































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Pulse Measurement

1.00 V/div 0.00 150ns/div
25 ft 50 ft ft 100 ft
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- Figure 5 - Four pulse plots are superimposed here to show
pulse distortion which is caused by self reflection for cable
lenghts of less than 100 feet. Note how the reflection
component moves along the pulse as the cable gets longer

line at about 0.66 ft/ns, it will reflect from the ter-
mination, reflect from the source, and return to
the termination of a 425 ft cable about 1932 ns
after it was transmitted, just in time to combine
with a pulse transmitted 1296 ns later when it ar-
rives at the load. Depending on the sign of the
reflections, this reflected pulse can be either
added to or subtracted from the pulse arriving two
bit periods later. This is the situation one would
observe when transmitting a one out of two pat-
tern as shown in Figure 4. A one out of 16 pattern
allows plenty of time between each pulse for
reflections to die out of a properly terminated
line, allowing accurate measurement of the trans-
mitted pulse.

CCITT specifications for 1.544 MHz operation
are very similar to North American T1 specifica-
tions in that an isolated pulse is specified and
pulses are measured at the distribution frame.
There are two significant differences for 2.048
MHz operation. First, G.703 specifies that all pul-
ses must meet the template, not just an isolated
pulse, implying that any data pattern is accept-
able. Thankfully, the second difference is that
pulses are measured at transmitter output rather
than after some length of cable, so reflection in-
teraction due to different cable lengths is not a
consideration.

Self Reflections

When making pulse shape measurements on short
line lengths (generally less than 100 feet), pulses
can reflect upon themselves, distorting the pulse
shapes of isolated pulses as shown in Figure 5.
Nonisolated pulses will likely suffer even greater
distortion. Self reflection is unavoidable as long
as impedance mismatches exist. Proper termina-
tion is crucial when measuring pulse shapes for
CCITT G.703 compliance at 2.048 MHz.

Equipment

It is important to understand and identify the
sources of error in measurement equipment and
choose equipment to minimize any error sources.
Since pulses are transformer-coupled to the line,
they are differential in nature, so pulse shape
measurement should be made in a truly differen-
tial manner. Grounding one wire for single ended
measurement can introduce uncertainties due to
transformer nonidealities, and cable characteris-
tics such as distributed capacitance to a ground,
which may be different from the oscilloscope
ground. Consider that in making a single ended
measurement, one wire is referenced to ground
while the other wire is unbalanced.

AN7REV2




The exception is transmission over 75Q coaxial
cable at 2.048 MHz. CCITT G.703 states that the
outer conductor shall be connected to ground at
the output port. Accordingly, measurements of
pulse shape should be made with the outer con-
ductor grounded at the oscilloscope input. A
single oscilloscope channel is sufficient.

Probes and oscilloscope amplifiers with good
balance and high CMRR should be used. Probes,
if used, should have low capacitance so pulse dis-
tortion is minimized. Unmatched 10X probes
may cause significant measurement error due to
relative inaccuracies in the 10X attenuation and
poor CMRR. Also, the CMRR between two chan-
nels of an oscilloscope is rarely specified and is
generally very low.

Eliminating the probes altogether is generally
preferable. In this case, the same type of cable
should be used from the output of the line driver
to the input of the oscilloscope. Ideally the load
for the cable should be placed at the inputs to the
oscilloscope. Some oscilloscopes can be set for
internal 50 Q termination at the inputs. Alterna-
tively, a 50 Q termination can be connected to
both oscilloscope inputs. Providing 50 Q termina-
tion from each wire to ground is analogous to
connecting 100 Q across the two wires, but has
the distinct advantage of providing both oscillo-
scope inputs with signals referenced to the same
point rather than having the inputs floating with
respect to one another. The 50 Q resistors should
be equal in resistance. Fifty ohm terminating
plugs work well and are readily available.

For compliance with CCITT G.703, use 602 ter-
minations from both channels to ground when
evaluating equipment designed for 120Q shielded
twisted pair, and a 75Q termination resistor from
oscilloscope input to oscilloscope ground for
equipment using 75Q coax. With a little imagina-
tion, these terminations can be easily created and
attached to the oscilloscope inputs.

Pulse Measurement

Some specifications such as AT&T Publication
43801 call for a 100 Q resistor connected across
TIP and RING. If this setup must be rigidly fol-
lowed, use either matched differential probes, or
the shortest leads possible between the load and
the oscilloscope. It may be necessary to use two
50 Q resistors in series so the oscilloscope can be
grounded to a reference point relative to the line
so it can trigger. (This is the same as 50 Q ter-
minators.) These resistors must be accurately
matched.

