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MULTI-STEP TRANSMISSION LINE FOR 
MULTILAYER PACKAGING 

TECHNICAL FIELD 

The field of the invention is that of packaging integrated 
circuits for high Speed applications. 

BACKGROUND OF THE INVENTION 

In the field of integrated circuit packaging, high perfor 
mance packages are often formed from layers of ceramic 
that are pressed together with metal embedded in it. The 
embedded metal is positioned So that it forms a set of 
interconnections in the final product, carrying Signals from 
the Substrate to the chips mounted on its top Surface. 
Conventionally, in order to have the minimum number of 
connections, any vertical transitions that are required will be 
accomplished in a single Step. An example is given in FIG. 
4, in which a lower horizontal interconnect 152' is connected 
to an upper interconnect 152 through via 20 151'. 

Those skilled in the art are aware that an impedance 
mismatch is present at the transition between the horizontal 
runs and the Vertical, caused by geometry and by a difference 
in materials. The magnitude of this impedance mismatch 
depends on the frequency of the Signal being carried and, in 
Some cases, can result in reflections that effectively cancel 
an incoming Signal or feed back into other parts of the 
circuit. 

AS Signal Switching Speeds have increased, the art has 
devised more Sophisticated and expensive Structures to carry 
Signals and remove heat to and from integrated circuits. With 
present technology, it is not possible to run Signals in the 
gigabit range through the bulk of a ceramic chip carrier with 
acceptable frequency response. The art has been required to 
use connectors attached to transmission lines running in a 
Single plane, at considerable cost and Subject to tight Space 
limits. 

Edge or Surface mount connectors have been used to 
provide acceptable performance, but cost more to implement 
and only a very limited number can be used due to real estate 
constraints on the top Surface. 

SUMMARY OF THE INVENTION 

The invention relates to a multi-layer chip carrier that 
makes vertical transitions in Signal paths through a number 
of Small Steps, rather than a Single larger Step. 
A feature of the invention is the use of a set of horizontal 

Signal lines extending through the package and disposed on 
the interlayer Surfaces of the Set of ceramic sheets, in which 
at least one of the Signal lines has at least three horizontal 
Segments connected by at least two Vias. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows in partially pictorial, partially Schematic 
form a simplified version of a carrier for an integrated 
circuit. 

FIG. 2 shows a portion of the carrier of FIG. 1 in 
perspective. 

FIG. 3 shows the frequency dependence of the invention 
compared with the prior art. 

FIG. 4 shows a portion of a prior art carrier. 
FIG. 5 shows an alternative embodiment employing 

capacitive compensation. 
FIG. 6 shows different geometrical versions. 
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2 
DETAILED DESCRIPTION 

FIG. 1 shows in cross section a simplified portion of a 
ceramic chip carrier 100, positioned on Substrate 10 and 
holding integrated circuit 122. At the bottom, a bottom ball 
grid array of balls 22 interfaces between the Substrate and 
the chip carrier and at the top, top ball grid array of balls 26 
does the same thing. Those skilled in the art will be aware 
that the transition between the horizontal conductors on the 
surface of Substrate 10 through ball 22 and bond pad 24 to 
the first via 150 will necessarily involve more or less of an 
impedance mismatch. There will be, here and at other places 
in the package, the need for a design choice as to how much 
of a mismatch can be tolerated and how much expense 
should be made to improve the impedance matching. Pack 
age 100 is composed of a set of layers of which the lowest 
layer is labeled 102-1, typically about 12 in number with 
interlayer surfaces at interfaces 104-1 to 104-n. In contem 
porary practice, the layers are typically ceramic 100 micron 
thick and hold metal strips that are nominally 30 micron 
thick. Vias between horizontal signals lines are typically 100 
tim in diameter. The dimensions will be Selected for imped 
ance matching, typically at 50 ohms. 

FIG. 2 illustrates in perspective a portion of a signal line 
according to the invention, as used in FIG. 1, in which lines 
152-1, 152-2 and 152-3 are disposed between sheets (ground 
planes) 162-1, 162-2 and 162-3, again with the dimensions 
Set to produce 50 ohm impedance. Dimensions between the 
Signal lines and the ground planes to produce the required 
impedance are well known. 

Those skilled in the art would not choose to use a set of 
vias as shown in FIGS. 1 and 2 because, as is well known, 
the risk of misalignment, defective filling of apertures in 
forming the Vias and other manufacturing errors increases as 
the number of connections increases. 
At each vertical transition, there is a finite probability of 

an open circuit (caused by misalignment or by a residual 
layer of insulating material) and/or a short circuit caused by 
material from the line or via making contact with an adjacent 
line. Using a Single vertical member also frees up area in the 
chip carrier for other purposes. 

