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Introduction 
 
A new class of consumer digital cables known as Compact Active Cables has arrived in 
the market. Compact Active cables embed signal processing technology directly into the 
cable structure to improve bandwidth performance and extend the capability of many 
communications standards such as HDMI, USB, DisplayPort and Infiniband. In Compact 
Active cable solutions the embedded chip compensates for the data loss which occurs 
when very high speed signals are transmitted over copper. This active boosting means 
that active cables can be made thinner, longer, faster, lighter and more compact than their 
passive equivalents. Using HDMI as an example case, in this paper the limitations of 
HDMI passive cables are reviewed and the principles of Compact Active cable 
technology are explained.  
 
Characteristics of High Speed Data Cables 
 
Copper cables have limited bandwidth that is to say that while the low frequency signal’s 
energy will be passed unaltered, the high frequency energy in the signal will be 
attenuated. The magnitude of this attenuation versus frequency in a cable is a good 
measure of the quality of a cable and directly influences the quality of the data 
transmission in that cable. Maintaining high data quality is a difficult task, made more 
difficult by increased channel speed and cable length.  
 
The data quality can be measured in terms of eye closure within Eye Diagrams. Figure 1 
shows a range of loss characteristics in three independent cables (Cable A, Cable B and 
Cable C) and the impact of this loss on the cable’s respective data eye diagram. Eye 
Diagrams for the cables below are taken at a 3.4Gbps (1.7GHz) data rate. The figures 
clearly show the direct relationship between increasing cable attenuation and the 
corresponding increasing eye closure.  
 
 
 
 
 
 
 
 
 
 
 

 
 

         
 
 
 
      
 
 
 
 
 
 
 

  
 
 
 

Figure 1 Cable loss and corresponding eye diagrams 

1.7GHz 
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From this, Cable C with a loss of 10dB at 1.7GHz has a very poor eye diagram. So for 
cables with 10dB attenuation or higher, the performance and signal integrity at the 
3.4Gbps data rate is severely compromised. 
 
If we now look at sample loss characteristics from a batch sample of 5 meter AWG28 
HDMI cables (Figure 2) we note that while each cable is nominally the same, the 
manufacturing process variations can cause a variation in loss characteristics. 
 
From Figure 2(a) we note that even the best-case cable has a suppression of ~9db at 
1.7GHz. From the data shown in Figure 1 above, it can be deduced that even this best-
case cable will have poor data transmission at 3.4Gbps. This is seen in Figure 2(b) which 
shows the corresponding closed eye diagram. 
 
Figure 2(a) also shows the worst case cable attenuation is ~17.5db at 1.7GHz and Figure 
2(c) shows the closed eye diagram corresponding to this worst-case cable.  
 
The most important information in Figure 2(a) is that the variation in suppression in this 
batch of cables is ~8.5dBs. Such a wide variation is not uncommon within batches that 
are nominally the same.  
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Figure 2 Cable loss variation and eye diagrams for a 5 meter AWG 28 cable. 

  
To summarize: passive cables, even at AWG28, exhibit significant suppression. Even 
within a batch of cables that have the same length, construction methods and bill of 
materials, the amount of suppression varies considerably.  
 
Traditionally, the burden of signal recovery for poor data eyes has been placed on the 
receiver architecture. However, the receiver has no specific knowledge of the specific 
capability of the cable medium used to carry the data, and must make broad assumptions 
as to the performance of the cable. The principle of Compact Active cables is to place 
signal processing technology directly into the cable, where the characteristics of the cable 
channel are precisely known, and a focused boost mechanism can be used to enhance 
data recovery.�

Eye Diagram 

Figure 2(c) 

Figure 2(a) 

Figure 2(b) 

5m AWG28 Attenuation V’s Frequency 

1.7GHz 
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�
Using Equalization to Boost Cable Performance 
 
In order to address the above-mentioned performance limitations, the ideal solution 
would have in-cable equalization capable of up to 25dBs of boost. Such equalization 
should have a variety of boost characteristics in order to cancel various losses in a wide 
spectrum of cable gauges, lengths and speeds. As already discussed, not only can 
individual cables from the same batch show different loss characteristics but individual 
channels within each cable can also widely vary. A solution whereby each channel has an 
equalizer that can be individually tuned or programmed at production would solve all 
performance issues. 
 
The function of the equalizer can be described as follows: As the magnitude response of a 
system rolls off at higher frequencies, the equalizer counteracts this phenomenon by 
having a magnitude response that will increase with increasing frequency. There are 
typically two options for equalization – passive and active. 
 
Passive equalization techniques suffer from a number of critical performance limitations 
which restrict their application. Passive equalization requires an inventory of passive 
elements which are costly to maintain for manufacture. The passive circuit has no gain – 
in fact it suppresses the signal. This will result in a reduced signal to noise ratio at the 
output of the cable. Impedance matching can also be an issue as the passive elements of 
the circuit will compromise the 50ohm matching requirements, causing potential 
undesirable reflections in the cable. 
 
