured to retain the passive circuit in the passive state 
until after the data signal has been driven to said opposite 
value by the operation of the active circuit in said high gain 
State. 
The repeater can be configured in a variety of ways. In one 

embodiment, the repeater acts as an inverter (with its two 
inputs having opposite values), whilst in an alternative 
embodiment the repeater acts as a buffer (with its two inputs 
having the same value). 

In an alternative embodiment, the apparatus forms a state 
retention element (for example a flip-flop) placed within the 
bidirectional communication path to latch the data signal 
propagated along the bidirectional communication path in 
dependence on a clock signal. In one particular embodiment, 
such a state retention element is provided at both ends of the 
bidirectional communication path. 
When the apparatus is used as a state retention element, 

that apparatus may further comprise a configuration storage 
element configured to store a control value indicative of the 
value of the data signal on the bidirectional communication 
path at an input to the first and second circuits during a 
predetermined transition in the clock signal. The control cir 
cuitry in each of the first and second circuits may then be 
arranged to receive, as control input signals, said signal from 
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the transition detection circuitry indicating that said transition 
has been detected, and said control value stored in said con 
figuration storage element, and is configured to control the 
transition of the associated first and second circuit between 
said passive state, said low gain state and said high gain state 5 
in dependence on those control input signals. 

In one particular embodiment, if the control value stored in 
said configuration storage element is a first value, the control 
circuitry of the first circuit is configured to place that first 
circuit in said low gain state where the first circuit is the active 
circuit, and the control circuitry of the second circuit is con 
figured to place that second circuit in said passive state where 
the second circuit is the passive circuit. Conversely, if the 
control value stored in said configuration storage element is a 
second value, the control circuitry of the second circuit is 
configured to place that second circuit in said low gain state 
where the second circuit is the active circuit, and the control 
circuitry of the first circuit is configured to place that first 
circuit in said passive state where the first circuit is the passive 20 
circuit. 

In one embodiment, when the transition detection circuitry 
of the active circuit detects said transition, the control cir 
cuitry of the active circuit is configured to cause that active 
circuit to change from the low gain state to the high gain state. 25 
However, the control circuitry of the passive circuit is con 
figured to retain the passive circuit in the passive state until 
after the control value stored in said configuration storage 
element has been updated following the next predetermined 
transition in said clock signal. 30 

There are a number of ways in which the configuration 
storage element can be triggered to update the stored control 
value. In one embodiment, the apparatus further comprises a 
pulse generator configured to generate an activation pulse on 
occurrence of said predetermined transition in said clock 35 
signal, the activation pulse causing the configuration storage 
element to update the stored control value to indicate the 
current value of the data signal on the bidirectional commu 
nication path at said input to the first and second circuits. The 
predetermined transition will vary dependent on implemen- 40 
tation. However, in one embodiment, the predetermined tran 
sition in said clock signal is a falling edge of the clock signal. 
The transition detection circuitry can take a variety of 

forms. However, in one embodiment the transition detection 
circuitry comprises a pair of transistors arranged in a thyristor 45 
configuration. This provides a particularly efficient imple 
mentation for the transition detection circuitry enabling a 
rapid detection of the transition. 

To further improve the speed of detection, in one embodi 
ment both transistors of said pair are constructed to have a 50 
lower threshold voltage than other transistors within said 
apparatus. 

In one embodiment, the transition detection circuitry com 
prises a pair of sensing nodes connected via the Switch cir 
cuitry to said bidirectional communication path, and skewed 55 
inverter circuitry which is connected to said pair of sensing 
nodes and configured to generate the signal indicating that 
said transition has been detected. By skewing the inverter 
circuitry appropriately, this further improves the speed of 
detection of the transition. 60 

In one embodiment, the apparatus has first and second 
input connections to said bidirectional communication path, 
and further comprises reset circuitry responsive to a reset 
condition to reset the value of the data signal at said first and 
second input connections to a predetermined State. This 65 
ensures that the apparatus is placed in a valid starting state 
following a reset. 
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6 
In one embodiment where the apparatus forms an inverter, 

the reset circuitry is responsive to the reset condition to reset 
the value of the data signal to a logic 1 value at one of said first 
and second input connections and to a logic 0 value at the 
other one of said first and second input connections. 
Viewed from a second aspect, the present invention pro 

vides an interconnect structure for a data processing appara 
tus comprising: a bidirectional communication path config 
ured to route a data signal between first and second processing 
blocks of the data processing apparatus; and a plurality of 
repeater circuits distributed along said bidirectional commu 
nication path in order to separate said bidirectional commu 
nication path into a series of bidirectional communication 
path portions, each repeater circuit comprising an apparatus 
in accordance with the first aspect of the present invention. It 
has been found that by using repeater circuits in accordance 
with the first aspect the present invention, not only are per 
formance and energy consumption benefits achieved due to 
the operation of the repeater circuits when compared with the 
conventional repeater circuits discussed earlier with refer 
ence to FIG. 1, but in addition a larger separation between 
repeaters is possible, thereby providing further energy sav 
ings, along with area savings. 

