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Abstract

Vertical conductive structure (VeCS) technology, an advanced interconnect technology for
signal transition on different printed circuit board (PCB) layers, was developed to meet
needs for more intelligent PCB technologies with decreased layer count, and improved
signal integrity and power integrity with respect to those of conventional transition via
structures. In contrast to the conventional via structure, the VeCS consists of a plate signal
trace and an oval-shaped shielding ground racket comprising a semi-coaxial structure or a
vertical transmission line. The VeCS achieves a continuous characteristic impedance that
improves electrical performance regarding losses, crosstalk, and electromagnetic
interference. Herein, the physical structure of the VeCS is first introduced. Subsequently,
the time domain reflectometer impedance of the VeCS is extracted and analyzed through
full-wave simulations. The crosstalk between VeCS-based and via-based channels on the
PCB is compared to clarify the advantages of VeCS technology. Finally, measurements are
used to further demonstrate the advantages of VeCS technology.
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Introduction

Vertical interconnectors, more commonly known as vias, play essential roles in modern
high-speed digital systems for connecting signals in multiplayer printed circuit boards
(PCBs) and packages [1]. With increases in the numbers of integrated devices and the
requirement for higher densities, vias have become ubiquitous in multilayer PCBs. Vias
are used to route signals on different layers for different channels, which are typically
discontinuous components in high-speed channels, and can lead to severe signal integrity
and power integrity problems [2]. Therefore, designing vias with high electrical
performance is essential to meet the required impedance, loss, and crosstalk specifications.
Generally, 3D full-wave simulation software, such as HFSS and CST, is used to optimize
the via transition. To efficiently and accurately predict the electrical performance of a
conventional via, the mode-decomposition-based equivalent via model has recently been
proposed and analyzed [3—4]. This model can be extended to differential via optimization
[5]. Additionally, optimization of non-functional pad placement on signal vias according
to multiple reflection theory has been proposed [6-7]. However, with the continually
increasing data speed, conventional vias cannot achieve the required electrical performance
for high-speed digital circuits.

Vertical conductive structure (VeCS), a new advanced interconnect technology for signal
transition on different PCB layers, was developed to meet the needs for more intelligent
PCB technologies that decrease the layer count and improve the signal integrity with
respect to those in conventional transition via structures [8]. A well-known issue is that the
characteristic impedance of conventional vias is discontinuous, because of the changes of
the reference ground plane when the via passes through the layers. Discontinuity in
characteristic impedance can cause severe signal integrity problems, particularly in the
high-frequency range. In contrast to the conventional via structure, the VeCS consists of a
plate signal trace and an oval-shaped shielding ground racket, which is a semi-coaxial
structure or a vertical transmission line. Thus, the VeCS achieves a continuous
characteristic impedance that improves electrical performance regarding losses, crosstalk,
and electromagnetic interference radiation. Additionally, the VeCS achieves a denser
signal layout than conventional via structures for high-density interconnect applications

[9].

Herein, the physical structure of the VeCS is first introduced. The fabrication procedures
of the VeCS are presented and compared with those of conventional via structures. In
contrast to that of the via structure, the physical structure of the VeCS is continuous,
because it has a continuous reference plane, designed as an oval-shaped ground racket. The
time domain reflectometer (TDR) impedance of the VeCS is extracted and analyzed
through full-wave simulations. The impedance of the VeCS, in contrast to a conventional
via, can be easily designed and controlled. Moreover, the crosstalk is extracted on the basis
of 3D full-wave simulation for the VeCS-based and via-based channels on a PCB, and
compared to clarify the advantage of VeCS over conventional via technology. Because the
VeCS has an oval-shaped ground racket, the crosstalk between adjacent channels can be
controlled to a very low level. The far-end crosstalk on the VeCS-based channels can be
significantly less than that on via-based channels with the same signal transition density.
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To further clarify the advantages of VeCS technology, we designed several fixtures and
performed measurements.

Vertical Conductive Structure Technology (VeCS)

The VeCS is a new technology developed by NextGin Technology to meet needs for a
more intelligent PCB technology with decreased layer counts and improved signal
integrity, without a need for costly sequential technologies such as AnyLayer and modified
semi-additive process technologies [8]. VeCS technology can provide a cost-effective
alternative for complex fan-out from fine-pitch grid array components. Compared with the
conventional via structure, the VeCS can achieve a higher density of vertical connections
without requiring many stages of sequential build-up. Moreover, the electrical performance
of vertical connections can be improved with VeCS technology.

(b) (©)

Fig. 1. VeCS: (a) 3D view, (b) top view, (c) section view.

The VeCS consists of vertical plate signal traces and an oval-shaped racket, as shown in
Fig. 1. The signal is transitioned from the top layer to the inner layer of the board through
the vertical plate signal trace. The oval-shaped racket serves as the reference plate for the
signal trace and can easily maintain the impedance of the signal trace to the target, as
compared with conventional plated through hole (PTH) vias. Moreover, the crosstalk or
electromagnetic interference from the noise source is effectively isolated by the oval-
shaped racket, particularly when the noise source is located at the back side of the racket.