Another significant drawback with a passive equalizer scheme is that it is difficult to 
construct the complex boost characteristics required by the 3.4Gbps channel using 
passive techniques. Consider Figure 3 where a cascade of poles and zeros is used to 
approximate a boost characteristic of 13dB/decade. This is a complex scenario in that for 
the equalizer to realize this characteristic would require a large number of poles and 
zeros. Each pole and zero requires additional passive elements. Beyond only a small 
number of poles and zeros the passive equalizer circuit becomes cumbersome and costly. 
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Figure 3 Transfer function with many poles & zeros 
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Most importantly however the passive equalizer is not adaptive. The circuit has no way of 
altering its performance based on the characteristics of the cable in its input path. It has a 
fixed amount of equalization and needs to be redesigned to function optimally for various 
cable gauges, lengths and frequencies, and will never be adaptable on a per channel basis. 
�
Active cable equalization techniques overcome all of these performance limitations. An 
active equalizer has signal gain so that signal swings are amplified and do not suffer from 
the associated losses and distortions. Impedance matching is overcome as correct 
terminations can be applied on the input and output of the equalizer, resulting in lower 
reflections within the cable. With a programmable silicon active equalizer embedded in 
the cable, it is possible to construct large sets of poles and zeros cheaply and then tune 
them to cater for a large range of cable responses. This allows for a whole family of 
different equalizer boost settings which are tunable on a per channel basis. 
 
Figure 4(a) below shows a non compliant closed eye diagram for a non equalized 5m 
AWG32 cable at 3.4Gbps. Figure 4(b) shows the benefit of using an embedded silicon 
chip in a 5m AWG32 active cable at the same data rate. The eye diagram is open and 
passes compliance. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4(a) 5 meter AWG32 Non Equalized 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4(b) 5 meter AWG32 Actively Equalized 
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Power Requirements of Active Equalization 
 
A further challenge in supplying any kind of equalization is delivering power to the 
equalization circuit. HDMI only allows for 5mA current consumption from its 5V power 
supply. This 5mA limit makes it difficult to deliver effective equalization solutions for 
any useful range of cable structures, thicknesses, lengths and speeds. 
�
With this limitation in mind, power can be harvested from the sink device, e.g. TV or 
monitor, through the output driver of the equalizer circuit. This power supply is then used 
to supply the equalizer and subsequent circuits needed to drive the data through the 
output driver. Another aid in dealing with low power is to use small circuit devices. The 
usual limitation with this approach is that matching in these small devices deteriorates, 
which in itself would severely limit the performance of the channel. This problem is 
removed however with advanced silicon design techniques in the design of these circuits.   
With these power-related additions, no external power supply is required for the 
equalization and the 5mA HDMI limit is adhered to with the active equalizer. This 
ensures that the approach does not violate the standards compliance requirements of the 
HDMI standard.   
 
Production Test of Compact Active Cables 
 
The final part of the active equalization solution relates to catering for the variation of 
attenuation within cables of the same batch in a production environment, as mentioned 
above in Figure 2. Clearly, this variation needs to be measured and this measurement can 
then be used to tune the active equalizer. To make such a measurement and cancel these 
variations, a test architecture is needed. 
 
There are three key elements for a tester to be effective in this environment. Firstly, 
adaption and programming of the equalizer must be fast. It has to be able to scan all 
potential programmable equalizer settings for a given cable in a time which does not 
significantly increase the cable production time. Secondly, it must be accurate. The tester 
must be capable of measuring data quality in the form of eye diagrams with an accuracy 
of picoseconds to adequately cover line rates of >3.4Gbps. Finally, a production test 
environment must be cost effective to purchase and maintain.  
 
The most common approach in the market today for this tester is a signal generator and 
oscilloscope. Clearly this does not meet the required stipulations above. While the scope 
is accurate, the resulting test times can be up to 8 minutes. This is too long for practical 
use in a cable production environment. Finally a leading branded scope and signal 
generator costs of the order of hundreds of thousands of dollars, and typically these 
would not be robust enough for the production floor.  
 
The alternative approach to the signal generator & scope is to build a dedicated cable 
tester. In fact the key idea is to build a high speed measurement facility directly into the 
IC which contains the equalizer.  With one dedicated function for this measurement block 
it can be optimized to solve all of the measurement constraints discussed. It is can be 



�

� 7 

accurate to picoseconds, it is cheap and can work rapidly on a per-channel basis, picking 
the optimal equalizer settings and returning quality measurement for each channel. 
Typical test time in production for this approach is less than 2 seconds.  
 