In one embodiment, the interconnect structure further 
comprises reset circuitry responsive to a reset condition to 
reset the value of the data signal on each bidirectional com 
munication path portion to a predetermined state. In one 
particular embodiment, each repeater forms an inverter, and 
the reset circuitry is responsive to the reset condition to reset 
the value of the data signal to a logic 1 value on every alternate 
bidirectional communication path portion, and to a logic 0 
value on every other bidirectional communication path por 
tion. 
Viewed from a third aspect, the present invention provides 

a method of operating an apparatus to transfer a data signal 
propagated along a bidirectional communication path within 
a data processing apparatus, the apparatus comprising a first 
circuit and a second circuit connected in parallel to the bidi 
rectional communication path, at any point in time one of the 
first and second circuits being an active circuit monitoring a 
value of the data signal on the bidirectional communication 
path and the other of the first and second circuits being a 
passive circuit that is not monitoring the value of the data 
signal, each of the first circuit and the second circuit compris 
ing: transition detection circuitry for detecting, when con 
nected to the bidirectional communication path, a transition 
in an initial value of the data signal on the bidirectional 
communication path; Switch circuitry for selectively connect 
ing the transition detection circuitry to the bidirectional com 
munication path; drive circuitry which when active is respon 
sive to detection of the transition by the transition detection 
circuitry to drive the data signal on the bidirectional commu 
nication path to an opposite value to the initial value; and 
control circuitry for controlling the operation of the transition 
detection circuitry, switch circuitry and drive circuitry, the 
method comprising: initially placing the active circuit in a low 
gain state where the Switch circuitry connects the transition 
detection circuitry to the bidirectional communication path, 
and the drive circuitry is not active; causing the control cir 
cuitry of the active circuit, in response to a signal from the 
transition detection circuitry indicating that said transition 
has been detected, to place the active circuit in a high gain 
state where the switch circuitry disconnects the transition 
detection circuitry from the bidirectional communication 
path, and the drive circuitry is activated in order to drive the 
data signal on the bidirectional communication path to said 
opposite value; following the data signal being driven to said 



US 8,713,232 B2 
7 

opposite value, causing the control circuitry of the one of the 
first and second circuits which is currently the active circuit to 
place that one of the first and second circuits in a passive state 
where it then becomes the passive circuit; and following the 
data signal being driven to said opposite value, causing the 
control circuitry of the other one of the first and second 
circuits which is currently the passive circuit to place that 
other one of the first and second circuits in said low gain state 
where it then becomes the active circuit. 

Viewed from a fourth aspect, the present invention pro 
vides an apparatus for transferring a data signal propagated 
along a bidirectional communication path within a data pro 
cessing apparatus, comprising: first means and second means 
for connecting in parallel to the bidirectional communication 
path, at any point in time one of the first and second means 
being an active means for monitoring a value of the data 
signal on the bidirectional communication path and the other 
of the first and second means being a passive means for not 
monitoring the value of the data signal; each of the first means 
and the second means comprising: transition detection means 
for detecting, when connected to the bidirectional communi 
cation path, a transition in an initial value of the data signal on 
the bidirectional communication path; Switch means for 
selectively connecting the transition detection means to the 
bidirectional communication path; drive means for driving, 
when active and in response to detection of the transition by 
the transition detection means, the data signal on the bidirec 
tional communication path to an opposite value to the initial 
value; and control means for controlling the operation of the 
transition detection means, Switch means and drive means; 
the active means initially being in a low gain state where the 
Switch means connects the transition detection means to the 
bidirectional communication path, and the drive means is not 
active; the control means of the active means, responsive to a 
signal from the transition detection means indicating that said 
transition has been detected, for causing the active means to 
enter a high gain state where the Switch means disconnects the 
transition detection means from the bidirectional communi 
cation path, and the drive means is activated in order to drive 
the data signal on the bidirectional communication path to 
said opposite value; the control means of the one of the first 
and second means which is currently the active means, fol 
lowing the data signal being driven to said opposite value, for 
placing that one of the first and second means in a passive 
state where it then becomes the passive means; and the con 
trol means of the other one of the first and second means 
which is currently the passive means, following the data Sig 
nal being driven to said opposite value, for placing that other 
one of the first and second means in said low gain state where 
it then becomes the active means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be described further, by way of 
example only, with reference to embodiments thereofas illus 
trated in the accompanying drawings, in which: 

FIG. 1 is a diagram Schematically illustrating a series of 
conventional repeaters distributed along a bidirectional com 
munication path; 

FIG. 2 is a diagram Schematically illustrating a series of 
repeaters in accordance with one embodiment, distributed 
along a bidirectional communication path; 

FIGS. 3A to 3C are block diagrams illustrating compo 
nents provided within the first and second circuits of each 
repeater in accordance with one embodiment, and illustrating 
how the states of those circuits change during operation of the 
apparatus; 
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8 
FIG. 4 is a state transition diagram for the repeaters used in 

accordance with one embodiment; 
FIG. 5 is a detailed diagram illustrating the construction of 

each of the first and second circuits of each repeater in accor 
dance with one embodiment; 

FIGS. 6A to 6C illustrate which components within the 
first or second circuit of FIG. 5 are used in each of the low 
gain, high gain and passive states, in accordance with one 
embodiment; 

FIGS. 7A to 7C are block diagrams illustrating compo 
nents provided within first and second circuits of the flip-flops 
of FIG. 2 in accordance with one embodiment, and illustrat 
ing how the states of those circuits change during operation of 
the apparatus; 

FIG. 8 is a detailed diagram illustrating the construction of 
each of the first and second circuits within each flip-flop of 
FIG. 2 in accordance with one embodiment; 
FIG.9 is a flow diagram illustrating the operation of each of 

the first and second circuits in accordance with one embodi 
ment; and 

FIGS. 10A and 10B are graphs illustrating the energy con 
Sumption benefits that arise when using repeaters in accor 
dance with one embodiment. 

