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OPTICAL PACKAGE WITH DUAL 
INTERCONNECT CAPABILITY 

CROSS REFERENCES TO RELATED 
APPLICATIONS 

[0001] This nonprovisional US. national application, ?led 
under 35 U.S.C. §111(a), claims under 35 U.S.C. §119(e)(1), 
the bene?t of the ?ling date of provisional US. national 
application Ser. No. 60/200981, ?led under 35 U.S.C. § 
111(b) on May 1, 2000, the teachings of Which are incor 
porated herein by reference. 

FIELD OF THE INVENTION 

[0002] This invention relates to electronic packages, and 
particularly to a package having a dual interconnect capa 
bility. 

BACKGROUND 

[0003] Typical electronic packages are con?gured for 
either differential mode or for single-ended mode operation. 
Thus, if the electronic circuit requires a desired signal to be 
provided in differential mode, one type of electronic is 
package is applicable. If the electronic circuit requires the 
desired signal to be provided in single-ended mode, another 
type of electronic package is applicable. 

[0004] A differential mode signal is obtained by the alge 
braic difference of tWo signals. These tWo signals are 
typically referred to as S and S (S bar). S and S are 180 
degrees out of phase. Further, differential mode signals often 
contain an unWanted common mode signal component. This 
unWanted common mode component is often caused by 
interference sensed by both of the conductors carrying S and 
S. Typical applications of differential mode circuits, require 
an impedance match for loW re?ection. Thus, electronic 
packages designed for differential mode applications are 
capable of being coupled to S and S, suppressing the 
common mode signal, and providing a characteristic imped 
ance match, Which is usually 50 ohms. As referenced herein 
and Well understood in the art, characteristic impedance is 
With respect to ground. Differential mode circuits typically 
are used With integrated circuits, Whereas singled-ended 
mode circuits are typically used With the higher frequencies 
associated With optical or microWave systems. 

[0005] Single-ended mode signals are typically measured 
With respect to ground. A majority of circuits requiring 
desired signals to be provided in a single-ended con?gura 
tion, require a 50-ohm characteristic impedance. Thus, typi 
cal electronic packages con?gured for single-ended mode 
provide a signal terminal, a ground terminal, and a charac 
teristic impedance of 50 ohms. 

[0006] Disadvantages of having separate packages for 
single-ended and differential con?gurations include, addi 
tional costs and time associated With manufacturing, testing, 
and production equipment. These costs are typically passed 
to the user/consumer. Further a user designing a system 
requiring both single-ended and differential mode circuits, 
must design its systems to interface With at least tWo types 
of packages, thus increasing system cost by requiring more 
complicated circuit board layout and system interfaces. 
Thus, a need exists for an electronic package, Which is 
applicable to both single-ended and differential con?gura 
tions. 
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SUMMARY OF THE INVENTION 

[0007] An electronic package is adapted to be coupled in 
a single-ended con?guration and in a differential con?gu 
ration. The electronic package includes tWo adjacent termi 
nals adapted to be coupled to a ?rst signal and a second 
signal, respectively. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] The invention is best understood from the folloW 
ing detailed description When read in connection With the 
accompanying draWing. The various features of the draW 
ings may not be to scale. Included in the draWing are the 
folloWing ?gures: 
[0009] FIG. 1A is a perspective vieW of an electronic 
package in accordance With an exemplary embodiment of 
the present invention; 

[0010] FIG. 1B is a top vieW of the package in FIG. 1A; 

[0011] FIG. 2 is a functional block diagram of an exem 
plary package in accordance With the present invention; 

[0012] FIG. 3 is a top vieW of an exemplary electronic 
package adapted to be coupled in a differential con?gura 
tion, in accordance With the present invention; 

[0013] FIG. 4 is a top vieW of an exemplary electronic 
package adapted to be coupled in a single-ended con?gu 
ration by external coupling; 

[0014] FIG. 5A is a top vieW of an exemplary coupling 
circuit in accordance With the present invention; 

[0015] FIG. 5B is a side vieW of FIG. 5A; 

[0016] FIG. 6 is a plot shoWing the insertion loss and 
return loss calculated for an exemplary embodiment of the 
invention con?gured in differential mode; 

