High-Speed Digital Transmitter
Characterization Using Eye Diagram

Analysis

The eye diagram analyzer constructs both conventional eye diagrams
and special eyeline diagrams to perform extinction ratio and mask tests
on digital transmitters. It also makes a number of diagnostic
measurements to determine if such factors as waveform distortion,
intersymbol interference, or noise are limiting the bit error ratio of a

transmission system.

by Christopher M. Miller

The goal of any transmission system is to deliver error-free
information reliably and economically from one location to
another. The probability that any bit in the data stream is
received in error is measured by a bit error ratio (BER) test.
This test is performed using an error performance analyzer,
commonly referred to as a BER tester or BERT. Generally, a
pseudorandom binary sequence (PRBS) from a pattern gen-
erator is used to modulate the transmission system’s source,
while an error detector compares the received signal with
the original transmitted pattern. The BER is defined as the
number of bits received in error divided by the number of
bits transmitted, which equals the error count in a measure-
ment period divided by the product of the bit rate and the
measurement period.

In general, BERT measurements tend to be pass/fail in
nature, and convey very little information about a failure.
Moreover, some additional tests are usually required on
components to ensure that they will meet the desired BER
when they are installed into a system. For these reasons, it is
desirable to perform a number of parametric measurements
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on the transmitted waveform in the time domain. Typically,
an oscilloscope or an eye diagram analyzer is added to the
BERT system as shown in the typical optical transmitter mea-
surement setup in Fig. 1.

The pattern generator is still used to provide the stimulus.
Different time-domain displays can be obtained depending
on the choice of the trigger signal. When the pattern trigger
or frame provides the trigger signal, a stable portion of the
pattern appears on the display. When the clock frequency is
used as a trigger signal, the data pattern waveform, superim-
posed on itself, produces a waveform display that is referred
to as an eye diagram as shown in Fig. 2a. In general, the
more open the eye is, the lower the likelihood that the re-
ceiver in a transmission system may mistake a logical 1 bit
for a logical 0 bit or vice versa.

In an effort to standardize the high-speed telecommunication
systems that are being developed and deployed, standards

have been adopted for equipment manufacturers and service
providers. Two such standards are the synchronous optical
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Fig. 2. (a) Conventional eye diagram. (b) Eyeline diagram.

() Eyeline diagram with eye filtering.
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network (SONET), a North American standard, and the syn-
chronous digital hierarchy (SDH), an international standard.
Both standards are for high-capacity fiber-optic transmission
and have similar physical layer definitions. These standards
define the features and functionality of a transport system
based on principles of synchronous multiplexing. The more
widely used transmission rates are 155.52 Mbits/s, 622.08
Mbits/s, and 2.48832 Gbits/s.

One of the goals of the standards is to provide “mid-span
meet” so that equipment from multiple vendors can be used
in the same telecommunications link. The standards specify
extinction ratio and eye mask measurements on the trans-
mitted eye diagram to help ensure that transmitters from
various vendors are compatible.12 The eye diagram shown
in Fig. 2a is from a laser transmitter operating at 2.48832
Gbits/s. It shows the characteristic laser turn-on overshoot
and ringing.

Eye Diagram Characterization

An important specified test parameter for these transmission
systems is the extinction ratio (ER) of the eye diagram. It is
typically defined as:

ER = 10 Iog Pavg(logic 1)

Pavg(logic 0)

where Pyygogic 1) is the mean or average optical power level
of the logic 1 level and Pyyglogic 0) is the mean or average
optical power level of the logic 0 level. For SONET/SDH
transmission systems, the minimum specified extinction ratio
is 10 dB. In some cases, the extinction ratio is expressed as
the linear ratio of the two power levels. A good extinction
ratio is desired in these systems to maintain an adequate
received signal-to-noise ratio.