DESCRIPTION OF EMBODIMENTS 

FIG. 2 is a diagram Schematically illustrating a series of 
repeaters 50 in accordance with one embodiment, the series 
of repeaters being distributed along a bidirectional commu 
nication path in order to separate that path into a series of 
bidirectional path portions 15. As with the earlier example of 
FIG.1, a first processor core 10 is connected to one end of the 
bidirectional communication path, and a second processor 
core 12 is connected to the other end of the bidirectional 
communication path. It will however be appreciated that there 
is no requirement for the devices connected to either end of 
the bidirectional communication path to be processor cores, 
and instead any Suitable device may be connected to either 
end of the bidirectional communication path. 
A detailed description of the construction of the repeaters 

50 inaccordance with one embodiment will be described later 
with reference to FIG.5, but in one embodiment each repeater 
comprises first and second circuits connected in parallel 
across the bidirectional communication path, with each of the 
first and second circuits including a transition detection cir 
cuit in the form of a pair of transistors arranged in a CMOS 
“thyristor configuration', and accordingly in FIG. 2 each of 
the repeaters 50 is labelled as a “TABS' repeater, where 
TABS is an abbreviation for Thyristor-Assisted Bidirectional 
Signalling. 
As will be discussed in more detail later with reference to 

FIG. 8, a circuit having the same basic operating character 
istics as the repeaters 50 can be used to implement flip flops 
60 provided along the bidirectional path, in the example of 
FIG. 2 such flip flops being used within each of the cores 10, 
12. In the embodiment illustrated in FIG. 2, a data signal will 
traverse the entire bidirectional communication path from the 
flip flop 60 in one of the processor cores 10, 12 to the flip flop 
60 in the other processor core 12, 10 in a single clock cycle. 
As shown in FIG. 2, reset circuits are provided to be 

responsive to a reset condition to set an initial value of the data 
signal on each of the bidirectional communication path por 
tions 15 spanning between two adjacent repeaters 50. In one 
embodiment, each repeater acts as an inverter, and accord 
ingly on a reset the value of the data signal on opposing inputs 
to each repeater are set to opposite values. Accordingly, one 
type of reset circuit 70, 75 is arranged when the reset signal is 
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asserted (in this example as a logic one value) to set the value 
on the associated communication path portion 15 to a logic 
one value. Conversely, another form of reset circuit 80, 85 is 
arranged when the reset signal is asserted to set the value of 
the data signal on the associated communication path portion 
to a logic Zero value. 

FIG. 3A illustrates a first circuit 100 and a second circuit 
150 used to implement each repeater 50 in accordance with 
one embodiment. The first circuit comprises transition detec 
tion circuitry 105 which is configured, when connected to the 
bidirectional communication path, to detect a transition in an 
initial value of the data signal on the bidirectional communi 
cation path. Further, switch circuitry 110, 115 is provided 
which is configured to selectively connect the transition 
detection circuitry 105 to the bidirectional communication 
path. Drive circuits 120, 125 are configured when active to be 
responsive to detection of the transition by the transition 
detection circuitry 105 to drive the data signal on the bidirec 
tional communication path to an opposite value to the initial 
value. Hence, if the initial value is a logic Zero value, the value 
will then be driven to a logic one value, whereas if the initial 
value was a logic one value, then the value will be driven to a 
logic Zero value. Finally, control circuitry 130 is provided to 
control the operation of the transition detection circuitry, 
switch circuitry and drive circuitry. The inputs that the control 
circuitry 130 receives in order to perform those control opera 
tions take two forms. Firstly, a signal is received from the 
transition detection circuitry 105 indicating when a transition 
in the initial value of the data signal has been detected. As a 
second control input, the control circuitry 130 receives the 
values from both input connections 102, 104 of the repeater. 
The second circuit 150 is constructed in an identical man 

ner, and accordingly the elements 155, 160, 165, 170, 175, 
180 correspond to the elements 105, 110, 115, 120, 125 and 
130 of the first circuit 100. However, the second circuit 150 is 
connected across the two inputs 102,104 in a complementary 
manner to how the first circuit 100 is connected across the 
inputs 102,104. As a result, the first and second circuits 100, 
150 are used to detect transitions in the data value in opposing 
directions. Hence, by way of example, the first circuit 100 
may be arranged to detect a logic one to logic Zero transition 
at the input 102 or a logic Zero to a logic one transition at the 
input 104. Conversely, the second circuit 150 may be config 
ured to detect a transition from a logic Zero value to a logic 
one value at the first input 102 and a logic one value to a logic 
Zero value transition at the second input 104. 

At any point in time, one of the first and second circuits will 
be an active circuit monitoring the value of the data signal on 
the bidirectional communication path, whilst the other circuit 
will be a passive circuit that is not monitoring the value of the 
data signal. For the purposes of the example illustrated in 
FIG. 3A, it is assumed that the first circuit 100 is currently the 
active circuit, and the second circuit 150 is currently the 
passive circuit. Initially, the first circuit is operable in a low 
gain state, where the switches 110, 115 are closed in order to 
connect the transition detection circuitry 105 to the input 
signals. Accordingly, the transition detection circuitry 105 is 
active at this time. However, the control circuitry disables 
both drive circuits 120, 125 at this stage. 

Considering the second circuit 150 which is in the passive 
state, both the transition detection circuitry 155 and the drive 
circuitry 170, 175 are not active, and the switches 160,165 are 
open to decouple the transition detection circuitry from the 
inputs. 
The first circuit 100 remains in the low gain state illustrated 

in FIG. 3A until the transition detection circuitry detects a 
transition on either input. Accordingly, it may detect a tran 
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10 
sition from a logic one value to a logic Zero value on the input 
102 or alternatively may detect a logic Zero value to a logic 
one value transition on the input 104. As soon as such a 
transition is detected, the transition detection circuitry sends 
a signal to the control circuitry 130 which causes the control 
circuitry to open the switches 110, 115 thereby decoupling 
the transition detection circuitry from the inputs and placing 
it into the inactive state. At the same time, the drive circuits 
120, 125 are enabled to drive the inputs to their new value. 
Accordingly, the input 120 will be driven to the logic Zero 
value and the input 104 will be driven to the logic one value. 
In this state, the first circuit is said to be in the high gain state 
100. Through use of the above described mechanism, the 
inputs can rapidly be transitioned to the new flipped state. 
During this time, as shown in FIG.3B, the second circuit 150 
remains in the passive state. 
As shown in FIG. 3C, once the inputs 102, 104 have been 