[0017] FIG. 7 is a plot shoWing the insertion loss and 
return loss calculated for an exemplary embodiment of the 
invention con?gured in single-ended mode; 

[0018] FIG. 8A is a diagram of an exemplary structure 
used to explain the characteristic impedance; 

[0019] FIG. 8B is a diagram of an exemplary structure 
used to explain the characteristic impedance, illustrating odd 
mode capacitances; 

[0020] FIG. 8C is a diagram of an exemplary structure 
used to explain the characteristic impedance, illustrating 
even mode capacitances; 

[0021] FIG. 9 is a plot of the real part of the characteristic 
impedance as a function of frequency for an exemplary 
embodiment of the present invention in a single-ended 
con?guration; and 

[0022] FIG. 10 is a plot of the real part of the total 
characteristic impedance as a function of frequency for an 
exemplary embodiment of the present invention in a differ 
ential con?guration. 

DETAILED DESCRIPTION 

[0023] FIG. 1A is a perspective vieW of an electronic 
package in accordance With an exemplary embodiment of 
the present invention. FIG. 1B is a top vieW of the package 
in FIG. 1A. An electronic package, as described herein, 
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comprises optical circuitry, electronic circuitry, or any com 
bination therein. The electronic package, generally desig 
nated 12, comprises housing 10 and terminals 2, 4, 6, and 8. 
Housing 10 may comprise components such as transmitters, 
receivers, integrated circuits (ICs) and hybrid integrated 
circuits (HICs). Terminals 2, 4, 6, and 8 are capable of being 
coupled to circuitry external to the housing 10 (external 
circuitry not shoWn). This external circuitry may be, for 
example, telecommunications circuitry. Terminals 2 and 4 
are adapted to be coupled to ground Terminal 8 is 
adapted to be coupled to a signal (S) and terminal 6 is 
adapted to be coupled to an inverted signal, commonly 
referred to as S bar S is a signal, Which is 180° out of 
phase With S. In an alternate embodiment of the invention, 
terminal 6 is adapted to be coupled to S and terminal 8 is 
adapted to be coupled to S. Terminals 6 and 8 are adjacent 
to each other. Neither of ground terminals 2 or 4 is posi 
tioned betWeen terminals 6 and 8. Package 12 may be 
coupled to external circuitry in either a single-ended con 
?guration or a differential con?guration. The electronic 
package 12 provides a 50-ohm to ground characteristic 
impedance in a single-ended con?guration and a 50-ohm 
characteristic impedance in a differential con?guration. 

[0024] FIG. 2 is a functional block diagram of an exem 
plary package in accordance With the present invention. 
Housing 10 comprises transmission lines 20, integrated 
circuit portion 18, and optical circuit 16. Coupling of optical 
circuit 16 to integrated circuit portion 18, and integrated 
circuit portion 18 to transmission lines 20 may be by any 
appropriate means, such as Wire bonding or solder (coupling 
not shoWn). Optical circuit 16 may be any appropriate 
optical circuit such as a detector, ampli?er, isolator, or 
transmitter. In the exemplary block diagram shoWn in FIG. 
2, optical circuitry 16 is a detector portion of an optical 
receiver. Thus, an optical signal is received by detector 16 
from, for example, an optical ?ber (?ber not shoWn), and is 
transmitted to external circuitry 22 through integrated circuit 
portion 18, transmission lines 20, and terminals 2, 4, 6, and 
8 (terminals 2, 4, 6, and 8 are generally designated 24 in 
FIG. 2). Integrated portion 18 couples the signal to the 
transmission lines 20, provides appropriate impedance 
matching and gain, and provides hermeticity, if desired. 
Coupling to the external circuitry 22 may be in a single 
ended con?guration or a differential con?guration. A cou 
pling circuit (coupling circuit not shoWn in FIG. 2) in 
accordance With the present invention coupled to the trans 
mission lines 20 and the terminals 24 facilitates coupling in 
a single-ended or differential con?guration. Con?guring 
package 12 in either a single-ended or differential con?gu 
ration may be accomplished Within housing 10 or external to 
housing 10, or a combination thereof. 