Digital oscilloscopes offer some features such as
plotting, amplitude scaling and time and
amplitude measurement which makes their use
desirable when evaluating pulse shapes.
However, be advised that digital oscilloscopes
have inherent inaccuracies in the analog to digital
conversion and in the sampling process. Most
high frequency digital oscilloscopes use either 6-
bit or 8-bit A-to-D converters. A six-bit ADC
divides a full scale input into only 64 parts, so the
quantization error is significant. Any gain error or
offset error in the converter, in either channel or
between the two channels, will result in
amplitude error and distortion of the actual pulse
shape. Calibration of a digital oscilloscope is es-
sential to making accurate measurements. Any
noise present on the signal or within the converter
during the conversion process will result in an
error in the conversion. Averaging a fairly large
number of samples will help reduce uncertainties
caused by noise (quantization or external). Such
averaging cannot compensate for ADC non-
linearity errors however.

Sampling uncertainty of digital oscilloscopes
must also be considered. If the oscilloscope is
sampling at 150 MHz, the sample period is
6.7 ns. For pulse width measurements, the worst
case time quantization error is 13.4 ns which can
be significant when measuring 244 ns or 324 ns
wide pulses. Once again, averaging several
samples effectively eliminates any error due to
sampling uncertainty.

11-8
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Digital oscilloscopes are very useful in evaluating
pulse shapes. However, the averaging process
will tend to mask pulse-to-pulse variations that
are undesirable. It is advisable to check the results
on an analog oscilloscope which is in calibration.

A oscilloscope with a delayed triggering feature is
essential. Delayed triggering allows precise
positioning of the isolated pulse on the screen,
and also allows the user to amplify and observe a
small portion of the pulse which may require
greater scrutiny. Delayed triggering also allows
for fairly easy comparison of positive and nega-
tive pulses for verifying that pulse imbalance
requirements are met.

No matter which instruments you have available,
a proper test setup is essential. Three good
measurement techniques are as follows:

1) An active differential probe such as the
Tektronix P6046 allows differential signal
processing at the probe tip with very high CMRR.
Only a single channel on the oscilloscope is re-
quired thus removing CMRR considerations at
that point. This probe offers distinct advantage
when using a digital oscilloscope in that the addi-
tion of the quantization errors of the two channels
is avoided. For both analog and digital oscillo-
scopes channel-to-channel inaccuracy and
imbalance are no longer an issue and CMRR is
‘much better.

2) Use a true differential amplifier with good
common mode rejection such as the Tektronix
7A13. Run the test wire all the way to the diff
amp’s input (avoid using test leads for intercon-
nection) and terminate the line at the inputs with
50Q (60Q for CCITT 120Q shielded twisted
pair). The only probes that should be considered
for use in such measurements are matched probes
with high CMRR like the Tektronics P6055.
When using probes, make sure they are
calibrated.

Pulse Measurement

3) As previously discussed, using a standard two
channel oscilloscope has some disadvantages, but
may be the only method available for pulse shape
measurement. Once again, it is best to run the test
wire all the way to the oscilloscope inputs and
terminate the line at the oscilloscope inputs. (If
probes are necessary, use matched and calibrated
probes.) TIP should be connected to one channel
and RING to the other channel. Invert channel 2
and add it to channel 1. Always set the oscillo-
scope inputs for DC coupling to keep the internal
oscilloscope capacitors out of the circuit. The
amplifiers should always be in the calibrated con-
figuration.

The following figures illustrate pulse measure-
ment techniques and show an example of the
error that can be caused by poor techniques.
Figures 6 and 7 show some DOs and DON’Ts for
measuring pulse shapes. Figure 8 shows the ef-
fects of terminating the line with a floating 100 Q
resistor and measuring the signal across the resis-
tor with unmatched probes.

Pulse ShabeyEyvaluation

The pulse displayed on the oscilloscope must be
checked for amplitude and conformance to the
pulse template. The pulse amplitude is measured
at midpulse. The method for checking for com-
formance with the template depends on the
specification. For CCITT specifications, the pulse
must fit the template with no scaling allowed. For
CB-119, the pulse can be scaled by a linear factor
to fit within the template. Figure 9 shows a pulse
which has been aligned, scaled and plotted from a
digital oscilloscope onto a template.

When evaluating pulse amplitude and template
conformance, be sure to test over the line driver’s
specified operating voltage and temperature ran-
ges. For amplitude measurements, setting the
oscilloscope for 0.5 V/div is best, while 1.0 V/div
is convenient for template matching.

AN7REV2
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What’s Wrong With This Picture?

Test Leads ‘ Probe Leads
(Unknown Impedance) (Unknown Impedance)

- ~ OSCILLOSCOPE
. Data Pattern j Fl CH. 1 )
10101010...

V.

Probe 1Miww
£ CH. 2

/4
1000 X ]| Z"I %1M-L479F
Ground Clips $ T

® Numerous impedance mismatches - reflections galore
- ® Data pattern does not provide an isolated pulse.