driven to their new state, the control circuitry 130 will observe 
this new state via its connection to those inputs 102,104, and 
at that time will place the drive circuits 120, 125 into an 
inactive state, whereby the first circuit 100 enters the passive 
state and becomes the passive circuit. At the same time, the 
corresponding control circuitry 180 in the second circuit 150 
will also observe the state transition on the inputs 102, 104, 
and will cause the switches 160, 165 to be closed and the 
transition detection circuitry 155 to be activated, thereby 
causing the second circuit to enter the low gain state, and 
become the active circuit. At this point, the repeater is now 
self-configured to detect a Subsequent transition occurring at 
either input 102, 104. 
From the above description, it will be appreciated that the 

repeater of the above described embodiment is entirely self 
configuring, and its operation is identical irrespective of 
whether a transition occurs due to a signal being transmitted 
from the first processor core 10 to the second processor core 
12, or due to a signal being transmitted from the second 
processor core 12 to the first processor core 10. The repeater 
is also completely self-timed, and requires no clock signal for 
its operation. As a result, the repeater has no configuration 
overhead, thereby yielding both higher performance and less 
energy consumption when compared with a conventional 
repeater such as described earlier with reference to FIG. 1. 

FIG. 4 is a state transition diagram for the repeater 
described above with reference to FIGS 3A to 3C. In this 
diagram, the first circuit is referred to as TABS TOP and the 
second circuit is referred to as TABS BOT. As shown, the 
combination of processing states transitions between state 
200, state 210, state 220 and state 230. The first circuit when 
active is able to detect a transition at the first input 102 from 
a logic one value to a logic Zero value or a transition at the 
second input 104 from a logic Zero value to a logic one value, 
whilst the second circuit when active is able to detect a tran 
sition from a logic Zero value to a logic one value at the first 
input 102 or a logic one value to a logic Zero value transition 
at the second input 104. 

FIG. 5 is a detailed diagram of one embodiment of the first 
circuit 100. As discussed earlier, the second circuit 150 is 
identically constructed, but with its ports connected to oppo 
site nodes of the link so as to form a bidirectional repeater. 
As shown in FIG. 5, a PMOS transistor 300 and NMOS 

transistor 305 are arranged in a CMOS thyristor configura 
tion, and used as a transition amplifier. The circuit 100 senses 
a falling transition on input 102 or a rising transition on input 
104, thereby causing the thyristor to switch and pull both 
interconnect nodes to opposite Supply rails. 
As discussed earlier, both the first circuit and the second 

circuit have three operating states, namely a low gain state, a 
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high gain state and a passive state. In the absence of any 
switching, or when reset is asserted, the active circuit will be 
placed into the low gain state with the thyristor nodes pre 
charged/pre-discharged to Voltage levels where the sensing 
transistors have their lowest gain (V-0). In this low gain 
state, as illustrated schematically in FIG. 6A (where the com 
ponents used in the low gain state are labelled, and shown in 
bold), the sensing nodes S1 and S2 are connected to the inputs 
102, 104 through the transmission gates T1310 and T2 315 
that are turned on during the low gain state. The S1 and S2 
node Voltages are held by keeper circuits placed on the inputs 
102 and 104 (not shown). 
When the input 102 transitions from a high value to a low 

value, node S1 will initially follow the transition. This will 
cause the PMOS device 300 in the thyristor to gradually turn 
on, raising the Voltage at the node S2, thereby causing the 
NMOS thyristor device 305 to turn on. This regeneration 
mechanism causes the nodes S1 and S2 to Switch rapidly. 

The inverters 335, 330 are skewed with stronger NMOS 
(for the case of the inverter 335) and PMOS (for the case of the 
inverter 330) components to provide a faster response to the 
S1/S2 Switching, thereby producing output signals which 
cause the components 340, 346, 360 and 366 within the 
control circuitry to turn off the transmission gates 310,315. 
thereby decoupling the thyristor from the inputs. This 
decouples the nodes S1 and S2 from the inputs 102, 104, and 
allows for faster switching. 
Once the transistors 300,305 in the thyristor transition, the 

circuit 100 enters the high gain state shown in FIG. 6B (in 
FIG. 6B the components used in the high gain state being 
labelled, and shown in bold), where the sensing transistors 
have highest gain (V, V,y-Vor), this causing the large 
internal drivers 320, 325 to be strongly turned on via the 
inverters 330,335, thereby rapidly pulling the inputs 102,104 
towards the respective Supply rails to complete the transition 
of state. 
Once the inputs 102 and 104 have both transitioned, their 

delayed signal values in 1 d and in r denable the precharge 
signals cut in and cut p via the components 390, 392,394, 
these precharge signals serving to reset and hold the thyristor 
in its precharge State. 
As shown in FIG. 6C, the circuit then enters the passive 

state, where the elements 340, 342, 344, 346, 348 and 350 
within the control circuit are active, as are the corresponding 
elements 360, 362,364, 366, 368 and 370. In this state, both 
the drive circuits 320, 325 and the thyristor 300, 305 are 
inactive, and the thyristor is disconnected from the inputs. 
As also shown in FIG. 5, when the reset signal is asserted, 

this turns on the transistor 385 to turn off the transistor 305, 
and similarly turns on the transistor 380 in order to turn off the 
transistor 300. 