[0025] FIG. 3 is a top vieW of an exemplary electronic 
package adapted to be coupled in a differential con?gura 
tion, in accordance With the present invention. In a differ 
ential con?guration, terminals 8 and 6 (S and S, respec 
tively) are coupled to external circuitry. Terminals 2 (G) and 
4 (G) are not required in a purely differential con?guration. 
Terminals 2 (G) and 4 (G) may be terminated or coupled to 
external circuitry for other reasons. Package 12 provides a 
characteristic impedance of approximately 50 ohms per line 
in the differential con?guration shoWn in FIG. 3. 

[0026] FIG. 4 is a top vieW of an exemplary electronic 
package adapted to be coupled in a single-ended con?gu 
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ration by external coupling, in accordance With the present 
invention. In a single-ended con?guration, a desired signal 
is obtained from either of terminals 8 or 6 (S or S. respec 
tively) With respect to ground. Thus, a desired single-ended 
signal is obtainable betWeen terminals 6 (S) and 4 (G), or 8 
(S) and 2 Further, the desired signal may be provided by 
either terminal 6 or 8 With respect to ground, Wherein ground 
is provided by terminals 4 and 2 coupled together. FIG. 4 
shoWs terminals 4 and 6 adapted to be coupled to external 
circuitry (external circuitry not shoWn). In a signal-ended 
con?guration, the pair of terminals that are not used to 
provide the desired signal, is terminated in any manner Well 
knoWn in the art. Thus, in FIG. 4, the desired signal is 
provided by terminals 4 (G) and 6 Terminals 2 and 8 are 
terminated by 50-ohm termination 28. 

[0027] In another embodiment of the invention, the 
desired signal is provided by terminals 2 and 8, and termi 
nals 4 and 6 are terminated by a 50-ohm termination. The 
various combinations of coupling of terminals 2, 4, 6, and 8 
may also be accomplished internal to housing 10 (e.g., 
50-ohm termination 28 may be coupled inside housing 10). 
Internal coupling may be accomplished by coupling trans 
mission lines 20 Within integrated circuit portion 18. Internal 
coupling is accomplished by the electronic package 12 being 
fabricated With the appropriate coupling. External coupling 
does not require speci?c coupling to be fabricated into the 
electronic package 12. Thus, an advantage of external cou 
pling, is that a single fabrication design is suitable for all 
variations of single-ended and differential coupling applica 
tions. Electronic package 12 provides a characteristic 
impedance of approximately 50 ohms When coupled in a 
single-ended con?guration. 

[0028] FIG. 5A is a top vieW of a coupling circuit posi 
tioned at the housing Wall of the package in accordance With 
the present invention. FIG. 5B is a side vieW of FIG. 5A. 
The coupling circuit shoWn in FIGS. 5A and 5B is posi 
tioned betWeen transmission lines 20 and terminals 24 (see 
FIG. 2). All labeled dimensions in FIGS. 5A and 5B are in 
millimeters In FIG. 5B, each of terminals 24 (i.e., 
terminals 2, 4, 6, and 8) are approximately 0.10 mm in 
height. Substrate 34 is approximately 0.254 mm in height. In 
an exemplary embodiment of the invention substrate 34 is 
alumina. Substrate 34 may comprise any material (e.g., 
metaliZed ceramic) having a dielectric constant approxi 
mately equal to the dielectric constant of alumina. The 
dielectric constant and height of substrate 34 along With the 
Width and spacing of the metaliZed lines help maintain the 
capacitances to achieve a characteristic impedance of 
approximately 50 ohms. Upper layer 32 is approximately 
2.54 mm in height. In an exemplary embodiment of the 
invention, upper layer 32 is alumina. Upper layer 32 may 
comprise any material (e.g., metaliZed ceramic) having a 
dielectric constant approximately equal to the dielectric 
constant of alumina. As shoWn in FIG. 5A, the length of 
upper layer 32 is approximately 1.52 mm and the length of 
substrate 34 is approximately 3.87 mm. 