The VeCS is based on specially formed cavities [9]. A simple example is used to
demonstrate the manufacturing process of the VeCS (Fig. 2). The fabrication process of
the VeCS comprises five steps: 1, creating the principal slot; 2, plating the principal slot;
3, filling the principal slot with resin; 4, drilling the cross-route slots; 5, drilling the back-
route slots; and 6, filling the cross-route and back-out slots with resin. Because the VeCS
fabrication process is similar to that of conventional via structures, despite several
differences, no new equipment is required for PCB manufacturing. Furthermore, VeCS
technology can overcome the limitation of the conventional PTH via, because of the
drilling aspect ratio. Thus, VeCS technology can achieve very high-density interconnection
for future applications.
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2. Plated 3. Resin fill 4. Cross-route slot 5. Back-route slot 6. Resin fill
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Fig. 2. The VeCS fabrication process.
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Specific design rules and additional details regarding VVeCS technology can be found on
the NextGin technology company website [8] and prior publications [9-13].

Electrical Performance Comparison of VeCS and The

Conventional Transition Via

We investigated the electrical performance of the VeCS, in terms of TDR, S-parameters,
and crosstalk, through full-wave simulations and measurements.

Full-wave Simulation

To accurately evaluate the electrical performance of the VeCS, we used the full-wave
simulation software (HFSS) to predict the S-parameter of a differential channel up to 70
GHz. The 3D model of the VeCS is shown in Fig. 3 (a). As described before, the VeCS
consists of an oval-shaped ground racket and vertical plate signal traces. The differential
micro-strip traces are located on the top layer, and the differential stripline is located on
the signal layer 14 (L14) of the PCB. All the inner layers of the PCB are not depicted, to
clearly demonstrate the geometry of the VeCS in Fig. 3 (a). The cross-sectional view of
the VeCS is shown in Fig. 3 (b).

Y [— == N Top layer

. . 1.85 mm L8
Differential Plate Signal i)

micro-strip= trace

Fig. 3. The designed VeCS: (a) 3D view of VVeCS without inner layers, (b) cross-
sectional view of VeCS with inner layers.

~Oval-shape
ground racket

Differential
stripline

(@) (b)
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The conventional differential via with same stack-up and signal trace layout as the VeCS
is shown in Fig. 4 for comparison. The via pitch is 0.9 mm, and is designed for a 0.9 mm
pitch ball grid array of packaging. Furthermore, the layout area for the conventional via is
the same as that for the VeCS, to facilitate comparison. The Dk and Df of the board
dielectric for VeCS and conventional via are 3.3 and 0.003, respectively, at 10 GHz. The
Decreased and Df of the refill resin for VeCS are 4.23 and 0.003, respectively, at 10 GHz.

Top layer

N AV AT

| sl oy e e

Differential 1.85mm

micro-strips

" Transition

Differential vias
stripline _ i1
(a) (b)

Fig. 4. The conventional differential via. (a) 3D view of the conventional
differential via without inner layers. (b) Cross-sectional view of the conventional
differential via with inner layers.

The S-parameters of the VeCS and the conventional differential via are plotted and
compared in Fig. 5. Fig. 5 (a) shows the differential insertion loss Sqd21, and Fig. 5 (b)
shows the differential return loss Sdd11. From the comparison, Sad21 Of the VeCS is clearly
less than that of the conventional via above 40 GHz. Meanwhile, the Sqd11 of the VeCS is
clearly less than that of the conventional via by at least 5 dB in the frequency 10-50 GHz.
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Fig. 5. S-parameters of the VeCS and conventional differential via: (a) differential
insertion 10ss Sqaz1, (b) differential return 10ss Sq11.
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Furthermore, the TDR impedances of the VeCS and the conventional via are compared in
Fig. 6. The TDR impedance shows that the conventional via represents an inductance. The
maximum impedance of the via is 114 ohms when the rise time is 15 ps. Because the via
pitch is designed to be 0.9 mm for the specific pin pitch of a ball grid array. Thus the loop
inductance of the via is large. However, the maximum impedance of the VeCS is 104 ohms,
because of the transition structure of the microstrip to the vertical plate trace. The TDR
impedance explains why Sdd21 and Sdd11 of the VeCS-based channel are less than that
of the conventional via-based channel in certain frequency bands. The conventional via
and the VeCS were designed as the test vehicle 1 (TV1) for preliminary comparison for
crosstalk. Conventional via structures and VeCS are not optimized to the target impedance,
and identical neck-down structures were used to transition to conventional via and VeCS,
for fair comparison. The test vehicle 2 (TV2) set with optimized impedance for the VeCS

and the conventional via comparison will be presented in the future.