In one embodiment, to improve the speed of operation of 
the transistors 300, 305 forming the thyristor, those transis 
tors are constructed to have a lower threshold voltage than 
other transistors within the circuit. 

While one of the first circuit 100 or the Second circuit 150 
are in the low gain state, the other circuit 150, 100 is in the 
passive state. A transition on the interconnect causes the 
active circuit to Switch from the low gain to the passive state 
via the high gain state, while the other passive circuit transi 
tions from the passive state to the low gain state in order to 
become the active circuit and to thereafter begin sensing the 
interconnect to detect the next transition. 
The arrangement of repeater circuit according to the above 

described embodiment provides a number of advantages. 
Firstly, it provides a drop-in replacement for conventional 
repeaters within a standard cell based design flow. In particu 
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12 
lar, the fully static implementation allows such TABS repeat 
ers to be used as a standard cell in synthesis-based design 
flow. In addition, the repeater is self-timed and has no con 
figuration overhead, allowing significant performance 
increases and energy consumption savings. For example, in 
one specific implementation, the use of the repeater arrange 
ment of FIG.5 enabled an 8 mm interconnect to achieve 37% 
higher performance at 20% less energy per bit compared to 
conventional repeaters such as those illustrated in FIG. 1, 
when implemented in 65 nm CMOS at 1.0 volts. 

Furthermore, the absence of configuration logic obviates 
the need for clocking, simplifying the design flow and pro 
viding significantly improved energy efficiency for low data 
Switching activity, where clocking accounts for a significant 
proportion of the energy consumption within a conventional 
design. In particular, in one embodiment it was found that the 
design of FIG. 5 provided up to fourteen times better energy 
efficiency for low data switching activity. 

In addition, the design of FIG. 5 provides a robust opera 
tion across a wide range of supply Voltages, thereby allowing 
its use in a wide variety of implementations. In addition to 
improving performance, these features increase the optimal 
repeater insertion interval, yielding a significant reduction in 
the number of repeaters required along a bidirectional com 
munication path when compared with conventional repeaters. 
In one particular example, it was found that the insertion 
interval could be increased from 625 um to 1 mm yielding 
38% fewer repeaters within the bidirectional communication 
path. Further, at 1.5 mm spacing, the energy efficiency was 
found to be improved by 51% and the repeater count was 
reduced by 58% while maintaining iso-performance with 
conventional optimally spaced repeaters. 

In addition to being used as a repeater, a similar circuit 
arrangement can also be used to provide a synchronous ver 
sion of the repeater for use at Synchronising boundaries in 
place of conventional bidirectional flip flops, giving rise to 
significant area savings when compared with Such conven 
tional bidirectional flip flops. 
The arrangement of the circuitry when operating as Such a 

flip flop is illustrated schematically in FIG. 7A. As will be 
seen from a comparison with FIG. 3A, the basic circuit 
arrangement is very similar, and hence the components 405. 
410, 415, 420, 425 and 430 within the first circuit 400 corre 
spond generally with the components 105, 110, 115, 120, 
125, 130 in the first circuit 100 of FIG. 3A. Similarly, the 
components 455, 460, 465, 470, 475 and 480 of the second 
circuit 450 correspond generally with the components 155, 
160, 165, 170, 175 and 180 of the second circuit 150 of FIG. 
3A. 

However, in this embodiment, rather than the control cir 
cuits 430, 480 monitoring the inputs 402,404 directly, those 
inputs are instead provided to configuration circuitry 490 
which is controlled in dependence on the clock signal. In 
particular, the value of those inputs on the falling edge of the 
clock signal is latched within the configuration circuitry and 
used to generate two control signals referred to in FIG. 7A as 
PASS TOP and PASS BOT. The PASS TOP signal is pro 
vided to the control circuitry 430 within the first circuit 400, 
whilst the PASS BOT signal is provided to the control cir 
cuitry 480 within the second circuit 450. A more detailed 
discussion of how those signals are generated will be pro 
vided later with reference to FIG. 8. 
As will be apparent from a comparison of FIGS. 7A to 7C 

with the earlier described FIGS. 3A to 3C, the basic operation 
is the same, with one circuit being the active circuit and the 
other circuit being the passive circuit at any point in time, and 
with the active circuit transitioning from the low gain state to 



US 8,713,232 B2 
13 

the high gain state and thereafter to the passive state to then 
become the passive circuit, whilst the passive circuit stays in 
the passive state until the transition has fully taken place, 
whereafter it becomes the active circuit to monitor the bidi 
rectional communication path for the next transition. 

FIG. 8 is a diagram illustrating in more detail the compo 
nents provided within the first circuit 400 of FIG. 7A, and the 
components provided within the configuration circuitry 490. 
The two transistors 500,505 form the thyristor used to imple 
ment the transition detection circuitry 405. The switches 410 
and 415 are provided by the transistors 510,515 and the drive 
circuits 420,425 are formed by the drive transistors 520,525. 
The control circuitry is formed by the NAND gate 540, NOR 
gate 550 and the various transistors 580, 582, 584,586. The 
basis operation is as described earlier for the circuit of FIG. 5. 
However, instead of the value on the inputs being used to 
directly transition the circuit from the high gain state into the 
passive state, or from the passive state into the low gain state, 
the PASS TOP and PASS BOT signals generated by the 
configuration circuitry 490 are used. In particular, as shown in 
FIG. 8, a 6T SRAM cell is formed by the components 560, 
562,564,566, and the direction of the transition is stored into 
that 6TSRAM cell based on the state of the interconnect at the 
falling edge of the clock signal. In particular, the pulse gen 
erator 570 generates a pulse signal in response to the falling 
edge of the clock, which causes the 6T SRAM cell to sample 
the value on the inputs. 
As is apparent from the components 572, 574, 576, 578, 

dependent on the value stored within the 6T SRAM cell, 
either the PASS TOP signal or the PASS BOT signal will be 
set, whilst the other signal is not set. If the PASS TOP signal 
is set, then the circuit 400 will be the active circuit, whereas if 
the PASS BOT signal is set, then the circuit 450 will be the 
active circuit. Hence, at the start of each clock cycle, one of 
the circuits will be the active circuit, whilst the other will be 
the passive circuit dependent on the values of the PASS TOP 
and PASS BOT signals. 