Although the definition of extinction ratio is relatively
straightforward, the measurement methodology to determine
the mean logic levels is not specified in the standards, such
as SDH standard G.957. The histogram and statistical analysis
capability of digitizing oscilloscopes can be used to deter-
mine the mean and standard deviation (sigma) of a wave-
form. However, there are no standard criteria for setting the
windows and limits for the collection and evaluation of the
data to determine the mean logic levels.

The Telecommunications Industry Association/Electronics
Industry Association (TIA/EIA) has developed a recommended
methodology for making eye diagram measurements called
the Optical Fiber Standard Test Procedure #4 (OFSTP-4).3 It
recommends that voltage histograms be used to determine
the most prevalent logic 1 and 0 levels of the eye pattern
measured across an entire bit period. The OFSTP-4 also
points out the importance of removing any residual dc offset
from the extinction ratio measurement because this can dra-
matically affect the measurement accuracy.

Over the years, the designers of digital transmission systems
have learned that the eye diagram should have a particular
shape to achieve a good BER. Often these designers have
constructed areas, or masks, inside and around the eye dia-
gram. The eye diagram waveform should not enter into these
masked areas. The polygons in the center of the eye dia-
gram shown in Fig. 3 and the lines at the top and bottom
correspond to the mask used to evaluate optical transmitters



00 X1 X2 X3 X4 1.0

Unit Interval
STM-1 STM-4 STM-16
(155.52 (622.08 (2.48832
Mbits/s) Mbits/s) Ghits/s)
X1/ X4 0.15/0.85 0.25/0.75 X3-X2 0.20
X2/X3 0.35/0.65 0.40/0.60 Y1/Y2 0.25/0.75
Y1/Y2 0.20/0.80 0.20/0.80

Fig. 3. Laser transmitter eye diagram masks for SONET/SDH trans-
mission systems.

intended for use in SONET/SDH systems. Depending on the
transmission bit rate, the size and shape of the mask changes.
The x and y coordinates are specified for each bit rate and
their relative positions are based on the mean logical 1 level
and the mean logical 0 level. The mask for the lower bit
rates is a hexagon, whereas the mask for 2.48832-Gbit/s
transmission is a rectangle. The receiver bandwidth for the
measurement of the transmitted eye diagram is specified to
be a fourth-order Bessel-Thomson response with a reference
frequency at three fourths of the bit rate. This ensures a
common reference bandwidth for transmitter evaluation.
Hardware low-pass filters are commonly employed to
achieve this response.

To date, existing instrumentation has been inadequate to
design, build, and test optical transmitters sufficiently to
meet the requirements of these transmission standards in
certain key areas. Repeatable extinction ratio measurements
are often difficult to obtain, particularly extinction ratio mea-
surements of the low-power optical signals common in these
systems. Easy-to-use mask compliance testing, with default
standard masks that automatically scale to the data would be
a convenience. But, most significantly, a tool to aid design-
ers in diagnosing transmitted BER problems would be a ma-
jor contribution.

Eye Diagram Analyzer

The HP 71501A eye diagram analyzer combines the HP
70820A transition analyzer module,4 the HP 70004A color
display and mainframe, and the HP 70784A eye diagram
personality. The personality is stored on a 128K-byte ROM
card and can be downloaded into the instrument. The instru-
ment can be used with a number of optical converters.
When the eye diagram analyzer is combined with a pattern
generator such as a member of the HP 71600 family of pat-
tern generators, a number of formerly difficult transmission
measurements can be made easily. This instrument configu-
ration is shown in Fig. 4.

Fig. 4. Photograph of the HP 71501A eye diagram analyzer with an
HP 71603B pattern generator system.

The operation of the HP 71501A differs from that of a con-
ventional digital repetitive sampling oscilloscope. As shown
in Fig. 5, both instruments have microwave samplers to sam-
ple the incoming waveform before it is digitized by an ana-
log-to-digital converter (ADC). A digitizing oscilloscope has a
trigger input that is used to start a sample. In addition, an
incremental delay is added to the trigger signal so the sam-
ples step through the input waveform. After many cycles of
the incoming signal, a complete trace of the input waveform
is constructed.