TDR Impedance (differential mode)

157 Rise time 15 ps
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Fig. 6. Differential mode TDR impedance of VeCS and conventional via. (The first peak
of VeCS TDR impedance comes from the transition structure of Microstrip to VeCS.)

Moreover, we evaluated the crosstalk mitigation performance of the VeCS on the basis of
the model shown in Fig. 7. Fig. 7 (a) shows the VVeCS-based channel model, and Fig. 7 (b)
represents the corresponding conventional via-based channel model for crosstalk
comparison. We used four pairs of differential channels to investigate the crosstalk

mitigation of the VeCS. The port settings of the S-parameter are indicated in Fig. 7.
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Fig. 7. 3D model of the VeCS and the conventional via for crosstalk comparison.
(2) 4 pair of differential channels with VeCS, (b) 4 pair of differential channels
with conventional via.

The crosstalk comparison of the VeCS and the conventional via is plotted in Fig. 8: the far-
end crosstalk (FEXT) of Sad14 and Sda14 is plotted in Fig. 8 (a), and the FEXT of Sqd17 and
Sdd1'7 is plotted in Fig. 8 (b). As shown in Fig. 7, Sdd14 Or Sqd1'4” is the FEXT of two channels
in different rows, and is shielded by one row GND vias, whereas Sdd17 Or Sad1'7" IS the FEXT
of two channels in the same row. From the comparison, the crosstalk on the VeCS model
is far less than that on the conventional via model, by approximately 20 dB, because the
crosstalk is greatly shielded by the ovel-shaped racket of the VeCS, as compared with
conventional GND via shielding. The Sad14 is less than the Sqd14 by at least 10 dB up to 60
GHz, while the Sqd17 is less than the Sqa17 by at least 5 dB up to 70 GHz.
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Fig. 8. Crosstalk comparison of the VeCS model and conventional via
model: (a) FEXT of Sgq14 and Sgq1-4, (b) FEXT of Sgg17 and Sq17'.

Measurements

To further verify the advantages of VeCS technology, we conducted real measurements of
the S-parameters of the designed PCB. The designed PCB of the high-speed channels with
the VeCS or conventional via is shown in Fig. 9. The length of the strip-line on the high-
speed channel was 2.5 inches. The conventional via or VeCS on the designed PCB was the
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same as that in the 3D simulation model introduced above. Here, a 110 GHz VNA was
used for the S-parameter measurement.

Footprint for & & &
connectors®

Fig. 9. Top view of the designed PCB (high-speed channels with 2.5inch strip line).

The crosstalk of channel 1 and channel 2 or channel 1" and channel 2" on the designed PCB
is compared in Fig. 10. Fig. 10 (a) and (b) shows the layout of channel 1, channel 2, channel
1", and channel 2". Fig. 10 (c) shows the comparison of FEXT, and Fig. 10 (d) shows the
comparison of the NEXT of the channels. As predicted by full-wave simulations, the FEXT
and NEXT are greatly mitigated by VeCS technology compared with the conventional via,
below a frequency of 60 GHz.

Channel 2

Channel 1
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Fig. 10. Crosstalk comparison of high-speed channels on designed PCB. (a) the channel
1 and 2 with conventional vias, (b) the channel 1’ and 2° with VeCS, (¢) FEXT
comparison, (d) NEXT comparison

Moreover, the crosstalk of channel 3 and channel 4, or channel 3" and channel 4°, on the
designed PCB is compared in Fig. 11. Fig. 11 (a) and (b) shows the layout of channel 3,
channel 4, channel 3", and channel 4°. The FEXT and NEXT of the channels are plotted in
Fig. 11 (c) and (d). The FEXT and NEXT were improved by VeCS technology, as
compared with the conventional via, below a frequency of 60 GHz.
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Fig. 11. Crosstalk comparison of high-speed channels on designed PCB. (a) the
channel 3 and 4 with conventional vias, (b) the channel 3’ and 4* with VeCS, (c¢)
FEXT comparison, (d) NEXT comparison

Conclusion

VeCS technology was introduced and analyzed in this article. The physical structure and
manufacturing processes of the VeCS were clearly presented. The electrical performance
of the VeCS was subsequently analyzed and compared with conventional vias through full-
wave simulations and measurements. The full-wave simulations indicated that the TDR
impedance of VeCS can be easily controlled to the target impedance, in contrast to the
conventional via. Thus, the return loss of the VeCS is lower than that with conventional
vias. The crosstalk on the channels can be greatly mitigated by VeCS technology,
particularly when the vertical signal traces of different channels are isolated by the oval-
shaped racket of the VeCS. A high-speed PCB was designed to evaluate the performance
of VeCS technology, wherein the crosstalk on differential channels was measured by 110
GHz VNA. The measurement results clearly showed mitigation of crosstalk by VeCS
technology.
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