[0029] In FIG. 5A, portions 44 and 48 represent surface 
areas of substrate 34, Which are not in direct contact With 
(covered by) by upper layer 32. Portion 44 is adapted to be 
coupled to terminals 24 and portion 48 is adapted to be 
coupled to transmission lines 20 (see FIG. 2). Portion 46 
represents the surface area of substrate 34 that is in direct 
contact With (covered by) upper layer 32. Conductive strips 
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36 and 38 provide a conductive path for ground signals 
between transmission lines 20 and terminals 2 and 4 (see 
FIG. 2). The Width of each of conductive strips 36 and 38 
is approximately 0.55 mm. This Width is indicated in FIG. 
5A by the indicator “2x055.” The “2” indicates that the 
dimension 0.55 mm applies to tWo elements, in this case, 
conductive strips 36 and 38. This Width remains approxi 
mately constant through portions 44, 46, and 48. The spac 
ing betWeen centerline 72 of conductive 36 and centerline 74 
of conductive strip 38 is approximately 3.18 mm. The 
spacing betWeen centerline 74 of conductive strip 38 and 
edge 76 of substrate 34 is approximately 0.62 mm. The 
Width of and spacing betWeen conductive strips 36 and 38, 
helps maintain the capacitances to achieve approximately 
50-ohm characteristic impedance. 

[0030] In one embodiment of the invention, terminals 50 
and 52 represent terminals 2 and 4, respectively. In another 
embodiment of the invention, terminals 50 and 52 represent 
terminals 4 and 2, respectively. As indicated in FIG. 5A, the 
Width of each of terminals 50 and 52 is approximately 0.40 
mm. Terminals 50 and 52 are coupled to conductive strips 36 
and 38, respectively, by any appropriate electrically conduc 
tive means (e.g., solder, Wire bond). Terminal 50 is coupled 
to conductive strip 36 such that it is centered on conductive 
strip 36 in area 44, and the edge 58 of conductive strip 36 
is aligned With the edges 60 and 70 of conductive strip 36. 
Terminal 52 is coupled to conductive strip 38 such that it is 
centered on conductive strip 38 in area 44, and the edge 51 
of terminal 38 is aligned With the edges 53 and 71 of 
conductive strip 38. These alignments help maintain the 
appropriate capacitance to achieve a characteristic imped 
ance of approximately 50 ohms. 

[0031] Conductive strips 40 and 42 provide a conductive 
path for signals S and S. In one embodiment of the inven 
tion, conductive strips 40 and 42 provide a conductive path 
for signals S and S. respectively. In another embodiment of 
the invention, conductive strips 40 and 42 provide a con 
ductive path for signals S and S, respectively. The Width of 
the segments of each of conductive strips 40 and 42 on 
surface area 48, is approximately 0.20 mm. This corresponds 
to the segments of conductive strips 40 and 42 that are 
adapted for coupling to transmission lines 20. This Width of 
each of conductive strips 40 and 42 on surface area 46 is 
approximately 0.10 mm. This corresponds to the segments 
of conductive strips 40 and 42 that are positioned betWeen 
substrate 34 and upper layer 32. The Width of each of 
conductive strips 40 and 42 on surface area 44 is approxi 
mately 0.30 mm. The spacing betWeen the aforementioned 
three segments of conductive strips 40 and 42 is such that on 
surface area 48, the spacing is approximately 0.44 mm, on 
surface are 46, the spacing is approximately 0.64 mm, and 
on surface area 44 the spacing is approximately 0.64 mm. 
The spacing betWeen centerline 78 of the segment of con 
ductive strip 42 on surface area 48 and edge 76 of substrate 
34 is approximately 1.90 mm. Edge 66 of the segment of 
conductive strip 40 on surface area 44 is aligned With edge 
80 of the segment of conductive strip 40 on surface area 46. 
Edge 68 of the segment of conductive strip 42 on surface 
area 44 is aligned With edge 82 of the segment of conductive 
strip 42 on surface area 46. The Width of and spacing 
betWeen each segment of conductive strips 40 and 42, and 
the alignment of edges 80, 66, 82, and 68, are chosen to help 
maintain the appropriate capacitances to achieve a charac 
teristic impedance of approximately 50 ohms. 
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[0032] Terminals 54 and 56 represent terminals 6 and 8. In 
one embodiment of the invention, terminals 54 and 56 
represent terminals 6 and 8, respectively. In another embodi 
ment of the invention, terminals 54 and 56 represent termi 
nals 8 and 6, respectively. Terminals 54 and 56 are coupled 
to conductive strips 40 and 42 respectively by any appro 
priate electrically conductive means (e.g., solder, Wire 
bond). In FIG. 5A, terminals 54 and 56 are offset to the left 
of conductive strips 40 and 42 for the sake of clarity. 
Terminal 54 is coupled to conductive strip 40 such that it is 
centered on conductive strip 40 in area 44 and is spaced 0.44 
mm from terminal 56 and spaced 0.97 mm from terminal 50. 
Terminal 56 is coupled to conductive strip 42 such that it is 
centered on conductive strip 42 in area 44 and is spaced 0.97 
mm from terminal 52. This alignment helps maintain the 
appropriate capacitances to achieve a characteristic imped 
ance of approximately 50 ohms, and requires that terminals 
54 and 56 be splayed. 

