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DESIGN STRUCTURE FORA FLEXIBLE 
MULTIMODE LOGIC ELEMENT FOR USE IN 
A CONFIGURABLE MIXED-LOGIC SIGNAL 

DISTRIBUTION PATH 

FIELD OF THE DISCLOSURE 

The present disclosure generally relates to the ?eld of 
optimizing signal distribution paths in integrated circuits. In 
particular, the present disclosure is directed to a design struc 
ture for a method of controlling the performance of an inte 
grated circuit path having a multi-mode circuit dynamically 
sWitchable among a plurality of operating modes. 

BACKGROUND 

Very high speed signals must be distributed across an inte 
grated circuit (IC) chip and, With advances in semiconductor 
technology, the variation in the total delay of a digital signal 
path is becoming a larger and larger problem in submicron 
technologies. One approach to addressing this variability is to 
employ current-mode logic (CML) circuits for high speed 
signal distribution. CML is a CMOS analog logic family that 
Works by diverting current from one path to another, rather 
than by sWitching transistors on and off. CML is character 
iZed by very fast operating speeds and highpoWer dissipation. 
In order to achieve the speed requirements of today’s IC 
designs, large CML circuits that operate at very high poWer 
may be utiliZed. Alternatively, a signal distribution path may 
include a mix of high-poWer signal distribution blocks, such 
as CML circuits, and loW-poWer signal distribution blocks, 
such as digital complementary metal-oxide semiconductor 
(CMOS) circuits. Digital CMOS is a MOS logic family that 
uses both p-type and n-type material for the channels and is 
characterized by having loWer poWer consumption per gate. 

It is favorable to transmit high speed signals While expend 
ing very loW poWer. Because the fabrication process is Widely 
variable it may be possible to operate at a certain desired 
frequency using a string of loW-poWer signal distribution 
blocks, such as digital CMOS circuits, in the signal distribu 
tionpath that is located in a fast IC chip (i.e., fast due to certain 
fabrication process conditions that result in certain circuit 
characteristics). By contrast, a sloW IC chip (i.e., sloW due to 
different fabrication process conditions that result in different 
circuit characteristics), the loW-poWer signal distribution 
blocks may not be capable of transmitting the signal at the 
desired frequency. Because circuit designers are required to 
design for a certain performance under the Worst possible 
semiconductor process conditions, they may be required to 
design entirely With high-poWer signal distribution blocks, 
Which is inef?cient and Wasteful in an IC chip that is capable 
of transmitting high speed signals With loW-poWer signal 
distribution blocks. 
A need exists for a ?exible multimode logic element that is 

suitable for use in a con?gurable mixed-logic signal distribu 
tion path, in order to provide a digital signal path that is 
programmable to include combinations of high-poWer and/or 
loW-poWer signal distribution blocks, While maintaining a 
certain desired performance level. 

SUMMARY OF THE DISCLOSURE 

In one embodiment, the present disclosure is directed to a 
design structure embodied in a machine readable medium 
used in a design process for a method of controlling the 
performance of an integrated circuit path having a multi 
mode circuit dynamically sWitchable among the folloWing 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
operating modes: a full-sWing mode, a limited-sWing mode, a 
full-sWing to limited-sWing converter mode, and a limited 
sWing to full-sWing converter mode. The design structure of 
the method includes a means for determining a desired per 
formance level of the integrated circuit path; and a means for 
dynamically sWitching the operating mode of the multi-mode 
circuit based on the desired performance level. 

In another embodiment, the present disclosure is directed 
to a design structure embodied in a machine readable medium 
for performing a method of controlling a performance of an 
integrated circuit path having a plurality of multi-mode cir 
cuits, each of the plurality of multi-mode circuits being 
dynamically sWitchable among the folloWing operating 
modes: a full-sWing mode, a limited-sWing mode, a full 
sWing to limited-sWing converter mode, and a limited-sWing 
to full-sWing converter mode. The design structure of the 
method includes a means for determining a desired perfor 
mance level of the integrated circuit path; a means for 
dynamically sWitching the operating mode of at least one of 
the plurality of multi-mode circuits based on the desired 
performance level; and a means for dynamically determining 
the optimal location in the integrated circuit path for setting 
an operating mode of one of the plurality of multi-mode 
circuits to a converter mode selected from the group consist 
ing of a full-sWing to limited-sWing converter mode and a 
limited-sWing to full-sWing converter mode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For the purpose of illustrating the invention, the draWings 
shoW aspects of one or more embodiments of the invention. 
HoWever, it should be understood that the present invention is 
not limited to the precise arrangements and instrumentalities 
shoWn in the draWings, Wherein: 