® Floating termination - no ground reference for measurement
(but required by 43801)

® Undetermined tail on cable - improper termination

® Are probes precisely 10:1?
Have they been calibrated correctly?

~ Figure 6 - How NOT to measure pulses.

PULSE MEASUREMENT USING TWO CHANNEL OSCILLOSCOPE

® Avoid reflections due to impedance mismatches

- Despite taking precautions, neither end of the cable
will be ideally terminated so watch for reflections from
previous or current pulse

- Use the same type of cable where ever possible

Twisted Pair Cable son OSCILLOSCOPE
Data Pattern /' - - \ CH.1
.-.0001000... E Twisted Pair
Isolated Pulse Cable Test Box OH. 2
Pulse Shaping : Used to select specific ’
Line Driver lengths of cable

@ Oscilloscope should be DC coupled

® High-resolution, digital oscilloscopes are nice because pulses
can be precisely scaled and plotted making evaluation easier

® Test cable terminated at oscilloscope input

Figure 7 - Recommended pulse shape measurement test configuration and guidelines.
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Pulse Measurement

1.00 V/div 0.00

150ns/div

Chan 1-2 [

-
4

i

CS61534 /]

\

350 feet of
cable

\S

. Figure 8 - Mistermination and gain error can have significant ..
effect on pulse amplitude. The larger pulse results from the
_use of probes which are not well matched, otherwise the test
setup for both pulses shown is identical.

Creation of the pulse template against which the
displayed pulse is to be evaluated is worthy of
consideration. It is important that the template
have the correct proportions so that the pulse may
be accurately evaluated. In some cases, the
template must be created to an absolute scale so it
can overlay the pulse or have the pulse plotted
over it. Reproduction of the pulse template is
very tricky since copiers tend to distort the
original. A first generation photocopy can have
enough distortion to render the copied template
useless. Only through painstaking effort can a
useful copy be produced (and if this method is
used, make an abundant number of copies once
the copied template is accurate).

To evaluate a pulse displayed on the
oscilloscope’s CRT, create a template which is
scaled to the oscilloscope grid on a transparency,
align the template to the grid and afix the
template to the ‘CRT. Center the pulse in the
template. Scaling the pulse by adjusting the
amplifier gain is only possible when using a
single channel oscilloscope, a differential
amplifier, or a digital oscilloscope. When using a
two channel oscilloscope, method three, do not
use the amplifier’s gain adjustment (uncalibrated)
to adjust the pulse amplitude to match the
template. Adjusting one channel only results in a
nonlinear change in the pulse. Additional
templates scaled to larger and smaller amplitudes
are required.

150ns/div

1

7

\

\

0.95 V/div 0.00
Chan 1-2
CS61574 //
400 feet of
cable

N~

Figure 9 - Plot of a properly terminated, isolated pulse from
- a CS61574. Note that the amplitude scaling feature of the -
dlgltal scope was used to boost the pulse amphtude and
center the pulse in the template
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Pulse Measurement

Once everything is satisfactorily aligned, take a
picture. It is much easier to describe, complain
about or compare pulse shapes on hard copies. A
hard copy also provides a permanent record for
future reference.

Most digital oscilloscopes have the capability to
transfer the image displayed on their screen to a
plotter. There are three basic methods of plotting
available. The most sophisticated method allows
entry of the template parameters to the system so
the template is plotted to the appropnate scale
along with the pulse.

A second method offered by some systems, al-
lows the operator to align the oscilloscopes plot
dimensions to an independently created grid. This
method allows the user to create the template to a
convenient scale. Using the plotter, the corner
points of the oscilloscope’s grid are physically
aligned with the corner points of the grid on the
plotter paper. The plotter then scales the plot of
the oscilloscope’s grid to fit the grid on to plotter
paper. This technique is especially good when
using photo copies of an original grid and
template. Since the plot is scaled to fit, copier dis-
tortion is irrelevant.

The third method involves generating a template
for a plotter without a scaling feature. The
template must be created to exactly the same size
as the plotter’s rendition of the oscilloscope grid,
and positioned on the plotter paper at precisely
the point at which the oscilloscope’s display is
plotted. The biggest problem here is creating a
sufficiently large number of blank templates
which are the right size and in the right place so
they will line up with the plot. The alternative is
to generate a single template on a transparency to
overlay the plots, but this approach makes it dif-
ficult to evaluate a large number of plots.

An especially nice feature of digital oscilloscopes
is the gain scaling which allows the user to linear-
ly scale the pulse either up or down to fit a fixed
template. For instance, if the pulse is a little short,

the gain may be set for 0.95 V/div, thereby
making the pulse a little taller. The horizontal and
vertical settings are usually plotted along with the
trace, so these settings are recorded as well. Take
care to maintain the time scale to a fixed value
which corresponds with the template. Pulse width
scaling is not allowed.