From the above description of FIG. 8, it will be seen that 
Such an arrangement provides a synchronous version of the 
repeater structure for use at Synchronising boundaries in 
place of convention bidirectional flip flops, and in one imple 
mentation has been found to provide a 36% area saving when 
compared with the use of conventional bidirectional flip flops. 

FIG. 9 is a flow diagram schematically illustrating the 
operation of each of the first circuit and second circuit of 
either the repeater of FIG. 5 or the flip flop structure of FIG. 
8. At step 600, the circuit determines whether it is the active 
circuit and, if so, at step 605 determines whether it is in the 
low gain state. If it is in the low gain state, then it is determined 
at step 610 whether a transition has been detected by the 
thyristor. If not, the process remains at step 610 until a tran 
sition is detected, whereafter the process proceeds to step 
615, where the high gain state is entered. Thereafter, the 
process returns to step 605. 
At step 605 it is then determined that the current state is not 

the low gain state, and accordingly the process branches to 
step 620, where it is determined whether the data signal has 
been driven to the opposite value (i.e. where the transition has 
fully taken place). As discussed earlier, the drive transistors 
will at this point be strongly driving the input nodes to the 
required opposite values. The process stays at Step 620 until 
the data signal has been driven to the opposite value, where 
after the process proceeds to step 625, where the circuit enters 
the passive state, and hence becomes the passive circuit. 
Thereafter, the process returns to step 600. 

This time, at step 600, it will be determined that the circuit 
is not the active circuit, and accordingly the process branches 
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to step 630, where it is determined whether the data signal has 
been driven to the opposite value by the active circuit. The 
process remains at step 630 until this is the case, whereafter 
the process transitions to step 635, where the circuit enters the 
low gain state, and hence becomes the active circuit. There 
after, the process returns to step 600. 
The TABS structures discussed earlier offer three key 

advantages over conventional inverter-based repeaters. 
Firstly, the regeneration followed by decoupling mechanism 
makes Switching latency less dependent on slow slew rates on 
long interconnects as commonly seen in global wires. In a 
conventional repeater a transition is performed only by the 
driver, as opposed to the TABS approach where the receiver 
aids the driver after detection. In addition, the internal feed 
back and State tracking mechanism eliminates the need for a 
global Synchronising signal. 

FIG. 10A is a graph illustrating the energy consumption 
savings achievable when using the TABS structures of the 
described embodiments, when compared with conventional 
repeaters, for the example of 65 nm technology operating at 
25°C. As illustrated, due to the absence of any configuration 
overhead, the TABS technique improves energy efficiency by 
between 27 and 47% with increasing bidirectional traffic at 
iso-throughput of 602 Mb/s per link. The bidirectional traffic 
probability indicates the probability of the direction of traffic 
changing. As expected, the more often the direction changes, 
the greater the energy saving that arises when using the TABS 
technique, due to there being no requirement for any configu 
ration to be performed when using the TABS approach (as 
contrasted with the conventional approach described earlier 
with reference to FIG. 1, where the various flip flops 30 will 
need to be reconfigured every time the direction changes). 

FIG. 10B is a graph illustrating the energy savings that 
arise due to the avoidance for the need for clocking when 
using the TABS structures of the described embodiments. The 
switching activity is a measure of the likelihood that the data 
will transition state. Hence, in this example it is being 
assumed that the direction is not changing, with a Switching 
activity of Zero indicating that the data is static and a Switch 
ing activity of one indicating that the data is Switching each 
clock cycle. As can be seen, when the data is static, the TABS 
technique uses no energy, whilst the conventional approach 
still consumes energy due to the various flip flops 30 being 
clocked. Hence, when the data is static, this gives rise to the 
largest relative energy saving. Conversely as the amount of 
Switching increases, the percentage energy saving decreases 
since the energy consumed due to clocking becomes a less 
significant proportion of the overall energy consumed. 
The improved performance that results from using the 

above described TABS approach can be exploited for further 
energy efficiency gains by increasing the insertion interval. 
Due to the increased insertion intervals that can be realised 
when using the TABS structures of the above described 
embodiments, this makes such TAB structures highly suitable 
for use in bidirectional communication links that run over 
caches and other IP blocks that prohibit frequent repeater 
insertion. 

Although particular embodiments have been described 
herein, it will be appreciated that the invention is not limited 
thereto and that many modifications and additions thereto 
may be made within the scope of the invention. For example, 
various combinations of the features of the following depen 
dent claims could be made with the features of the indepen 
dent claims without departing from the scope of the present 
invention. 
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We claim: 
1. An apparatus for transferring a data signal propagated 

along a bidirectional communication path within a data pro 
cessing apparatus, comprising: 

a first circuit and a second circuit connected in parallel to 
the bidirectional communication path, at any point in 
time one of the first and second circuits being an active 
circuit monitoring a value of the data signal on the bidi 
rectional communication path and the other of the first 
and second circuits being a passive circuit that is not 
monitoring the value of the data signal; 

each of the first circuit and the second circuit comprising: 
transition detection circuitry configured, when con 

nected to the bidirectional communication path, to 
detect a transition in an initial value of the data signal 
on the bidirectional communication path; 