The sample rate of the eye diagram analyzer is not deter-
mined by an external trigger, but it is set according to the
frequency content of the incoming signal itself. As the in-
coming signal is digitized, it is analyzed to determine an
appropriate sample frequency to down-convert it optimally
into the intermediate frequency (IF) section.

As shown in the block diagram, Fig. 6, the HP 71501A has
two identical signal processing channels which can sample
and digitize signals from dc up to 40 GHz. Input signals to
each channel are sampled by a microwave sampler at a rate
(f;) between 10 MHz and 20 MHz. The sample rate is depen-
dent upon the signal frequency and the type of measure-
ment being made. The outputs of the samplers are fed into
the dc-to-10-MHz IF sections. The IF sections contain switch-
able low-pass filters and step-gain amplifiers. The dc compo-
nents of the measured signal are tapped off ahead of the
microwave sampler and summed into the IF signal sepa-
rately. The outputs of the IF sections are sampled at the
same rate as the input signal and then converted to a digital
signal by the ADCs.

Once the signals are digitized, they are fed into the buffer
memories. These buffers hold the samples until the trigger
point is determined. The buffer memories make it possible
to view signals before the trigger event without using delay
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lines. By triggering on the IF signal, the HP 71501A is able to
trigger internally on signals with fundamental frequencies as
high as 40 GHz. Once the trigger point has been determined
and all the necessary data has been acquired, the appropriate
data is sent to the digital signal processing (DSP) chips.

An FFT is performed on the time data that is sent to the DSP
chips. With the time data now converted into the frequency
domain, IF corrections are applied to the data. The IF correc-
tions compensate for nonidealities in the analog signal pro-
cessing path. In addition, in certain modes of operation, the
nominal measurement 3-dB bandwidth of 22 GHz can be
extended to 40 GHz by applying RF corrections. The RF
corrections compensate for microwave sampler conversion
efficiency roll-off versus frequency. Similarly, in these modes
of operation, user-entered corrections or filtering can be
applied at this point as frequency-domain multiplication. As
we will see later, this is a very useful capability. Finally, the
inverse FFT is performed.
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Fig. 5. Simplified architectural
comparison of the eye diagram
analyzer (a) and a conventional
sampling oscilloscope (b).

Generating Eye and Eyeline Diagrams

Fig. 7 shows how the HP 71501A acquires data in the time
domain using a technique called harmonic repetitive sam-
pling. The sample rate is set so that successive sample points
step through the measured waveform with a specified time
step. The sampling period, Ts, is computed using the funda-
mental signal period, the time span, and the number of trace
points. Ts is set such that an integer number (N) of signal
periods plus a small time increment (AT) occur between
successive sample points. For example, suppose that the
input signal is a 100-MHz square wave as shown in Fig. 7.
The minimum sampling period of the HP 71501A is 50 ns.
Therefore, five cycles of the input waveform are skipped
between samples. However, if the sample period were set to
exactly 50 ns, sampling would occur at the same point on
every fifth cycle, and no new information would be gained.
For a time span of 10 ns and the number of trace points
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Fig. 6. Simplified block diagram of the eye diagram analyzer.
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51ns 51ns 51ns

Input: Ideal 100-MHz Square Wave
fsignal =100 MHz

tsignal =10ns
Instrument State:
Time Span =10 ns 510 ns
Number of Trace Points = 10
N=5
_1_
Ts = E = (N x Tsignal) + AT
Time Span
AT p _10ns

~ Number of Trace Points 10

Therefore: Tg =51 ns

equal to 10 points, a time resolution or AT of 1 ns is re-
quired. For this time resolution, the actual sample period is
50 ns + 1 ns = 51 ns. Thus, at every fifth cycle of the input
waveform the sampling point moves forward 1 ns, and after
fifty cycles of the input waveform, one complete trace of the
input signal would be displayed.