A note about the CB-119 pulse template: the min-
imum pulse width allowed is 300 ns, the
maximum is 400 ns. If the pulse width is based
on a 50% duty cycle of a 1.544 MHz clock, the
pulse width will be 324 ns. This allows only
12 ns of margin to either side of the template’s
minimum curve. When compared to the template,
the pulse will look narrow, but it is really all
right. (Presumably, the minimum allowable pulse
width is kept wide to help maximize receiver jit-
ter tolerance.) The opposite situation exists for
CCITT G.703 pulse width specifications which
range from 194 ns to 269 ns. A 50% duty cycle
pulse, 244 ns, is a little on the wide side.

Positive/Negative Imbalance and Power Levels

Pulse imbalance and signal power level measure-
ment are both intended to ensure that there is no
significant DC offset at the termination of the
line. Since positive to negative pulse imbalance
can result in more power at 1.544 MHz relative to
the power at 772 kHz of an all ones signal, meet-
ing the power level specifications also means
pulse imbalance is satisfied.

An oscilloscope can be used for checking pulse
imbalance between the positive and negative pul-
ses. CB-119 calls for less than 0.5 dB difference
between the power of positive and negative pul-
ses. Power is roughly the product of the square of
the pulse height and pulse width, so both must be
investigated. There should be less than 200 mV
difference in amplitude of otherwise identical
positive and negative pulses. Variation in the
widths of positive and negative pulses of only a
few nanoseconds will also result in some pulse
ime:. .ance. One good method for comparing posi-

11-12
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Pulse Measurement

tive and negative pulses is through the use of a
digital oscilloscope which is capable of integrat-
ing the area of a pulse; this makes for
straightforward comparison of the positive and
negative pulses.

Measurement of power levels in an all ones pat-
tern is best accomplished with a specialized
instrument such as the Hewlett Packard 3586B
(HP 3586A for CCITT). This instrument can
measure the power in a 2 kHz band at both
772 kHz and 1.544 MHz as required by CB-119.
The power in the 2 kHz band at 772 kHz must be
between 12.4 dBm and 18.0 dBm, and at least
29 dBm greater than the power in a 2 kHz band at
1.544 MHz . CCITT 1.544MHz specs require the
power in a 3 kHz band at 772 kHz be between
12.0 dBm and 19.0 dBm and at least 25 dBm
greater than the power in a 3 kHz band at
1.544 MHz. CCITT PCM-30 specs allow 5%
variation in the heights and widths of positive and
negative pulses. When using this instrument, take
care to terminate the line driver properly. The
input impedance of the HP 3586 is selectable but
100 Q input impedance is not offered. A
HP 15508B converter will provide a 110 Q
balanced termination for the line and 75 Q un-
balanced impedance for the input of the
instrument.

Alternatively, power levels can be measured
using a spectrum analyzer. An estimation of the
power at 772 kHz can be made by selection of the
appropriate resolution bandwidth of the spectrum
analyzer. As long as the power at 772 kHz meets
the specification with reasonable guardband, and
the difference in amplitudes of the power at
772 kHz and 1.544 MHz is several dB in excess
of the spec, precision measurements are probably
unnecessary.

AN7REV2
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Semiconductor Corporation

62411 Test Methods

Application Note

Jitter Testing Procedures

for Compliance with AT&T 62411

By Roger Taylor and Bob Bridge

Introduction: This application note gives
guidelines for measuring whether a design is
compliant with AT&T 62411 jitter tolerance and
attenuation requirements. 62411 compliance is a
necessary requirement for CPE (Customer
Premises Equipment) which is connected to T1
lines provided by AT&T. These T1 lines may be
either private-line or central-office access lines.
62411 may not apply to equipment sold to tele-
phone companies, equipment used within a cam-
pus environment or equipment used to access an
alternative long-distance carrier (e.g., MCI, US
Sprint, etc.).

Jitter testing can be performed using the follow-
ing test equipment:

1) Jitter Generator/Receiver: e.g., Hewlett
Packard 3785B

2)"2%0.1 QRTS (Quasi-Random Test Se-
quence) with 1-in-15" Pattern Generator and
Receiver

3) Spectrum Analyzer

Similar equipment is available from a number of
vendors including: Tekelec, Tektronix, HP,
Telecommunications Techniques Corp, Navtel,
Network Communications Corp, Phoenix
Microsystems and Atlantic Research. For per-
forming jitter tolerance tests, it is very useful to
have the capability to create user generated pat-

terns, in addition to the standard patterns, as will
be explained later in this document.