Switch circuitry configured to selectively connect the 
transition detection circuitry to the bidirectional com 
munication path; 

drive circuitry configured when active to be responsive 
to detection of the transition by the transition detec 
tion circuitry to drive the data signal on the bidirec 
tional communication path to an opposite value to the 
initial value; and 

control circuitry configured to control the operation of 
the transition detection circuitry, Switch circuitry and 
drive circuitry; 

the active circuit initially being in a low gain state where 
the Switch circuitry connects the transition detection 
circuitry to the bidirectional communication path, and 
the drive circuitry is not active: 

the control circuitry of the active circuit being responsive to 
a signal from the transition detection circuitry indicating 
that said transition has been detected, to cause the active 
circuit to enter a high gain state where the Switch cir 
cuitry disconnects the transition detection circuitry from 
the bidirectional communication path, and the drive cir 
cuitry is activated in order to drive the data signal on the 
bidirectional communication path to said opposite 
value; 

the control circuitry of the one of the first and second 
circuits which is currently the active circuit being con 
figured, following the data signal being driven to said 
opposite value, to place that one of the first and second 
circuits in a passive state where it then becomes the 
passive circuit; and 

the control circuitry of the other one of the first and second 
circuits which is currently the passive circuit being con 
figured, following the data signal being driven to said 
opposite value, to place that other one of the first and 
second circuits in said low gain state where it then 
becomes the active circuit. 

2. An apparatus as claimed in claim 1, wherein the appa 
ratus forms a repeater placed within the bidirectional com 
munication path to amplify the data signal as that signal is 
propagated along the bidirectional communication path. 

3. An apparatus as claimed in claim 2, wherein the control 
circuitry in each of the first and second circuits receives as 
control input signals said signal from the transition detection 
circuitry indicating that said transition has been detected, and 
a signal indicative of the value of the data signal on the 
bidirectional communication path at an input to the first and 
second circuits, and is configured to control the transition of 
the associated first and second circuit between said passive 
state, said low gain state and said high gain state in depen 
dence on those control input signals. 
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4. An apparatus as claimed in claim 3, wherein: 
if the value of the data signal at said input is a first value, the 

control circuitry of the first circuit is configured to place 
that first circuit in said low gain state where the first 
circuit is the active circuit, and the control circuitry of 
the second circuit is configured to place that second 
circuit in said passive state where the second circuit is 
the passive circuit; and 

if the value of the data signal at said input is a second value, 
the control circuitry of the second circuit is configured to 
place that second circuit in said low gain state where the 
second circuit is the active circuit, and the control cir 
cuitry of the first circuit is configured to place that first 
circuit in said passive state where the first circuit is the 
passive circuit. 

5. An apparatus as claimed in claim 4, wherein: 
when the transition detection circuitry of the active circuit 

detects said transition, the control circuitry of the active 
circuit is configured to cause that active circuit to change 
from the low gain state to the high gain state; and 

the control circuitry of the passive circuit is configured to 
retain the passive circuit in the passive state until after 
the data signal has been driven to said opposite value by 
the operation of the active circuit in said high gain state. 

6. An apparatus as claimed in claim 2, wherein said 
repeater acts as an inverter. 

7. An apparatus as claimed in claim 2, wherein said 
repeater acts as a buffer. 

8. An apparatus as claimed in claim 1, wherein the appa 
ratus forms a state retention element placed within the bidi 
rectional communication path to latch the data signal propa 
gated along the bidirectional communication path in 
dependence on a clock signal. 

9. An apparatus as claimed in claim 8, further comprising: 
a configuration storage element configured to store a con 

trol value indicative of the value of the data signal on the 
bidirectional communication path at an input to the first 
and second circuits during a predetermined transition in 
the clock signal; 

wherein the control circuitry in each of the first and second 
circuits receives as control input signals said signal from 
the transition detection circuitry indicating that said 
transition has been detected, and said control value 
stored in said configuration storage element, and is con 
figured to control the transition of the associated first and 
second circuit between said passive state, said low gain 
state and said high gain state in dependence on those 
control input signals. 

10. An apparatus as claimed in claim 9, wherein: 
if said control value stored in said configuration storage 

element is a first value, the control circuitry of the first 
circuit is configured to place that first circuit in said low 
gain state where the first circuit is the active circuit, and 
the control circuitry of the second circuit is configured to 
place that second circuit in said passive state where the 
second circuit is the passive circuit; and 

if said control value stored in said configuration storage 
element is a second value, the control circuitry of the 
second circuit is configured to place that second circuit 
in said low gain state where the second circuit is the 
active circuit, and the control circuitry of the first circuit 
is configured to place that first circuit in said passive 
state where the first circuit is the passive circuit. 

11. An apparatus as claimed in claim 10, wherein: 
when the transition detection circuitry of the active circuit 

detects said transition, the control circuitry of the active 
circuit is configured to cause that active circuit to change 
from the low gain state to the high gain state; and 
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the control circuitry of the passive circuit is configured to 
retain the passive circuit in the passive state until after 
the control value Stored in said configuration storage 
element has been updated following the next predeter 
mined transition in said clock signal. 

12. An apparatus as claimed in claim 9, further comprising 
a pulse generator configured to generate an activation pulse 
on occurrence of said predetermined transition in said clock 
signal, the activation pulse causing the configuration storage 
element to update the stored control value to indicate the 
current value of the data signal on the bidirectional commu 
nication path at said input to the first and second circuits. 

13. An apparatus as claimed in claim 9, wherein said pre 
determined transition in said clock signal is a falling edge of 
the clock signal. 

14. An apparatus as claimed in claim 1, wherein the tran 
sition detection circuitry comprises a pair of transistors 
arranged in a thyristor configuration. 