FIG. 1 illustrates a high level block diagram of one embodi 
ment of a multimode circuit that is selectable to operate in one 
of multiple operating modes; 

FIG. 2 illustrates a schematic diagram of another embodi 
ment of a multimode circuit that is selectable to operate in one 
of multiple operating modes; 

FIG. 3 illustrates a schematic diagram of an example mul 
timode circuit set to operate in a full-sWing mode; 

FIG. 4 illustrates an input/output signal plot of an example 
multimode circuit; 

FIG. 5 illustrates a schematic diagram of an example mul 
timode circuit set to operate in a limited-sWing mode and/ or a 
full-sWing to limited-sWing converter mode; 

FIG. 6 illustrates an input/output signal plot of an example 
multimode circuit set to operate in a limited-sWing mode; 

FIG. 7 illustrates an input/output signal plot of an example 
multimode circuit set to operate in a full-sWing to limited 
sWing converter mode, as shoWn in FIG. 5; 

FIG. 8 illustrates a schematic diagram of an example mul 
timode circuit set to operate in a limited-sWing to full-sWing 
converter mode; 

FIG. 9 illustrates an input/output signal plot of an example 
multimode circuit set to operate in a limited-sWing to full 
sWing converter mode; 

FIG. 10 illustrates a high level block diagram of one 
embodiment of an integrated circuit that includes an example 
con?gurable distribution path that is formed of a string of 
exemplary multimode circuits; 

FIG. 11 illustrates a schematic diagram of one example 
instance of a mode select logic that is suitable for use With a 
multimode circuit; 
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FIG. 12 illustrates a high level block diagram of an 
example of a con?gurable distribution path that is formed of 
a string of exemplary multimode circuits; 

FIG. 13 illustrates a high level block diagram of an 
example of a controller circuit that is suitable for use With a 
con?gurable distribution path that is formed of a string of 
exemplary multimode circuits; 

FIG. 14 illustrates a high level block diagram of an 
example of an optimiZation circuit that is suitable for deter 
mining an optimum point of conversion in a con?gurable 
distribution path; 

FIG. 15 illustrates a high level block diagram of another 
example of an optimiZation circuit that is suitable for deter 
mining an optimum point of conversion in a con?gurable 
distribution path; 

FIG. 1 6 illustrates a high level block diagram of yet another 
example of an optimiZation circuit that is suitable for deter 
mining an optimum point of conversion in a con?gurable 
distribution path; 

FIG. 17 illustrates a high level block diagram of still 
another example of an optimiZation circuit that is suitable for 
determining an optimum point of conversion in a con?g 
urable distribution path; 

FIG. 18 illustrates a high level block diagram of still yet 
another example of an optimiZation circuit that is suitable for 
determining an optimum point of conversion in a con?g 
urable distribution path; and 

FIG. 19 is a How diagram of a design process used in 
semiconductor design, manufacturing, and/or test. 