Some of these units are integrated pattern gener-
ator/receivers and jitter generator/receivers.
However, the HP 3875B is the most powerful and
most flexible jitter test set available, in part be-
cause it uses analog jitter generation and
demodulation. :

Jitter Tolerance Measurements: The basic test
setup is shown in Figure 1. A jittered clock is
created by the HP 3785 and then used to clock the
Pattern Generator. The Pattern Generator con-
nects to the T1 trunk card using a twisted pair
cable. The signal is routed through the T1 trunk
card and synchronizer and back through the trunk
card to the Pattern Receiver. The Pattern Receiver
is then used to measure bit errors. The jitter
tolerance of a receiver will vary with the width of
the AMI pulses. It is very important that the pat-
tern generators used have consistent pulse widths.
(The pulses should meet DSX-1 type pulse re-
quirements as identified in CB-119.)

The jitter frequencies typically checked are: 3, 10,
30, 100, 1k, 2k, 4k, 8k, 16k, 32k, 64k and 100k
Hertz. The normal procedure is to select a jitter
frequency, and then increase (or decrease) the jit-
ter amplitude until you observe the boundary be-
tween no-bit-errors and bit-errors.

AN11REV3

11-15



y 4 Y17 2 4 /4
| 4 J w [
2772 4 &N/l / 4

62411 TEST METHODS

Pattern Generator
and Receiver

Pattern Generator
and Receiver

AMI £_,|Clock  apmy NRZ Clock
Data In In DataOut Dataln In

Clock AMI
In Data Out
Clock Output
HP 3785 Jitter Generator & 12
Receiver

42 OR £2

Notes:

T1 Receiver T1 Transmitter

T1 Trunk Card

T1 ReceiverRecovered Recovered
L Dat’a CIo;:k

T1 Trunk Card

1) Jittered Clock is generated by HP 3785

System Under Test

2) QRTS generated by pattern generator
3) System placed in remote loopback

Synchronizer

Alternative test configuration for
measuring jitter tolerance of

4) Pattern receiver checks for bit errors

System Under Test

system which may exceed the
jitter tolerance of the AMI pattern

receiver.

Figure 1 - Test Setup for Jitter Tolerance Measurements

It is important to determine how much the system
exceeds the minimum 62411 jitter tolerance re-
quirements since the later attenuation tests are
made with three-quarters of the observed
tolerance of the system. Larger tolerance levels
have the benefit of raising the floor on the accept-
able output jitter level during the attenuation
tests.

AT&T 62411 testing calls for measuring jitter
tolerance using a QRTS data pattern, which is
representative of live traffic on the network. But
the key to guaranteeing jitter tolerance is to test
receiver performance using a data pattern which
is representative of the worst case conditions
within the QRTS pattern. The most stressful jitter
case for a receiver occurs when the maximum
deviation from the ideal arrival time occurs be-
tween two ones which are separated by a string of
zeros. For example, two ones separated by seven
zeros can have maximum deviation from ideal ar-
rival time at a jitter frequency of 96,500Hz.
(Maximum phase deviation occurs in 1/2 of a jit-
ter period; eight bit periods take 5181.4ns.) Still,
this maximum jitter hit is dependant on the

relationship of the phase of the jitter with respect
to the occurence of the string of zeros.

To truely measure jitter tolerance, one must
guarantee that the maximum phase deviation be-
tween two consecutive ones separated by zeros
will occur (assuming that the maximum allowable
consecutive zeros is not exceeded). When using a
quasi-random data pattern, it is unlikely that the
jittered clock and the zero string in the data pat-
tern will align to produce a maximum phase hit
between successive ones unless the condition is
tested for a long time. To guarantee 0.4 UI of jit-
ter tolerance at jitter frequencies above 50 kHz, it
is best to use a short pattern with repeating strings
of 7 to 14 zeros to significantly increase the
likelihood of a maximum jitter hit. Tests at Crys-
tal Semiconductor have shown that repeating a
data pattern similiar to:

AA AA AA AA 3333 3333333333030003
00 03 hex

gives good correlation to the QRTS pattern. This
pattern is considerably shorter than QRTS (which
is 220 - 1 bits long) so the strings of fourteen

11-16
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zeros occur often enough for a robust test of jitter
tolerance at 51.4 kHz (the worst case jitter fre-
quency for ones separated by 14 zeros). In addi-
tion, this pattern has sections of 50% ones, to
avoid placing undue strain on the clock recovery
circuit. This pattern can be modified or extended
for testing different zero strings at different fre-
quencies.