[0033] FIG. 6 is a modeled (calculated) plot shoWing the 
insertion loss and return loss for an exemplary embodiment 
of the invention con?gured in differential mode. The scale 
on the left of the plot shoWn in FIG. 6 is the return loss scale, 
in dB. The scale on the right is the insertion loss scale in dB. 
Plotted curve 80 is return loss and plotted curve 82 is 
insertion loss. The scale at the bottom of the plot represents 
frequency increasing from left to right from 0.0 GHZ to 20.0 
GHZ. For a differential con?guration, insertion loss is mea 
sured by coupling an input signal to the segments of con 
ductive strips 40 and 42 on surface area 48 (see FIG. 5A), 
and measuring the resultant transmitted signal at terminals 
54 and 56. The insertion loss value at a particular frequency 
is equal to 20 times the log of the ratio of the resultant 
transmitted signal voltage over the input signal voltage. 
Return loss is measured by coupling an input signal to the 
segments of conductive strips 40 and 42 on surface area 48 
and measuring the amplitude of the input signal that is 
re?ected back to the same segments of conductive strips. 
The return loss value at a particular frequency is equal to 20 
times the log of the ratio of the re?ected signal voltage over 
the input signal voltage. Therefore, judging by the loW value 
of return loss, the differential impedance is approximately 50 
ohms (per conductive strip). 
[0034] FIG. 7 is a modeled (calculated) plot shoWing the 
insertion loss and return loss for an exemplary embodiment 
of the invention con?gured in single- ended mode. The scale 
on the left of the plot shoWn in FIG. 7 is the return loss scale, 
in dB. The scale on the right is the insertion loss scale in dB. 
Plotted curve 86 is return loss and plotted curve 88 is 
insertion loss. The scale at the bottom of the plot represents 
frequency increasing from left to right from 0.0 GHZ to 20.0 
GHZ. For a single-ended con?guration, insertion loss is 
measured by coupling an input signal to either the segment 
of conductive strip 40 on surface area 48 or the segment of 
conductive strip 42 on surface area 48 (see FIG. 5A), and 
either ground strip 36 or 38. The resultant transmitted signal 
is measured at terminals coupled to the corresponding 
conductive strips. For example, if an input signal Were 
coupled to the segment of conductive strip 40 on surface 
area 48 and the segment of ground strip 36 on surface area 
48, the resultant transmitted signal is measured at terminals 
54 and 50. The insertion loss value at a particular frequency 
is equal to 20 times the log of the ratio of the resultant 
transmitted signal voltage over the input signal voltage. 
Return loss is measured by coupling an input signal to either 
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the segment of conductive strip 40 on surface area 48 or the 
segment of conductive strip 42 on surface area 48, and either 
ground strip 36 or 38 on surface area 48, and measuring the 
amplitude of the input signal that is re?ected back to the 
same segments of conductive strips. The return loss value at 
a particular frequency is equal to 20 times the log of the ratio 
of the re?ected signal voltage over the input signal voltage. 
Therefore, judging by the loW value of return loss, the 
inventors have observed the single-ended impedance to be 
approximately 50 ohms. 