15. An apparatus as claimed in claim 14, wherein both 
transistors of said pair are constructed to have a lower thresh 
old Voltage than other transistors within said apparatus. 

16. An apparatus as claimed in claim 1, wherein the tran 
sition detection circuitry comprises: 

a pair of sensing nodes connected via the Switch circuitry to 
said bidirectional communication path; and 

skewed inverter circuitry connected to said pair of sensing 
nodes and configured to generate the signal indicating 
that said transition has been detected. 

17. An apparatus as claimed in claim 1, wherein the appa 
ratus has first and second input connections to said bidirec 
tional communication path, the apparatus further comprising: 

reset circuitry responsive to a reset condition to reset the 
value of the data signal at said first and second input 
connections to a predetermined State. 

18. An apparatus as claimed in claim 17, wherein the appa 
ratus forms an inverter, and the reset circuitry is responsive to 
the reset condition to reset the value of the data signal to a 
logic 1 value at one of said first and second input connections 
and to a logic 0 value at the other one of said first and second 
input connections. 

19. An interconnect structure for a data processing appa 
ratus comprising: 

a bidirectional communication path configured to route a 
data signal between first and second processing blocks 
of the data processing apparatus; and 

a plurality of repeater circuits distributed along said bidi 
rectional communication path in order to separate said 
bidirectional communication path into a series of bidi 
rectional communication path portions, each repeater 
circuit comprising an apparatus as claimed in claim 1. 

20. An interconnect structure as claimed in claim 19, fur 
ther comprising: 

reset circuitry responsive to a reset condition to reset the 
value of the data signal on each bidirectional communi 
cation path portion to a predetermined State. 

21. An interconnect structure as claimed in claim 20, 
wherein each repeater forms an inverter, and the reset cir 
cuitry is responsive to the reset condition to reset the value of 
the data signal to a logic 1 value on every alternate bidirec 
tional communication path portion, and to a logic 0 value on 
every other bidirectional communication path portion. 

22. A method of operating an apparatus to transfer a data 
signal propagated along a bidirectional communication path 
within a data processing apparatus, the apparatus comprising 
a first circuit and a second circuit connected in parallel to the 
bidirectional communication path, at any point in time one of 
the first and second circuits being an active circuit monitoring 
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a value of the data signal on the bidirectional communication 
path and the other of the first and second circuits being a 
passive circuit that is not monitoring the value of the data 
signal, each of the first circuit and the second circuit compris 
ing: transition detection circuitry for detecting, when con 
nected to the bidirectional communication path, a transition 
in an initial value of the data signal on the bidirectional 
communication path; Switch circuitry for selectively connect 
ing the transition detection circuitry to the bidirectional com 
munication path; drive circuitry which when active is respon 
sive to detection of the transition by the transition detection 
circuitry to drive the data signal on the bidirectional commu 
nication path to an opposite value to the initial value; and 
control circuitry for controlling the operation of the transition 
detection circuitry, switch circuitry and drive circuitry, the 
method comprising: 

initially placing the active circuit in a low gain state where 
the Switch circuitry connects the transition detection 
circuitry to the bidirectional communication path, and 
the drive circuitry is not active; 

causing the control circuitry of the active circuit, in 
response to a signal from the transition detection cir 
cuitry indicating that said transition has been detected, to 
place the active circuit in a high gain state where the 
Switch circuitry disconnects the transition detection cir 
cuitry from the bidirectional communication path, and 
the drive circuitry is activated in order to drive the data 
signal on the bidirectional communication path to said 
opposite value; 

following the data signal being driven to said opposite 
value, causing the control circuitry of the one of the first 
and second circuits which is currently the active circuit 
to place that one of the first and second circuits in a 
passive state where it then becomes the passive circuit; 
and 

following the data signal being driven to said opposite 
value, causing the control circuitry of the other one of the 
first and second circuits which is currently the passive 
circuit to place that other one of the first and second 
circuits in said low gain state where it then becomes the 
active circuit. 

23. An apparatus for transferring a data signal propagated 
along a bidirectional communication path within a data pro 
cessing apparatus, comprising: 

first means and second means for connecting in parallel to 
the bidirectional communication path, at any point in 
time one of the first and second means being an active 
means for monitoring a value of the data signal on the 
bidirectional communication path and the other of the 
first and second means being a passive means for not 
monitoring the value of the data signal; 

each of the first means and the second means comprising: 
transition detection means for detecting, when con 

nected to the bidirectional communication path, a 
transition in an initial value of the data signal on the 
bidirectional communication path; 

Switch means for selectively connecting the transition 
detection means to the bidirectional communication 
path; 

drive means for driving, when active and in response to 
detection of the transition by the transition detection 
means, the data signal on the bidirectional communi 
cation path to an opposite value to the initial value; 
and 

control means for controlling the operation of the tran 
sition detection means, Switch means and drive 
means, 
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the active means initially being in a low gain state where 
the Switch means connects the transition detection 
means to the bidirectional communication path, and the 
drive means is not active; 

the control means of the active means, responsive to a 5 
signal from the transition detection means indicating 
that said transition has been detected, for causing the 
active means to enter a high gain state where the Switch 
means disconnects the transition detection means from 
the bidirectional communication path, and the drive 10 
means is activated in order to drive the data signal on the 
bidirectional communication path to said opposite 
value; 

the control means of the one of the first and second means 
which is currently the active means, following the data 15 
signal being driven to said opposite value, for placing 
that one of the first and second means in a passive state 
where it then becomes the passive means; and 

the control means of the other one of the first and second 
means which is currently the passive means, following 20 
the data signal being driven to said opposite value, for 
placing that other one of the first and second means in 
said low gain state where it then becomes the active 
CaS. 
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