DETAILED DESCRIPTION 

The present invention is directed to a design structure for a 
method of controlling the performance of an integrated cir 
cuit path having a multi-mode circuit dynamically sWitchable 
among a plurality of operating modes. FIG. 1 illustrates a high 
level block diagram of a multimode circuit 100 that is con 
?gured to alloW dynamic selection of its operating mode to 
any one of multiple operating modes. In particular, multi 
mode circuit 100 may be a multimode logic element (e.g., a 
multimode buffer circuit) that is capable of operating in one 
of multiple modes. In one example, the operating modes of 
multimode circuit 100 may be dynamically selectable in real 
time (e.g., during run time of a circuit in Which multimode 
circuit 100 is installed, at the time of running a test on a circuit 
in Which multimode circuit 100 is installed). One instance of 
multimode circuit 100 may operate in standalone or, alterna 
tively, multiple instances of multimode circuit 100 may oper 
ate in combination With one another (e.g., in a distribution 
path). In one example embodiment, a dynamically selectable 
mode of operation of an example multimode circuit, such as 
multimode circuit 100, may alloW for modi?cation of distri 
bution path characteristics after production of an integrated 
circuit that includes the distribution path. In another example 
embodiment, a dynamically selectable mode of operation of 
an example multimode circuit, such as multimode circuit 1 00, 
may alloW for modi?cation of the multimode circuit’s oper 
ating mode at the time of manufacturing test. In one example, 
a mode of operation may be selected at the time of manufac 
turing test and ?xed prior to normal operation of the circuit. In 
yet another example embodiment, a dynamically selectable 
mode of operation of an example multimode circuit, such as 
multimode circuit 100, may alloW for optimiZation of poWer 
dissipation at given performance of an integrated circuit hav 
ing the multimode circuit therein. 

Multimode circuit 100 may include an input signal IN and 
an output signal OUT. Input signal IN may include a single 
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4 
input line or multiple input lines. In one example, input signal 
IN may include tWo full-sWing complimentary input lines. In 
another example, input signal IN may include tWo differential 
complimentary input lines. Output signal OUT may include a 
single output line or multiple output lines. In one example, 
output line OUT may include tWo full-sWing complimentary 
output lines. In another example, output line OUT may 
include tWo differential complimentary input lines. The dis 
tinction betWeen “full-sWing complimentary” signals and 
“differential complimentary” signals is set forth in detail 
beloW. 

Multimode circuit 100 may also include one or more con 

trol bit inputs 104. One or more control bit inputs 104 may 
include any number of input lines required to provide instruc 
tion to multimode circuit 100 for setting an operating mode 
amongst the multiple possible operating modes of multimode 
circuit 100. Multimode circuit 100 may also include one or 
more adjustable bias voltage inputs 108. One or more adjust 
able bias voltage inputs 108 may provide an ability to tune an 
aspect (e.g., poWer) of multimode circuit 100. Example 
implantations for one or more adjustable bias voltage inputs 
108 are described in more detail beloW. 
Multimode circuit 100 may include electrical connections 

to one or more poWer supplies. For example, multimode 
circuit 100 is illustrated With a ?rst poWer supply P/ S 1 (e. g., 
a ?rst poWer rail) and a second poWer supply P/ S 2 (e.g., a 
second poWer rail). In one example, multimode circuit 100 
may be interposed betWeen ?rst and second poWer supplies 
P/S 1 and P/S 2. The voltage of one or more poWer supplies 
(e.g., poWer supplies P/ S 1 and P/ S 2) may be any voltage as 
required by a particular application. In one example, poWer 
supply P/S 1 may be a ground voltage of about 0 volts. In 
another example, poWer supply P/ S 2 may be at a core logic 
voltage (e. g., Vcc, Vdd). In yet another example, poWer sup 
ply P/ S 2 may have a voltage more positive than that of poWer 
supply P/ S 1 by an amount that is su?icient to ensure proper 
operation of a speci?c circuit. 
The mode of operation of multimode circuit 100 may be set 

utiliZing one or more input parameters, as is discussed in 
further detail herein. Example input parameters that may 
impact the mode of operation of multimode circuit 100 
include, but are not limited to, one or more control bit inputs 
104, input signal IN, one or more bias voltage inputs 108, and 
any combinations thereof. Example modes of operation for 
multimode circuit 100 include, but are not limited to, a full 
sWing mode, a limited-sWing mode, a full-sWing to limited 
sWing converter mode, and a limited-sWing to full-sWing 
converter mode. Table 110 of FIG. 1 illustrates states of input 
signal IN and output signal OUT for these four exemplary 
modes of operation. 
One example operating mode is a full-sWing mode. In a 