With the signal frequency set equal to the clock frequency,
the HP 71501A uses the process of harmonic repetitive sam-
pling to generate eye diagrams similar in appearance to those
of sampling oscilloscopes. The eye diagram of a pseudoran-
dom bit sequence (PRBS) obtained in this manner is shown
in Fig. 2a. Like the display of a conventional digital sampling
oscilloscope, the eye diagram is constructed from samples of
a number of bits in the sequence, which are displayed as a
family of dots when persistence mode is activated. The only
relationship between the samples or dots is their position
relative to a trigger point, which is usually the rising or fall-
ing edge of a clock signal.

The HP 71501A uses a modified version of this same tech-
nique of repetitive sampling to construct the eyeline dia-
grams of PRBS signals or any bit sequence whose pattern
repeats. Fig. 2b shows an eyeline diagram of the same laser

15ns

61ns 61ns

51ns 51ns 51ns

1ns

Fig. 7. Harmonic repetitive
sampling of a waveform.

transmitter as Fig. 2a. In this mode, successive samples come
from the same or adjacent bits in the pattern. The samples or
dots in these eyeline diagrams can be connected, and a
whole trace or portion of the bit sequence is displayed at
one time. When the display is in persistence mode, a num-
ber of traces of different portions of the bit sequence are
superimposed, forming the eyeline diagram. The continuous
traces that make up the eyeline diagram convey much more
information than the sampled smear of dots observed in the
conventional eye diagram. The pattern dependent traces that
make up the eyeline diagram, as well as the bit transitions,
are readily seen. With the eyeline display it is possible to ob-
serve whether noise, intersymbol interference, or mismatch
ripple is causing eye closure.

When the HP 71501A is placed in the eyeline mode, fgignar is
set to the clock rate divided by the pattern length, and Ty is
set such that successive sample points step through the
waveform pattern. AT is computed exactly as before. For the
example shown in Fig. 8, the clock frequency is 1 GHz, the
pattern length is 15 bits, and fsignar is 66.67 MHz. For a time
span of 15 ns and the number of trace points equal to 15, a
AT of 1 ns is required. Tg can be computed to be 61 ns.

Input: 1-Gbit/s, 15-Bit Pattern
fClOCk =1GHz

Pattern Length = 15 bits _1_

fsignal = 66.697 MHz Ts =, = (N X Tsigna) + AT

Tsignal = 15 s _ Time Span 15 ns _ Lns
Trace Length 15

Instrument State:

Time Span = 15 ns
Trace Length = 15
N=4

Therefore: Tg =

61ns Fig. 8. Harmonic repetitive
sampling of a PRBS waveform to

generate an eyeline diagram.
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Thus, every fourth cycle of the pattern, the sampling point
moves forward 1 ns, and after sixty cycles of the pattern
waveform, one complete trace of the pattern is displayed.

Eye Filtering

The eyeline mode traces can be filtered to remove the noise
and nonpattern dependent effects. As shown in Fig. 2c, this
allows an enormous improvement in the ability to view the
individual traces. The reduction in trace noise and the im-
provement in signal-to-noise ratio (SNR) available in eyeline
mode are enabled by turning on the eye filter. Trace averag-
ing, a common technique to improve the SNR of time-
domain displays of a stable pattern, cannot be applied to
conventional eye diagrams because the averaged waveform
would converge to the dc or average level.

For signals with pattern repetition frequencies greater than
10 MHz, turning on the eye filter switches in a 100-kHz IF
hardware filter. This effectively reduces the IF bandwidth
from 10 MHz to 100 kHz, which provides a fixed 20-dB sig-
nal-to-noise improvement. However, for most PRBS signals,
the pattern repetition frequency is much less than 10 MHz.
In this case, additional digital signal processing is performed
to improve the SNR. In essence, a number of samples are
taken at each time record point in the measured waveform.
This is accomplished by sampling at a rate equal to or har-
monically related to the pattern repetition frequency. For
each time point, the samples are passed through a narrow-
band filter implemented with an FFT. To sample the next
trace point, the internal synthesizer controlling the sampling
rate is phase-shifted a precise amount. This process is re-
peated for each trace point. The actual amount of noise re-
duction or processing gain is a function of the number of
samples taken at each trace point. From an operational
standpoint, the amount of processing gain is represented by
an equivalent noise-filter bandwidth. The bandwidth of the
filter indicates the relative noise reduction normalized to the
10-MHz IF bandwidth. As the effective bandwidth is re-
duced, the

number of samples increases, and the trace update rate gets
slower. The following table shows the SNR ratio
improvement for a given number of samples.