[0035] The inventors have used the single-ended and 
differential embodiments of the invention to explain char 
acteristic impedances. FIG. 8A is a diagram of an exem 
plary structure used to explain characteristic impedance 
Where the ground, G, can in addition, be located on the 
surface of 98. In FIG. 8A, conductive strips 94 and 96 
represent S and S. Conductive strips 94 and 96 are posi 
tioned on substrate 98. Substrate 98 is positioned betWeen 
conductive strips 94 and 96, and ground 100. The structure 
depicted in FIG. 8A is used to explain characteristic imped 
ances of the present invention. 

[0036] Conductive strips 94 and 96 are coupled to each 
other and are supported by substrate 98, and are also coupled 
to ground through substrate 98. These couplings have asso 
ciated capacitances. In the single-ended mode, the desired 
signal is obtained from either conductive strip 94 and 
ground, or conductive strip 96 and ground. Accordingly, the 
capacitance associated With a single-ended con?guration is 
approximately the capacitance from the conductive strip to 
ground, Cg. 
[0037] The differential con?guration comprises tWo signal 
types (modes). These are the common mode signal (also 
referred to as the even mode signal), and the difference or 
differential mode signal (also referred to as the odd mode 
signal). The differential mode signal is typically the desired 
signal. The differential mode signal is the resultant signal 
obtained from the difference betWeen S and S. The common 
mode signal is typically an unWanted signal. The common 
mode signal is a signal Which is common to both S and S. 
It usually is caused by common interference, and typically 
is more prevalent the closer conductive strips 94 and 96 are 
positioned to each other. Thus typical differential con?gu 
rations strive to maintain the differential mode signal and 
suppress the common mode signal. The capacitances asso 
ciated With the differential mode are the odd mode capaci 
tance, Codd, and the capacitance to ground, Cg. 
[0038] FIG. 8B is an exemplary structure used to explain 
characteristic impedance, illustrating odd mode capaci 
tances. For the sake of simplicity, it is assumed that induc 
tance changes insigni?cantly betWeen the odd mode and the 
even mode. The capacitance betWeen conductive strips 94 
and 96 is represent by tWo capacitances in series of equal 
value, Codd, and the capacitance to ground for each conduc 
tive strip is represented by Cg. For the odd mode, a virtual 
ground exists betWeen the odd capacitors. FIG. 8C is an 
exemplary structure used to explain characteristic imped 
ance, illustrating even mode capacitances. For the common 
mode signal (even mode) each conductive strip has tWo 
capacitances to ground, Cg and Ceven. Thus, for the odd 
mode, the total capacitance per unit length for each conduc 
tive strip is equal to the sum of the odd mode capacitance 
and the capacitance to ground, as shoWn by equation 

C(odd mode)=Cg+CQdd (1) 
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[0039] For the even mode, the total capacitance per unit 
length for each conductive strip is equal to the sum of the 
even mode capacitance and the capacitance to ground, as 
shoWn by equation 

C(even mode)=Cg+Ceven (2) 

[0040] As is Well knoWn in the art, characteristic imped 
ance, Z0, is obtained by the folloWing equation. 

L (3) 
Z0: 6 

[0041] Therefore, 

Zo<odd mode): J? = % (4) 

[0042] and, 

\fi (5) L 
Z0 (even mode) = E = 

V Cg + Cm 

[0043] The inventors have designed package 12, such that 
COdd is much less than Cg, and Ceven is also much less than 
Cg. In equation form: 

CQdd<<Cg and Ceven<<Cg (6) 

[0044] Accordingly; 

[0045] Zo for each conductive strip (odd mode) 

I 7) L ( 
Z0 for each conductive strip (odd mode) :: C—g , and 

[0046] Zo for each conductive strip (even mode) 

3) L ( 
Z0 for each conductive strip (even mode) :: C— 

8 

[0047] For a single-ended con?guration, 

[0048] Therefore, for each conductive strip, Z0 (odd 
mode)zZo(even mode)z(single-ended), When COdd<<Cg 
and CeVen<<Cg. Thus, by designing package 12 in accor 
dance With present invention, package 12 may be used in a 
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single-ended con?guration or a differential con?guration, 
and provide a characteristic impedance of approximately 50 
ohms. 