full-sWing mode, multimode circuit 100 may operate such 
that input signal IN and output signal OUT have a “full” 
voltage sWing in relation to the voltage potential betWeen ?rst 
poWer supply P/S 1 and second poWer supply P/S 2. In one 
embodiment, a multimode circuit (e. g., multimode circuit 
100) set to operate in a full-sWing mode may operate as a loW 
poWer signal distribution block, such as a CMOS circuit. An 
example multimode circuit set to operate in full-sWing mode 
is illustrated beloW With respect to FIGS. 3 and 4. In one 
aspect, a full sWing may be characterized by a signal that is at 
about the voltage of a ?rst poWer supply (e. g., Vdd), about the 
voltage of a second poWer supply (e.g., ground), or transition 
ing betWeen these tWo values. In another aspect, a full voltage 
sWing may be characterized by a signal having an electrical 
potential representing a binary “ l ” and an electrical potential 
representing a binary “0” With the “0” value represented by a 
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voltage that is about the voltage of a ?rst power supply (e.g., 
power supply P/ S 1) and the “1” value represented by a 
voltage that is about the voltage of a second poWer supply 
(e.g., poWer supply P/S 2). In one example of a full swing, 
When ?rst poWer supply P/ S 1 is about 0 volts (ground) and 
second poWer supply P/ S 2 is about 1.2 volts, the signal 
voltage sWing of input signal IN and output signal OUT may 
be from about 0. volts to about 1.2 volts (i.e., CMOS levels), 
as shoWn in FIG. 4.A “full-sWing complimentary” signal may 
be a pair of full sWing signals in Which one signal in the pair 
is at the “1” level Whenever the other signal in the pair is at the 
“0” level. 

Another example operating mode is a limited-sWing mode. 
In a limited-sWing mode, multimode circuit 100 may operate 
such that input signal IN and output signal OUT have a 
“limited” voltage sWing in relation to the voltage potential 
betWeen ?rst poWer supply P/ S 1 and second poWer supply 
P/S 2. In one embodiment, a multimode circuit (e.g., multi 
mode circuit 100) set to operate in a limited-sWing mode may 
operate as a high poWer signal distribution block, such as a 
CML circuit. An example multimode circuit set to operate in 
a limited-sWing mode is illustrated beloW With respect to 
FIGS. 5 and 6. In one aspect, a limited voltage sWing may be 
characterized by node voltages that sWitch in a region 
betWeen a ?rst poWer supply (e. g., Vdd) and a second poWer 
supply (e.g., ground), but never reach a voltage of the ?rst 
poWer supply and/or a voltage of the second poWer supply. In 
another aspect, a limited voltage sWing may be characterized 
by a signal having an electrical potential representing a binary 
“1” and an electrical potential representing a binary “0” With 
the “0” value represented by a voltage that is about the voltage 
of a ?rst poWer supply (e.g., poWer supply P/ S 1) minus some 
predetermined amount (e. g., “sWing”), and the “1” value 
represented by a voltage that is about the voltage of a second 
poWer supply (e. g., poWer supply P/ S 2). In one example of a 
limited sWing, When ?rst poWer supply P/ S 1 is about 0 volts 
(ground) and secondpoWer supply P/ S 2 is about 1.2 volts, the 
signal voltage sWing of input signal IN and output signal OUT 
may be from about 0.6 volts to about 1.1 volts (i.e., CML 
levels), as shoWn in FIG. 6. 

Yet another example operating mode is a full-sWing to 
limited-sWing converter mode. In a full-sWing to limited 
sWing converter mode, multimode circuit 100 may operate as 
a signal distribution block that translates a full-sWing input 
signal (e. g., full-sWing CMOS levels) to a limited-sWing out 
put signal (e.g., loW-sWing CML levels). In one example, 
input signal IN may be fed by a loW-poWer signal distribution 
block, such as a CMOS circuit, and output signal OUT output 
may drive a high-poWer signal distribution block, such as a 
CML circuit or additional multimode circuit. In one example, 
When ?rst poWer supply P/ S 1 is about 0 volts (ground) and 
second poWer supply P/ S 2 is about 1.2 volts, the signal 
voltage sWing of input signal IN may be from about 0 volts to 
about 1.2 volts (i.e., digital CMOS levels), and the signal 
voltage sWing of output signal OUT may be from about 0.6 
volts to about 1.1 volts (i.e., CML levels), as shoWn in FIG. 6. 