Equivalent Filter SNR Number of

Bandwidth Improvement Samples
10 MHz 0dB 1
2 MHz 7dB 16
1 MHz 10 dB 32
500 kHz 13 dB 64
250 kHz 16 dB 128
125 kHz 19dB 256
62.5 kHz 22dB 512

The eyeline mode with eye filtering offers a significant im-
provement over conventional eye diagram measurements in
the ability to observe low optical signal levels. Shown in Fig.
9a is the same laser transmitter whose output now has been
optically attenuated. This conventional eye diagram display
is of poor quality because of inherent sensitivity limitations
and the inability to perform trace averaging on a PRBS wave-
form. Enabling the eyeline mode and activating the eye filter
makes the eye diagram once again clearly visible as shown
in Fig. 9b. This function makes it easy to observe signals that
are only several millivolts in amplitude, which is impossible
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Fig. 9. (a) Conventional eye diagram of a low-level signal.
(b) Eyeline diagram of a low-level signal with eye filtering applied.

to do with conventional high-speed digital sampling oscillo-
scopes.

An application of this measurement capability is the observa-
tion of the eye diagram of a transmitted optical signal after
the signal has passed through a long length of optical fiber.
Because of the attenuation of the fiber, eye diagrams are
often difficult to observe in this manner. With the eyeline
mode, it is possible to determine if the chirp of the laser
transmitter, along with the dispersion in the fiber, is causing
any waveform distortion.

Software Corrections and Filtering

RF corrections can be applied to extend the measurement
bandwidth of the HP 71501A to 40 GHz while the instru-
ment is in the eyeline display mode, in which a unique map-
ping exists between the IF frequency and the input RF fre-
quency. When the IF signal is digitized, an FFT is used to
convert it to the frequency domain. The IF frequencies are
then mapped into the corresponding RF frequencies, and the
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Fig. 10. Eyeline diagram with software filtering applied and user
correction table corresponding to a fourth-order Bessel-Thomson
response.

appropriate correction is applied at each frequency. Finally,
an inverse FFT is applied to the result to transform it back to
the time domain. These same processing routines are avail-
able for user-defined corrections or filters. For example, this
capability can be used to calibrate the eyeline lightwave
measurements by correcting for any optical converter roll-
off. In addition, it can be used to evaluate eyeline diagrams
under different filter response conditions.

As previously mentioned, the transmission standards require
that the eye mask measurements be made in a receiver band-
width that corresponds to a fourth-order Bessel-Thomson
response with a reference frequency at three fourths of the
bit rate. Hardware filters or special lightwave converters are
often employed to achieve this. By using the user corrections
available in the HP 71501A, the ideal transfer function can
be implemented with a software filter. The filtered display
shown in Fig. 10 was made with a software filter applied
that corresponded to the desired ideal Bessel-Thomson
response.

Up to 128 magnitude and phase points can be loaded as
user corrections. Shown in the lower half of Fig. 10 is a por-
tion of the user correction table that corresponds to the
fourth-order Bessel-Thomson response. This table of magni-
tude and phase corrections was generated directly from trace
math functions that are available in the HP 71501A. The lin-
ear portion of the phase has been corrected to remove the
delay. This allows the trace to remain in the same place
when the corrections are applied. Software filters for the
major SONET/SDH transmission rates are stored on the ROM
memory card. This capability could also be used to develop
an equalizer or tailor a specific response to improve the re-
ceived eye diagram. Thus, the transmitted “equalized” eye
diagram could be simulated and observed before the final
hardware equalization filter is constructed.