Figure 5(a) shows this tester concept and Figure 5(b) shows an actual implementation. 
Both sides of the cable are plugged into the active tester in a loop-back setup as shown. A 
high speed signal is transmitted from the source side of the tester, down the cable and 
received on the sink side where a sample is measured and equalized for optimum 
performance. The high-speed eye measurements are carried out on-chip. Each channel in 
each cable can have an individual equalizer setting. In Figure 5(b) the tester box is 
primarily designed to issue control commands and gather manufacturing process data for 
a production database. 
 
 

 
Figure 5(a) Embedded block for cable test concept. 

� � � � �

�
                                        Figure 5(b) Cable tester configuration in production.�
�
This tester scheme provides in-cable equalization with 100% cable test coverage. This is 
a significant upgrade to the Statistical Process Control techniques currently employed. 
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Benefits of Compact Active Cables 
 
The obvious immediate benefit of the active silicon solution with embedded equalization 
is that thinner, more compact and lightweight cables are easily manufactured in a volume 
production environment. The higher signal loss caused by reducing the gauge of the cable 
is offset by the adaptive equalizer. Another benefit is that cable lengths can be extended 
for any given speed and cable gauge. The active circuit can compensate for the extra 
attenuation associated with the extra length in the cable.  
 
The gains in reducing cable thickness are clearly shown in Figure 6, Figure 7(a) and 
Figure 7(b). Figure 6 shows a cross section of an AWG28 cable compared to that of a 
thinner AWG42. Figure 7(a) shows an actual AWG28 alongside an AWG42 of the same 
length. It shows the dramatic reduction in cable volume which results from using an 
AWG42 instead of an AWG28 cable. 
�
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Figure 6 Cross section of AWG 28 and AWG 42 cables 
 
Figure 5(a) above shows an AWG28 with an outer diameter of 7.3mm V’s an AWG42 
with an outer diameter of 2.3mm. 
 
 
 
 
 
 
 
 
 
 
 
 

7.3mm 

2.3mm 

AWG28 

AWG42 
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   Figure 7(a) AWG 28 & AWG 42 cable        Figure 7(b) 2 meter AWG 28 & AWG 42 cable 
 

 
Figure 7(a) above shows an actual AWG28 (left) compared to a thinner AWG42 (right). 
Figure 7(b) compares the space occupied by two same length cables of AWG42 (top) and 
AWG28 (bottom). 
�
These Compact Active cables have many advantages. The lower bend radius and 
associated flexibility in the cable make for easier point to point HDMI connections. (See 
Table 1 for relative bend radius, relative volumetric and actual weight comparisons). 
Most importantly in the HDMI, USB and DisplayPort applications, the consumer prefers 
the lighter, more compact form factor and the ‘look and feel’ of this new class of cables. 
With HDMI rapidly gaining ground in portable markets (mobile phones, digital still 
camera and digital video camera), the need for compact HDMI cables is obvious.  
 
(Environmental factors also come into play with the reduced use of materials such as 
plastic and copper in the manufacturing process. The cables are also lighter, meaning 
shipping costs are lowered.)  
�
Table 1 below summarizes the diameter, relative bend radius, relative volumetric weight 
and relative weight for a range of different AWG cables. 
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AWG Outer Diameter Relative Bend 
Radius 

Relative Volumetric 
Weight 

Relative 
Weight 

28 7.3mm 1 1 1 

36 2.8mm 0.4 to 0.25 0.4 to 0.2 0.20 

42 2.3mm 0.3 to 0.15 0.3 to 0.1 0.12 

�
Table 1 Diameter, relative bend radius, volumetric weight and weight versus AWG for cables 

 
Another quantification of the benefit of an active embedded silicon equalizer is listed in 
Table 2 below. This shows a matrix of Cable Gauge vs. Length for cables with and 
without active equalization. The increase in the possible cable length, for a given cable 
thickness, is a factor of 5 of greater.     
 

 HDMI CAT2 
3.40Gbps 

CABLE EQ 
 

No EQ 

AWG28 16.5m 3m 
AWG30 14m 2m 
AWG32 11m 1m 
AWG36 5.5m <1m 
AWG42 3m 0.25m 

 
Table 2 Possible cable length versus cable thickness, with and without embedded equalizer 

 
(Although not considered in this paper, it is worth noting that the tighter bend radius and 
light weight of Compact Active cables bring significant benefits in enterprise networking 
applications such as Infiniband and PCI Express, where rack density and effective air 
handling are key performance metrics.) 
 
Conclusion 
 
Active equalization techniques overcome all of the performance limitations normally 
associated with highly attenuated cables. The embedded silicon adapts itself on a per-
channel basis for any given cable gauge, line rate or length. Embedding a high speed eye-
measurement system into the equalizer chip enables a very low cost and fast production 
tester which provides for 100% cable test. This technology enables a new breed of 
compact cables capable of longer lengths, thinner outer diameters, increased flexibility, 
guaranteed quality and a dramatic improvement in performance. Compact Active cable 
technology will find its way into a broad range of communications applications. 
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