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Precision is at the heart of every diagnostic device.   
The precision of a system is the degree to which the system 
will consistently provide the same result given the same 
operating conditions.  Precision is crucial – whether a system 
is a complex magnetic resonance imaging (MRI) sensor, an 
embedded tire pressure sensor, or a low-cost blood glucose 
meter – because it serves as the foundation for both accuracy 
and reliability.  For example, if a meter’s readings between 
two equivalent samples vary significantly, it will be difficult  
for the system to determine an appropriate response.   
This applies across all applications, from a skilled mechanic 
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troubleshooting a car to a patient using a personal 
glucose meter to figure out how much medication to take.  
How much precision a system requires depends upon 
what is being measured.  For instance, a small timing 
error on the order of milliseconds will not materially 
change a reading taken over a full minute.  However, 
as the quantities to be measured become smaller, even 
minor errors across the signal acquisition and processing 
chain begin to have more impact.  Every component in 
the system adds error and, if this cumulative error gets 
large enough, system precision will be compromised.

Margin for Error  
Developers commonly use the term “margin” to refer to 
the amount of error that can be present in a system and 
it will still meet minimum precision requirements.  A key 
challenge in the design of diagnostic equipment is balanc-
ing margin and system cost.  Overall precision can be 
increased by using components with a higher tolerance 
to minimize losses.  However, such components also tend 
to cost more.  In addition, higher precision can cost more 
to implement in certain areas of the system than others.  
Ideally, developers want to achieve the required level of 
precision in the least expensive manner.  When losses are 
minimized across a design, this increased margin allows 
developers to use less precise – and less expensive –  
components where they will have the greatest impact on 
system cost. 

Two common areas of errors that can reduce precision 
in diagnostic equipment are signal integrity and timing.  
Reducing signal integrity and timing errors gives develop-
ers the margin, or the flexibility, to:

•	 Gain	a	competitive	advantage	by	maximizing	overall	
system precision

•	 Speed	time-to-market	by	relaxing	signaling	require-
ments in other, more difficult to design areas of the system 

•	 Ease	design	by	simplifying	layout	and	routing	of	high-
frequency signals

•	 Reduce	system	cost	by	allowing	the	use	of	lower	preci		
sion – and less expensive – components.
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Signal Integrity 
Diagnostic equipment uses interfaces or interconnects to 
pass data through the system and to other devices using 
digital signaling.  Depending upon the application, a 
system	might	have	several	interfaces	such	as	USB,	PCI	
Express,	Ethernet,	SATA/SAS,	LVDS,	and	DP/HDMI.

The reliability of an interconnect is affected by noise, and 
the higher the data rate, the greater the impact noise 
has	on	reliability.		Sources	of	noise	within	a	system	may	
include its display, capacitive touch-based controls, low-
cost components, and crosstalk from nearby high-speed 
signals.  Developers must also take into account environ-
mental factors such as RF noise, electromagnetic inter-
fere (EMI), noise emitted from nearby devices, and noise 
coupled from the power supply.

Another key factor is the distance the signal must travel.  
The	material	used	in	printed	circuit	boards	(PCB)	causes	
signal attenuation, and the longer the trace, the more 
losses	there	are.		Losses	are	also	caused	by	vias	through	
the board and the location of the trace compared to 
other	high-speed	signals.		Similarly,	if	a	long	cable	is	
required, such as to connect an ultrasound sensor to a 
computer and monitor several feet away,  
additional losses may occur as well.

Figure 1 shows what can happen to an interconnect 
signal between the transmitter and receiver.  Figure 1a 
shows what the signal looks like when it leaves the trans-
mitter.  Developers refer to the open space in the 
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center of the diagram as the “eye” of the signal.   
As errors and losses increase, the eye begins to close (see 
Figure 1b).  At some point, the receiver will begin to have  
difficulty interpreting the signal.  If there is only an occasional 
error, the interconnect can recover the data, either through 
data correction mechanisms or by retransmitting the data.  
As the number of errors increases, however, the effective 
data rate and reliability of the interconnect begins to drop 
sharply.  If there are too many errors, the number of retrans-
missions will render the interconnect unusable.  

Even a few errors can create major problems in real-time 
systems.  And if the interface becomes unreliable, data could 
be late, lost, or corrupted.

Signal Conditioning
Many signal integrity errors can be eliminated through signal 
conditioning.		Signal	conditioning	uses	techniques	like	pre-
emphasis to account for known losses along the signal path.  
For example, when the signal is going to pass over a longer 
cable or board trace, it will experience a set amount of at-
tenuation.		By	boosting	the	signal	in	certain	ways,	the	signal	
can be adjusted, based on this attenuation, to arrive at the 
receiver with these losses compensated for.