[0049] FIG. 9 is a modeled (calculated) plot of the real 
part of the characteristic impedance as a function of fre 
quency for an exemplary embodiment of the present inven 
tion in a single-ended con?guration. The scale at the bottom 
of the plot in FIG. 9 is frequency ranging from 0 GHZ on the 
left to 11 GHZ on the right. The scale on the left is the real 
part of the characteristic impedance, Zo, in ohms. The 
plotted curve 104 shoWs that the real part of Z0 is approxi 
mately 50 ohms at 0 GHZ and decreases as frequency 
increases. 

[0050] FIG. 10 is a plot of the real part of the character 
istic impedance as a function of frequency for an exemplary 
embodiment of the present invention in a differential con 
?guration. The scale at the bottom of the plot in FIG. 10 is 
frequency ranging from 0 GHZ on the left to 11 GHZ on the 
right. The scale on the left is the real part of the characteristic 
impedance, Zo, in ohms. The plotted curve 106 shoWs that 
the real part of Zo betWeen the tWo conductive strips is 
approximately 100 ohms (i.e., 2x50 ohms for each conduc 
tive strip) at 0 GHZ and decreases and frequency increases. 

[0051] Although illustrated and described herein With ref 
erence to certain speci?c embodiments, the present inven 
tion is nevertheless not intended to be limited to the details 
shoWn. Rather, various modi?cations may be made in the 
details Within the scope and range of equivalents of the 
claims and Without departing from the spirit of the invention. 

What is claimed is: 
1. An electronic package adapted to be coupled in a 

single-ended con?guration and in a differential con?gura 
tion, said electronic package comprising tWo adjacent ter 
minals adapted to be coupled to a ?rst signal and a second 
signal, respectively, Wherein said package provides a char 
acteristic impedance of approximately 50 ohms When said 
package is con?gured in a single-ended con?guration, and 
said package provides a characteristic impedance of 
approximately 50 ohms When said package is con?gured in 
a differential con?guration. 

2. An electronic package in accordance With claim 1, 
Wherein said electronic package comprises: 

a ?rst terminal adapted to be coupled to ground; 

a second terminal adapted to be coupled to said ?rst 
signal; 

a third terminal adapted to be coupled to said second 
signal, Wherein said ?rst signal is 180 degrees out of 
phase With said second signal; and 

a fourth terminal adapted to be coupled to ground. 
3. An electronic package in accordance With claim 2, 

Wherein said differential con?guration is provided by elec 
tromagnetically coupling said second terminal and said third 
terminal to said ?rst signal and said second signal, respec 
tively. 

4. An electronic package in accordance With claim 2, 
Wherein said single-ended con?guration is provided by 
electromagnetically coupling one of: 

(a) said second terminal to said ?rst signal, and said ?rst 
terminal to ground; 
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(b) said third terminal to said ?rst signal, and said fourth 
terminal to ground; 

(c) said second terminal to said ?rst signal, and said ?rst 
and fourth terminals to ground; and 

(d) said third terminal to said ?rst signal, and said ?rst and 
fourth terminals to ground. 

5. An electronic package in accordance With claim 4, 
Wherein said second terminal is electromagnetically coupled 
to said ?rst terminal by a termination impedance When said 
third terminal is electromagnetically coupled to said ?rst 
signal; and said fourth terminal is electromagnetically 
coupled to ground. 

6. An electronic package in accordance With claim 5, 
Wherein said termination impedance is approximately 50 
ohms. 

7. An electronic package in accordance With claim 4, 
Wherein said third terminal is electromagnetically coupled to 
said fourth terminal by a termination impedance When said 
second terminal is electromagnetically coupled to said ?rst 
signal and said ?rst terminal is electromagnetically coupled 
to ground. 