It has been found that Substantial improvement in Signal 
quality is possible if the Signal is run through a “Staircase” 
structure Such as that shown in FIGS. 1 and 2, in which a set 
of evenly divided vertical StepS. Substitute for the Single Step 
of the prior art. Preferably, a typical run between the 
substrate and the chip connection of 25 to 15 mm will have 
at least 12 horizontal runs and 11 vertical Steps, including the 
StepS connecting the top and bottom ball grid arrayS. 
The prior art has taken the view that the less the number 

of Steps the better the quality of transmission, Since reflec 
tions are caused at every Step. According to the invention, 
however, increasing the number of StepS does not cause an 
adverse effect either Since the Small reflections at each Step 
are attenuated on their return to the chip driver circuit. The 
Step size is preferably kept to about 1/10 wavelength (about 
200 micron for present technology) and below to contain the 
magnitude of the reflection. The overall length of the trace 
including the StepS is kept within the same limits as the prior 
art to minimize signal power loSS. 

FIG. 3 illustrates frequency dependence of a single Ver 
tical Step versus a multi-step line according to the invention. 
Curves 310 and 350 show return loss as a function of 
frequency for a prior art structure Such as that shown in FIG. 
4 and for a Structure according to the invention. 

Curves 350 and 360 show return loss and insertion loss, 
for a structure according to the invention comprising a Set of 
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12 horizontal runs averaging 1 mm in length connected by 
11 vertical vias. Dimensions were sized for 50 ohm imped 
ance. The balls in the bottom and top arrays were 0.1 mm 
and 0.5 mm in diameter, respectively. Those skilled in the art 
will appreciate that the (nominally 10 db) dips in curve 360 
are acceptable and far Superior to the properties of a con 
ventional one-step run through the package. Such a one-step 
run is not shown, because its performance would be unac 
ceptable. Only a much more labor-intensive and expensive 
one-step Structure would have acceptable frequency prop 
erties. Curves 350 and 360 show the properties of an entire 
run, including the effect of the ball contact at the bottom of 
the package and therefore are less favorable than a curve 
taken with only the multi-step signal line according to the 
invention. 

1. Referring now to FIG. 5, an upper horizontal Segment 
152-2 and a corresponding lower segment 152-1 are 
connected by via 151. In this version, both the upper 
and lower Segments have been widened in the vicinity 
of the via, as shown by dotted lines 153. This increases 
the capacitance in the region of the via to compensate 
for the inductance of the via. The increase in the 
nominal width of the horizontal members will depend 
on both the inductance of the Via, which, in turn, 
depends on the via dimensions and also on the capaci 
tance between the horizontal member and neighboring 
conductive elements. 

This increase in width also applies to the interface with 
external contacts, Such as balls 22 in FIG. 1. These factors 
will vary in each case. Those skilled in the art will be able 
to Set their own parameters to accommodate different cir 
cumstances and to maintain their design impedance. 

FIG. 6 shows in cross section two different versions of the 
invention. At the right Side, a contact 142 on the top of the 
package connects to via 151 that connects to horizontal 
member 152-1. That, in turn, descends another step through 
another via 151 to the next level, 152-2. In the center of the 
Figure, counterpart members 152-2 and 152-1, connected by 
vias 151 rise to contact 142. In this case, the invention has 
been applied to a top-to-top connection, e.g. between dif 
ferent integrated circuits on the Same package; between two 
contacts on the same chip; between a chip and an external 
resistor or other component, etc. 
On the left of FIG. 6, contact 142" is connected through 

two vias 151 and two horizontal members to an external 
contact 144. Box 144 represents a co-axial connector, Strip 
connector, metal contact, etc. This arrangement provides an 
option for different connection Schemes. 

While the invention has been described in terms of a 
single preferred embodiment, those skilled in the art will 
recognize that the invention can be practiced in various 
versions within the Spirit and Scope of the following claims. 
What is claimed is: 
1. A package for an integrated circuit comprising a Set of 

dielectric layerS having a top Surface, a bottom Surface and 
a plurality of interlayer Surfaces, a top contact array attached 
to Said top Surface; a set of conductive Signal lines extending 
through said package to a Set of output contacts and disposed 
on Said plurality of interlayer Surfaces, in which at least one 
of Said plurality of Signal lines comprises at least three 
horizontal Segments on at least two interlayer Surfaces 
connected by at least two Vias extending vertically from the 
Same horizontal Segment at different horizontal locations 
between two of Said interlayer Surfaces, whereby Signals on 
Said Signal line make at least two transitions between said 
horizontal Segments. 

2. A package according to claim 1, in which Said package 
comprises N dielectric layerS and in which at least one signal 
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4 
line comprises N Vias, each of Said N Vias passing through 
a single dielectric layer. 

3. A package according to claim 1, in which at last one of 
Said horizontal Segments has an increased width in proxim 
ity to a via Such that increased capacitance compensates for 
via inductance. 

4. A package according to claim 1, in which at least one 
Signal line originates and terminates on a member of Said top 
contact array, thereby connecting two members of Said top 
contact array through Said package. 