The maximum jitter frequency at which the HP
3785B operates is 77kHz, however 62411
specifies jitter performance to 100kHz. Generally,
the jitter tolerance performance of a receiver will
have flattened out by 77kHz, so one can assume
that if the jitter tolerance curve has flattened out,
and if it passes a difficult data pattern such as 2 in
16 at 77kHz, that it will also pass at 100kHz.
Hewlett Packard does make a CCITT version of
the 3785B - the 3785A which can produce jitter
to beyond 100kHz and is available with a T1 op-
tion.

Spectrum Analyzer
Input

I

62411 TEST METHODS

A word of caution: not all pattern generators have
as much jitter tolerance as they can produce. A
pattern generator’s receiver which is looking for
bit errors in a retransmitted (looped back) signal
which has not been jitter attenuated may itself
make errors in data recovery leading the tester to
falsely believe that the equipment being tested is
making errors. Many pattern generators have a
provision for accepting recovered clock and NRZ
data. A test configuration such as shown on the
right hand side of Figure 1 is highly recom-
mended for measuring jitter tolerance of equip-
ment which does not provide jitter attenuation.

Output Jitter Measurements: The basic test
setup is shown in Figure 2. The measurement
looks at jitter in specific frequency bands:

1) broadband; 0.05 UlI,

2) using 10 Hz to 40 kHz filter; 0.025 U,

3) using 8 kHz to 40 kHz filter; 0.025 UI, and
4) using 10 Hz to 8 kHz filter; 0.020 Ul

Demod Jitter (on back panel)
HP 3785 Jitter Generator &

Pattern Generator
and Receiver

Receiver
Data In Data Out
2 A2 Notes:
1) Jitter-free QRTS is generated
T1 Transmitter T1 Receiver by pattern generator
T1 Trunk Card 2) System is placed in remote
All Ones loopback

Synchronizer

3) HP 3785 demodulates jitter
and provides some filters

System Under Test

4) Spectrum analyzer may be used
to obtain jitter spectrum

Note: Measurement is much more accurate if All Ones are transmitted to the HP 3785 using the recovered clock.

Figure 2 - Test Setup for Qutput (Added) Jitter Measurements

AN11REV3
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The first three of the frequency bands are selected
using the filters available on the front panel of the
HP 3785B. The output jitter levels are measured
using the Received Jitter meter on the HP 3785B.
For these measurements, the HP 3785B should be
set to its "1" range which is its most sensitive
scale. It is important to note that the HP 3785B’s
published accuracy is 4% + (<0.035 UI) for
input data patterns, and 4% + (<0.025 UI) for
input clocks.

Because the published accuracy of the instrument
is not sufficient to measure to the small jitter
levels required, it is advisable to do some sanity
checks. Have the jitter receiver measure the jitter
from the jitter free pattern generator. This will
provide a "feel" for the HP 3785’s measurement
floor. It may be appropriate to subtract this result
from subsequent measurements.

Furthermore, using an all ones data pattern will
improve the instruments accuracy slightly (ap-
proaching that for input clocks). If the system
under test has a transmit all ones capability, select
this function for testing transmitted jitter. The
transmit clock used in this case should be same as
for normal operation or remote loopback.

Observing the DEMOD JITTER output (available
from the back of the HP 3785) on a spectrum
analyzer may also prove enlightening. While the
sum of the jitter over a frequency band is not
readily available, one can observe the jitter
spectrum of the demodulated signal, look for jit-
ter spikes rising out of the noise floor, and most
importantly, compare the spectrum of the jitter
free pattern’s source to the transmitter’s output,
watching for artifacts that may be present in the
source or created by the HP 3785 itself.

The HP 3785 does not have internal filters for
measuring jitter from 10 Hz to 8 kHz, so measur-
ing jitter in this band requires additional work.
Obviously, if the jitter from 10 Hz to 40 kHz is
less than 0.020 U, so is the jitter from 10 Hz to 8
kHz. Jitter in the 10 Hz to 8 kHz band can be

62411 TEST METHODS

mathematically approximated by measuring the
jitter in the band from 10 Hz to 40 kHz and jitter
and the band from 8 kHz to 40 kHz by using the
following formula:

b= c2—a2

where b = jitter from 10 Hz to 8 kHz
¢ = jitter from 10 Hz to 40 kHz
a = jitter from 8 kHz to 40 kHz.

(Jitter in different bands will ‘add as the sum of
the squares.)

The most rigorous method is to build a band-pass
filter which rolls off at 6dB / octave below 10 Hz
and above 8 kHz. This filter is placed between the
Demodulated Jitter Output and Measurement
Input (both on the rear panel) of the HP 3785.

Jitter Transfer Function Measurements: The
basic test setup is shown in Figure 3. The HP
3785 generates jitter at selected frequencies (the
same frequencies at which jitter tolerance was
measured, up to 32 kHz). The jitter amplitude that
is input to the system should be one-half of the
system’s jitter tolerance.