8. An electronic package in accordance With claim 7, 
Wherein said termination impedance is approximately 50 
ohms. 

9. An electronic package in accordance With claim 2 
further comprising: 

a coupling circuit electromagnetically coupled to said 
?rst, second, third, and fourth terminals; 

a plurality of transmission lines electromagnetically 
coupled to said coupling circuit; 

an integrated circuit portion electromagnetically coupled 
to said plurality of transmission lines; and 

an optical circuit electromagnetically coupled to said 
integrated circuit portion, Wherein said optical circuit is 
adapted to be optically coupled to an optical signal. 

10. An electronic package in accordance With claim 9, 
Wherein said coupling circuit comprises: 

a substrate having an upper surface; 

an upper layer in contact With a portion of said upper 
surface of said substrate; and 

a plurality of conductive strips positioned on said upper 
surface of said substrate; a segment of each conductive 
strip being positioned betWeen said upper layer and 
said substrate. 

11. An electronic package in accordance With claim 10, 
Wherein said upper layer and said substrate comprise alu 
mina. 

12. An electronic package in accordance With claim 10, 
Wherein said plurality of conductive strips comprises: 

a ?rst conductive strip having a ?rst, a second, and a third 
segment, said ?rst segment of said ?rst conductive strip 
being electromagnetically coupled to said ?rst terminal, 
said second segment of said ?rst conductive strip being 
positioned betWeen said upper layer and said substrate, 
and said third segment of said ?rst conductive strip 
being electromagnetically coupled to said plurality of 
transmission lines; 

a second conductive strip having a ?rst, a second, and a 
third segment, said ?rst segment of said second con 
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ductive strip being electrornagnetically coupled to said 
second terminal, said second segment of said second 
conductive strip being positioned betWeen said upper 
layer and said substrate, and said third segment of said 
second conductive strip being electrornagnetically 
coupled to said plurality of transmission lines; 

a third conductive strip having a ?rst, a second, and a third 
segrnent, said ?rst segment of said third conductive 
strip being electrornagnetically coupled to said third 
terminal, said second segment of said third conductive 
strip being positioned betWeen said upper layer and 
said substrate, and said third segment of said third 
conductive strip being electrornagnetically coupled to 
said plurality of transmission lines; and 

a fourth conductive strip having a ?rst, a second, and a 
third segrnent, said ?rst segment of said fourth con 
ductive strip being electrornagnetically coupled to said 
fourth terminal, said second segment of said fourth 
conductive strip being positioned betWeen said upper 
layer and said substrate, and said third segment of said 
fourth conductive strip being electrornagnetically 
coupled to said plurality of transmission lines. 

13. An electronic package in accordance with claim 12, 
Wherein: 

each segment of said ?rst conductive strip is approXi 
rnately 0.55 mm Wide; 

each segment of said fourth conductive strip is approXi 
rnately 0.55 mm Wide; 

said third segment of said second and third conductive 
strips is each approximately 0.20 mm Wide; 

said ?rst segment of said second and third conductive 
strips is each approximately 0.30 mm Wide; 
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said second segment of said second and third conductive 
strips is each approximately 0.10 mm Wide; 

said substrate is approximately 3.87 mm long and 0.254 
mm high; and 

said upper layer is approximately 1.52 mm long and 2.54 
mm high. 

14. An electronic package in accordance with claim 12, 
Wherein: 

a spacing betWeen opposing edges of said ?rst segment of 
said second conductive strip and said ?rst segment of 
said third conductive strip is approximately 0.64 mm; 

a spacing betWeen opposing edges of said second segment 
of said second conductive strip and said second seg 
rnent of said third conductive strip is approximately 
0.64 mm; 

a spacing betWeen opposing edges of said third segment 
of said second conductive strip and said third segment 
of said third conductive strip is approximately 0.44 
mm; 

a spacing betWeen said centerline of said ?rst conductive 
strip and a centerline of said fourth conductive strip is 
approximately 3.18 mm; 

a spacing betWeen a centerline of said third segment of 
said third conductive strip and a outer edge of said 
substrate is approximately 1.9 mm; and 

a spacing between a centerline of said fourth conductive 
strip and said outer edge of said substrate is approxi 
rnately 0.62 mm. 

* * * * * 