5. A package according to claim 1, in which at least one 
Signal line terminates on a contact on a vertical face of Said 
package. 

6. A package according to claim 3 in which at least one 
Signal line terminates on a contact on a vertical face of Said 
package. 

7. A package for an integrated circuit comprising a Set of 
dielectric layerS having a top Surface, a bottom Surface and 
a plurality of interlayer Surfaces, a top contact array attached 
to Said top Surface; a set of conductive Signal lines extending 
through said package to a Set of output contacts and disposed 
on Said plurality of interlayer Surfaces, in which at least one 
of Said plurality of Signal lines comprises at least three 
horizontal Segments on at least three Surfaces connected by 
at least two Vias extending vertically between two of Said 
interlayer Surfaces, in which at least two of Said horizontal 
Segments have Substantially the Same length. 

8. A package according to claim 7, in which at last one of 
Said horizontal Segments has an increased width in proxim 
ity to a via Such that increased capacitance compensates for 
via inductance. 

9. A package according to claim 7, in which at least one 
Signal line originates and terminates on a member of Said top 
contact array, thereby connecting two members of Said top 
contact array through Said package. 

10. A package according to claim 7, in which at least one 
Signal line terminates on a contact on a vertical face of Said 
package. 

11. A package for an integrated circuit comprising a Set of 
dielectric layerS having a top Surface, a bottom Surface and 
a plurality of interlayer Surfaces, a top contact array attached 
to Said top Surface; a bottom contact array attached to Said 
bottom Surface; a set of conductive signal lines extending 
through said package and disposed on Said plurality of 
interlayer Surfaces, in which at least one of Said plurality of 
Signal lines comprises at least three horizontal Segments on 
at least three Surfaces connected by at least two vertical 
members extending vertically from the same horizontal 
Segment at different horizontal locations between two of Said 
interlayer Surfaces, whereby Signals on Said Signal line make 
at least two transitions between Said horizontal Segments. 

12. A package according to claim 11, in which at least one 
Signal line originates and terminates on a member of Said top 
contact array. 

13. A package according to claim 11, in which at least one 
Signal line terminates on a contact on a vertical face of Said 
package. 

14. A package for an integrated circuit comprising a Set of 
dielectric layerS having a top Surface, a bottom Surface and 
a plurality of interlayer Surfaces, a top contact array attached 
to Said top Surface; 

a bottom contact array attached to Said bottom Surface; 
a set of conductive signal lines extending through Said 

package and disposed on Said plurality of interlayer 
Surfaces, 

in which at least one of Said plurality of Signal lines 
comprises at least three horizontal Segments on at least 
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three Surfaces connected by at least two vertical mem 
bers extending vertically between two of Said interlayer 
Surfaces, in which said top contact array is a ball grid 
array. 

15. A package according to claim 14, in which at least two 
of Said horizontal Segments have Substantially the same 
length. 

16. A package according to claim 14, in which at last one 
of Said horizontal Segments has an increased width in 
proximity to a vertical member Such that increased capaci 
tance compensates for inductance of Said vertical member. 

17. A package according to claim 14, in which at least one 
Signal line originates and terminates on a member of Said top 
contact array. 

18. A package according to claim 15, in which at least one 
Signal line originates and terminates on a member of Said top 
contact array. 

19. A package according to claim 14, in which at least one 
Signal line terminates on a contact on a vertical face of Said 
package. 

20. A package according to claim 15, in which at least one 
Signal line terminates on a contact on a vertical face of Said 
package. 

21. A method of making a package for an integrated 
circuit comprising a Set of dielectric layerS having a top 
Surface, a bottom Surface and a plurality of interlayer 

1O 

15 

25 

6 
Surfaces, a top contact array attached to Said top Surface; a 
Set of conductive signal lines extending through said pack 
age to a set of output contacts and disposed on Said plurality 
of interlayer Surfaces, comprising the Steps of 

forming a Set of dielectric layers containing horizontal 
Segments of a plurality of Signal lines in which at least 
one of Said plurality of Signal lines comprises at least 
three horizontal Segments on at least two interlayer 
Surfaces, 

forming at least two Vias extending vertically from the 
Same horizontal Segment at different horizontal loca 
tions between two of Said interlayer Surfaces, So that 
Signals traveling on Said Signal lines pass consecutively 
through a first Via, one of Said at least three horizontal 
Segments and a Second of Said at least two Vias, and 
bonding Said Set of dielectric layers. 

22. A method according to claim 21, further comprising a 
Step of forming at least one of Said horizontal Segments with 
an increased width in proximity to a via Such that increased 
capacitance compensates for via inductance. 

23. A method according to claim 21, further comprising a 
Step of forming at least two of Said horizontal Segments on 
adjacent interlayer Surfaces So that said at least two hori 
Zontal Segments are Separated by a Single dielectric layer. 
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