User Interface

An application-specific user interface was designed for the
eye diagram analyzer. The goals of the user interface were to
offer turnkey measurements that meet the requirements of
the standards, to be easy to use, and to make the interface
to the pattern generator as transparent as possible. Many of
the specific measurements will be described in the next sec-
tions. One ease-of-use feature is the ability to set the time
base in bit unit intervals, instead of having to recall the clock
period to display the eye diagram. Time delay can also be
set in bit intervals, which makes it convenient to scroll
through the bits that make up the pattern. A menu key, READ
PAT GEN, is used to interrogate the pattern generator. It re-
turns the clock frequency, the pattern length, and the data,
clock, and trigger levels, which are used to set up the display.

The eye diagram application program is written in HP
Instrument BASIC and is downloaded into the host instru-
ment, the HP 70820A microwave transition analyzer module.
The microwave transition analyzer is an extremely flexible,
general-purpose instrument that offers both time-domain and
frequency-domain signal analysis capability.4 This versatile
measurement capability is available simultaneously with the
eye diagram measurement capability, and is simply
accessed through its own menu.

Eye Diagram Measurements

A number of parametric measurements are often performed
on eye diagrams to determine their quality. Some of the
more prevalent measurements include eye opening height,
eye opening width, amplitude of the crossing level, jitter at
the transition point, and the rise and fall times of the bit
transitions. Fig. 11 shows a number of these measurements
made with the HP 71501A eye diagram analyzer on a laser
transmitter operating at 622.08 Mbits/s. The extinction ratio
was determined by taking a vertical histogram of the eye
diagram windowed over one bit interval. An algorithm that
recursively adjusts the limits for subsequent evaluations of
the histogram data converges on the most prevalent logical

f1= 344 ul

Extinction Ratio: 1B, 334 1. 143 of
1 Lewvel (mean,c): 625.28B ol 11.16 uld
B Level (mean,c): 5SB.BAC ol 14777 uld
Eye Height 458.79 ul 86316 &
Crossing Level 353.93 Wi 52.297 %
Eye Width 1.34%28 ns .B35S41 Eit Interwal
Eye Jitter (ol H4.B3E ps .B2743 Eit Interwval
Mean Rise Time BE3.189 ps . 4324E Eit Interwval
Hean Fall Time 7B3.93 ps 43015 Eit Interwval

Fig. 11. Table of eye diagram parametric measurements.
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1 and 0 levels. The peaks of the histogram are used to set
initial limits for the computation of the 1 and 0 levels. The
initial mean and standard deviation (sigma) of the 1 level are
based on histogram data above the relative 50% point of the
peaks. The limits for the next evaluation of the histogram
data are set to the initial mean level plus or minus one
sigma. The new mean and sigma for the 1 level are then
determined. This process iterates several times until the
sigma becomes small and the mean converges on the most
prevalent 1 level. The determination of the most prevalent 0
level is based on the same algorithm, except that the initial
mean and sigma of the 0 level are based on histogram data
below the relative 50% point of the peaks. This algorithm for
determining extinction ratio has been demonstrated to be
more repeatable than merely taking the peaks of the histo-
gram distributions. The other eye parameter measurements
are also based on histograms.

At times, it is convenient to display the trace in optical
power units. This can be easily done with the HP 71501A.
With the responsivity of the optical converter entered as in
Fig. 11, we can easily see using the marker functions that the
laser is putting out about 340 uW of average optical power.
With the responsivity entered, the eye measurements are
displayed in the appropriate optical power units.