Jitter attenuation is determined by comparing the
amount of jitter in the signal output from the pat-
tern generator (configuration "a") to the amount
of jitter contained in the looped-back signal from
the system under test (configuration "b"). The
amount of jitter output from the jitter generator at
each frequency should be 3/4 the receiver’s jitter
tolerance at that frequency. The range scale used
on the HP 3785 jitter receiver should be the same
for both measurements.

When the input jitter is large (> 1 UI) and the
output jitter from the system under test is greater
than about 0.1 UI, the value shown on the
Received Jitter display is sufficiently accurate.
When the received jitter gets small (< 0.1 UI), it
becomes necessary to use a spectrum analyzer to
determine the jitter attenuation.
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Spectrum Analyzer
Input

Demod Jitter (on back panel)
HP 3785 Jitter Generator &

Receiver
Data In Clock Out
b| ia Clock In
Pattern Generator
Data Out
2 Notes:
2 1) HP3785 creates jittered clock
1 b 2) Jittered QRTS generated by
T1 Transmitter T1 Receiver pattern generator
T1 Trunk Card 3a)Pattern gen.erator output connected
to HP 3785 input
3b) Pattern generator output connected
Synchronizer to T1 receiver. System placed in
remote loopback. System’s transmitter
System Under Test output connected to HP 3785 input
4) HP3785 demodulates jitter,

5) Spectrum analyzer used to
measure jitter amplitude (dBm)

Figure 3 - Measuring Input and Output Jitter Amplitudes
RN 125> 32 000, 00Hz

AC*) ISR ~?6.38d8Bm 18dB/ ~33.00d48
B<(=>IB -7.68dBm 18dB/ -355.dd8

CF .32 000.00Hz SPAN: 1 000. 00Nz
oUT(B>. 6.08dBm B 15.0sec iMa
IRG: 8dBn RBU:30Hz UBU: 30Hz

Figure 4 - Spectrum analyzer photograph showing 68.7dB of jitter attenuation at 32kHz.
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A spectrum analyzer must be used for two
reasons. First, the accuracy of the jitter receiver is
only + 4% + (< 0.035 UI); second, the value dis-
played by the jitter receiver is representative of
the jitter over the selected bandwidth, not the jit-
ter at the frequency being tested. Figure 4 shows
a spectrum analysis display representing jitter at-
tenuation. The upper curve shows the demodu-
lated jitter present in the AMI data pattern output
from the pattern generator. The lower curve
shows the demodulated jitter present in the signal
from the system under test. The attenuation is the
difference in the amplitude of the two curves at
the frequency of interest (shown at the top/center
of the display).

It is wise to observe the output clock of the jitter
attenuator in the time domain using an oscillo-
scope. This can be done by triggering the oscillo-
scope with the jitter free clock source, and ob-
serving edges of the jitter attenuated clock in the
Ins to 5ns time domain. Observations on a
spectrum analyzer focus only on a narrow
bandwidth. Anomalies created by the jitter at-
tenuator that may appear at other frequencies
would go unnoticed on the spectrum analyzer but
the oscilloscope might indicate that more jitter is
present. For example if input jitter of 0.3 U is at-
tenuated by 60dB, the output jitter should be
0.003 UI, which corresponds to about 2ns of time
domain jitter. If the oscilloscope indicates some-
thing different, further investigation is warranted.

Additional Considerations: When testing for
compliance to 62411 it is often a good idea to ex-
pand the scope of some. of the tests slightly to
look for anomalous behavior of the system under
test, and evaluate the robustness of the system’s
design. Here are some suggestions: Evaluate the
system’s performance as power supply and
temperature are varied. ICs using external com-
ponents (inductors, capacitors, and quartz crys-
tals) may be particularly susceptable to tempera—
ture or supply variations.

It is prudent to check performance over the T1
frequency range allowed by the system. AT&T
62411 specifies a frequency tolerance of +75Hz
(150 ppm). Some circuits will have sensitivity to
frequency, and that sensitivity might be amplified
by variations in temperature or supply. Verify
that the frequency tolerance of the receiver ex-
ceeds 50 ppm, and check for anomalous be-
havior of the jitter attenuator as the T1 frequency
is varied.

Testing for frequency dependance generally re-
quires a frequency source which can be set to
within a few Hertz of a desired frequency. The
HP 3780A Pattern Generator / Error Detector has
an option which allows the user to adjust the out-
put clock frequency with great accuracy to fre-
quencies within 50ppm of 1.544MHz. This clock
can be used to externally clock a jitter generator,
another pattern generator, or to simply vary the
frequency at which the HP 3780A outputs a data
pattern.