Still another example operating mode is a limited-sWing to 
full-sWing converter mode. In a limited-sWing to full-sWing 
converter mode, multimode circuit 100 may operate as a 
signal distribution block that translates a limited-sWing input 
signal (e.g., loW-sWing CML levels) to a full-sWing output 
signal (e.g., full-sWing CMOS levels). In one example input 
signal IN may be fed by a high-poWer signal distribution 
block, such as a CML circuit, and output signal OUT may 
drive a loW-poWer signal distribution block, such as a CMOS 
circuit. In one example, When ?rst poWer supply P/ S 1 is about 
0 volts (ground) and second poWer supply P/S 2 is about 1.2 
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volts, the signal voltage sWing of input signal IN may be from 
about 0.6 volts to about 1.1 volts (i.e., CML levels), and the 
signal voltage sWing of output signal OUT may be from about 
0 volts to about 1.2 volts (i.e., CMOS levels), as shoWn in FIG. 
9. 

Multimode circuit 100 of FIG. 1 has a single physical input 
port (e.g., input signal IN), Which is a common input that is 
utiliZed by the circuitry of multimode circuit 100 regardless 
of its mode of operation. Likewise, multimode circuit 100 of 
FIG. 1 has a single physical output port (e.g., output signal 
OUT), Which is a common output that is utiliZed regardless of 
its mode of operation. As discussed above and exempli?ed 
herein, input signal IN and output signal OUT may include 
any number of actual inputs that are shared by the circuitry of 
multimode circuit 100. The number of inputs (e.g., control bit 
input 104, bias voltage input 108, input signal IN) may be any 
number suitable to accomplish the dynamic selection of any 
one of a set or any one of a subset of operating modes, such as 
the above-mentioned operating modes. 

Because of the ?exibility that is provided by the multiple 
operating modes, multimode circuit 100 of FIG. 1 may be a 
?exible multimode logic element that is suitable for use in a 
selectable mixed-logic signal distribution path that is con?g 
ured to be programmable to include combinations of high 
poWer and/or loW-poWer signal distribution blocks, depend 
ing on the IC operating conditions, While at the same time 
maintaining a certain desired performance level. Further 
more, in another embodiment, the use of a string of multi 
mode circuits 100 in a signal distribution path or signal dis 
tribution tree may provide a method of optimiZing chip poWer 
as a function of, for example, but not limited to, fabrication 
process variability, poWer supply variability, and/ or tempera 
ture variability. One example circuit for forming a multimode 
circuit, such as multimode circuit 100, is described With ref 
erence to FIG. 2. 

FIG. 2 illustrates a schematic diagram of a multimode 
circuit 200 that is con?gured to alloW dynamic selection of its 
operating mode to any one of multiple operating modes. In 
particular, FIG. 2 shoWs that multimode circuit 200 includes 
an example arrangement of p-type and n-type transistors. 
More speci?cally, multimode circuit 200 may include a plu 
rality of p-type ?eld-effect transistors (PFETs), e.g., transis 
tors P1 through P11, a plurality of n-type ?eld-effect transis 
tors (N FETs), e.g., transistors N1 through N7, and a plurality 
of electronic sWitches SW1 through SW7. Transistors P1 
through P11, transistors N1 through N7, and sWitches SW1 
through SW7 are electrically connected as shoWn in FIG. 2 to 
form a multimode differential buffer circuit. Certain compo 
nents of multimode circuit 200 of FIG. 2 (such as transistor 
N3 and transistor N4) are utiliZed by more than one potential 
mode of the multimode circuit. 

Multimode circuit 200 of FIG. 2 is not limited to the circuit 
arrangement that is shoWn in the schematic diagram of FIG. 2. 
Those skilled in the art Will appreciate that the functions of 
multimode circuit 200 may be implemented using other 
arrangements of electronic components. In one example, all 
polarities Within multimode circuit 200 may be inverted and, 
thus, all NFETS may become PFETS and all PFETS may 
become NFETS. In another example, one or more FETS may 
be replaced by another circuit element. Example circuit ele 
ments that may replace a PET include, but are not limited to, 
a resistor and a plurality of FETS in parallel. In yet another 
example, additional sWitches and/or paths may be added for 
additional functionality. 

Multimode circuit 200 illustrates an example having input 
IN and output OUT of multimode circuit 100 of FIG. 1 
implemented as an input signal pair INP/INN, Which are 


