To get a good extinction ratio measurement result, it is
especially important to get an accurate determination of the
average power corresponding to the low logic level. It can
be readily shown that a measurement error of a given mag-
nitude has a much greater impact on the value of the low
level than the high level. Because of sensitivity limitations,
accurate measurement of the low level may be difficult.
However, this is an area where the eye filtering capability of
the HP 71501A can make a contribution. When making mea-
surements on high-speed laser transmitters with unamplified
photodiode converters, the resulting detected voltages are
only millivolts in amplitude, making conventional extinction
ratio measurements next to impossible. Yet, with the eye
filter enabled on the HP 71501A, the extinction ratio can be
readily determined.

Mask Measurements

The HP 71501A has a general-purpose mask testing capability
with internally stored default masks for the major SONET/
SDH transmission rates to test compliance with these stan-
dards. These default masks can be autoscaled to the data
according to the specifications in the SONET/SDH standard.
Mask margin testing is also provided. Fig. 12 shows a SONET/
SDH eye diagram mask test performed by the HP 71501A.
Once again, the transmission rate was 622.08 Mbits/s. The
measurement bandwidth was fixed by a hardware filter with
a fourth-order Bessel-Thomson response and a reference
frequency of 466.56 MHz. For this transmission rate, the de-
fault mask consists of a hexagon, M1, in the center of the
eye, and upper and lower limit lines, L2 and L3. The default
mask has been autoscaled to the data. The error count for
each of the mask regions is displayed on the lower portion
of the screen, along with a number corresponding to the total
traces evaluated. The transmitter measurement shown passes
the mask test without any violations. In some instances, it is
useful to determine by how much margin a transmitter passes
the mask test. It is often desirable in production testing to

36 August 1994 Hewlett-Packard Journal

| Mask Margin:
L

B s gH1. 1287 psidiv
Tri=Chi Mi: @ H4: @
HB ml/diwv Le: @ L5: @
1@ ml ref L3: @ LB: 1 Tr: 1215

Fig. 12. Eye mask measurement.

allow some additional guardband to ensure that the transmit-
ter can pass the standard mask. M4, L5, and L6 denote the
margin mask regions, and one can test for errors simulta-
neously in those regions as well as the standard mask re-
gions. As shown, there was a margin mask violation of the
lower limit after 1215 traces had been evaluated. Custom
masks can also be easily constructed for other transmission
systems or to assist in the design and troubleshooting of
laser transmitters.

Error Trace Capture

The jitter in the data transitions is a very important transmis-
sion parameter that has a direct impact on the BER. In many
systems only the random jitter is specified. But in optical
systems, a deterministic component of jitter that is depen-
dent on the optical pattern is often present. Using the eye-
line mode with eye filtering one can observe the peak-to-
peak variations in the crossing points as shown in Fig. 13.

A1=-1B.9446 p= #2= 7.B328E ps Ki2-1)= 37.977Y4 ps

Tri=Chi
ap mY/diw
24d mV ref

Fig. 13. Jitter in data transitions.
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Fig. 14. Error capture of a jittered transition.

To determine if a particular pattern is responsible for the jit-
tered transition, a custom mask can be employed. By dis-
playing several preceding bit intervals and enabling the error
trace capture capability of the HP 71501A, one can observe
in the lower trace of Fig. 14 that the delayed transition
seems to be caused by intersymbol interference from a pre-
ceding 100 pattern. The error trace capture is a unique fea-
ture of the eye diagram analyzer, made possible by the eye-
line display mode and a triggering architecture that allows
data before the trigger point to be viewed.

The error trace capture can be applied to a number of mea-
surements. It can be used to observe the pattern leading up
to a standard default mask violation. Displayed in Fig. 15 are
a transmitter waveform and the associated mask for the
2.48832-Gbit/s transmission rate displayed in the appropriate
bandwidth. The error trace here also seems to be a result of
intersymbol interference.

Summary

High-speed telecommunication standards require that eye
diagram measurements be made on digital transmitters. The
HP 71501A eye diagram analyzer is designed to meet these
measurement needs by performing industry-standard mask
and extinction ratio measurements. It can construct both
conventional eye diagrams and unique eyeline diagrams,
which can be used for bit error analysis.
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Fig. 15. Error capture of a mask violation.
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