Redrivers, also known as signal repeaters or signal condi-
tioners, maintain a high level of signal integrity by provid-
ing signal conditioning specifically designed for the type of 
interconnect in use.  The redriver is placed in the signal path 
and is optimized for the application through programmable 
settings	that	support	a	variety	of	physical	mediums	(i.e.,	PCB	
material, cable type) and drive distances.  Note that for inter-

Fig.1a Eye diagram at Transmitter Fig.1b Eye diagram at receiver without Redriver

connections that are bidirectional, (i.e., the diagnostic device 
sends and receives data over the same interface), a redriver 
improves signal integrity in both directions.

Figure 1c shows an example of how signal conditioning im-
proves signal integrity.  Rather than the closed eye of Figure 
1b, the eye in Figure 1c is wide open.  While there is still 
some degradation from other noise sources, the signal is well 
within the necessary requirements, ensuring data accuracy 
and reliability.

Signal	conditioning	is	important	to	consider	when	the	diag-
nostic device can be connected to a variety of other devices.  
For example, a personal sports device such as a heart-rate 
monitor	used	with	exercise	equipment	might	have	a	USB	
port	to	enable	connection	to	a	PC	for	downloading	of	data.		
However, if a long, poorly shielded cable is used, there might 
be issues that arise from an unreliable connection.  To the 
user, it might appear that the diagnostic device is at fault.  

Fig.1c Eye diagram at receiver with Redriver

Both	noise	from	within	a	system	and	environmental	noise	can	degrade	the	
integrity of a signal on its way between the transmitter (1a) and receiver (1b). 

A redriver uses signal conditioning technology to adjust for losses so that 
signal integrity is restored when the signal reaches the receiver.
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The result is a costly product return even though it is the 
cable	that	is	causing	the	problem.		Signal	conditioning	pro-
vides assurance that a device will be able to connect reliably 
under conditions where the connection might otherwise fail.

Timing Errors
Underlying every signal in a digital device is the system 
clock.  The clock is used to synchronize each component of 
the system, and so any error introduced by the clock, there-
fore, will cascade through every signal in the system.  

Jitter refers to undesirable variation in a clock signal.   
The more jitter there is, the more the clock can vary from 
its expected value.  Jitter can affect precision in several 
ways.  For example, if the time between two measurements 
is important, any variation in time creates a variation in the 
measurements	and	so	reduces	the	precision.		Similarly,	high-
speed interconnects require extremely precise timing, and 
variation in the clock erodes available signal margin.

As the source of all timing, the precision of the clock be-
comes a limiting factor of the precision of the entire system.  
Thus, diagnostic equipment requires a clock that matches the 
precision requirements of the rest of the system.  The clock 
must match the temperature and reliability needs of the ap-
plication as well.

Developers have a range of timing technologies from which 
they	can	choose.		Beyond	simple	clock	ICs	and	crystal	oscil-
lators,	application-specific	standard	products	(ASSPs)	are	
available that provide optimized timing tailored for specific 
applications.  For larger systems with more complex timing 
requirements, low-jitter, high-performance clock generators 
provide precision and flexibility by supporting multiple high-
frequency outputs.

Both	signal	conditioning	and	timing	technologies	are	mature	
technologies whose reliability has been proven across nu-
merous industries.  This allows even developers of diagnostic 
equipment in niche markets to leverage the cost economies 
that come from high volume production of these technolo-
gies.

Pericom	Semiconductor	offers	developers	access	to	many	
resources to help them improve precision in their designs as 
well as serves as a single source for an OEM’s signal con-
ditioning and timing needs.  For example, production-ready 
reference designs provide detailed information on how to 
cost-effectively implement signal conditioning to meet a wide 

range of precision requirements.  With its own manufacturing 
capabilities, Pericom’s vertically integrated supply chain of-
fers OEMs the benefits of in-house design, mass production 
and supply capacity, consistent quality control, excellent lead 
time, and superior cost.

The accuracy and reliability of diagnostic equipment is essen-
tial to success in the marketplace.  Focusing on maintaining 
the precision of the overall system, from its timing source to 
its interconnects, gives developers the flexibility to maximize 
accuracy and reliability, simplify design, and reduce system 
cost.

For more information about how you can take advantage 
of greater signal integrity and low-jitter timing technology, 
contact:	http://www.pericom.com
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“Many signal  
integrity errors 

can be eliminated 
through signal con-
ditioning.  Signal 
conditioning uses 
techniques like 
pre-emphasis to 

account for known 
losses along the 
signal path. “ 