Verify that the receiver will readily acquire lock

on to a data stream which is presented while the
receiver is in a "loss of signal” state. This test will
show how well the receiver locks on to a T1 sig-

nal when it is first input, or recovers from

momentary interruption in the signal. Also see if
the receiver will false lock when initially
presented with a data pattern with low ones den-
sity such as a 1 of 8 or 1 of 16 pattern. A good
design should immediately lock on to any valid
input signal, even one with low ones density.

For loop-timed applications, it may also be im-
portant to evaluate the receiver’s loss-of-signal,
LOS, response. Check the receive circuit’s LOS
criteria: how many consecutive zeros, or how

~much pulse amplitude decay before LOS is
.declared? More importantly, test the circuit’s

recovered clock output. The recovered clock
should smoothly transition to a reference clock
when LOS is declared to ensure that no anomalies
propagate to the system’s backplane timing.
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Semiconductor Corporation

62411 Design Issues

Application Note

AT&T 62411 Design Considerations -
Jitter and Synchronization

By Bob Bridge and Greg Stearman

INTRODUCTION

This application note outlines the technical re-
quirements which must be considered when
designing a system to meet the AT&T 62411
synchronization and jitter requirements. The first
section discusses how the digital network is
synchronized. This section is followed by a dis-
cussion of the jitter/synchronization requirements
for trunk cards and system clocks.

AT&T 62411 is the network interface specifica-
tion which should be adhered to at the point of
demarcation between the AT&T network and the
customer premises location. It applies when con-
necting CPE (Customer Premises Equipment) to
an AT&T 1.544 MHz access line or private line.
Note that 62411 does not usually apply to equip-
ment sold to telephone companies, equipment
used internally to a campus environment or
equipment used to access an alternative long-dis-
tance carrier (e.g., MCIL, US Sprint, etc.).

AT&T 62411 has gone through numerous
revisions (1983, 1985 and 1988) with the most
recent version published in 1990.

SYNCHRONIZATION OF DIGITAL
NETWORKS

The digital telephone network is synchronous.
"Synchronous" implies that all T1 systems in the
network are designed to operate at exactly the
same average frequency (1.544 MHz =+ 0 ppm).
Synchronous operation is required so bits of in-
formation are not dropped as data is transfered
between the various sinks and sources in the net-
work. Imagine the problem that would occur in
the codec of a digital telephone set if the codec
were required to perform its A/D conversions and
D/A conversions at different clock rates.

Synchronization is achieved via the hierarchical
distribution of a Stratum 1 clock (Figure 1). Each
carrier has one or more Stratum 1 clocks. The fre-
quency of this master clock is distributed via
various transmission media (optical cable,
microwave radio and satellite) through a hierar-
chy of switching systems (toll, tandem and
central-office switches) until it finally reaches the
CPE. The CPE typically recovers the frequency
of the incoming T1 line, and uses that frequency
as the basis for its system clock and for
retransmitting back toward the network. Typical-
ly, the network switching systems have Stratum 2

Crystal Semiconductor Corporation
P.O. Box 17847, Austin, TX 78760
(512) 445-7222 FAX:(512) 445-7581
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and 3 clocks, and the customer system has
Stratum 3 or 4 clocks. This overall timing plan is
defined in ANSI T1.101-1987, Synchronization
Interface Standard for Digital Networks.

The engineering of a network needs to ensure that

the network will remain locked to a Stratum 1

frequency even upon the failure of one or more

trunks that relay the timing information.

One or more atomic clc_>ﬁ<s, per
Clock carrier. Accuracy: 1*10

l T1 trunk Located in toll/tandem switches.
Stratum 2 Frequency locked to Stratum 1.
Upon loss of reference, will drift at
maximum of 1*10™"° per day.
1 T1 trunk o
Located in Central Office or
customer system. Locked to
Clock Stratum 2. With no reference
1 T1 trunk can have 255 frame slips/day max.
. Located in customer system.
S"g}:g‘( 4 Upon loss of reference, clock

must have 32 ppm accuracy.

Figure 1 - Digital Timing Hierarchy

NORMAL OPERATION

Central office
1 Access

SWITCH TO SECONDARY

~ Central office
1 Access

Figure 2 shows how a Stratum 1 traceable timing
reference is passed through the T1 trunks of a
private network. Upon failure of a trunk, a secon-
dary path is used. Upon selection of an inap-
propriate secondary reference, an isolated timing
island (with no master clock source) is created.

‘Figure 3 shows a typicalbsystem configuration

where more than one trunk is used to input a
traceable timing source into the system. Upon the
failure of the primary timing source, a switch is
made to a backup timing source. In the rare event
that all timing sources fail, the system depends
upon the ability of the synchronizer to free-run
near the desired frequency.

To prevent chatter, it is important that there be
hysteresis in the switch between reference sour-
ces. A switch should not be repeated any sooner
than 10 seconds after the last switch, and only if
one of the following conditions exists:
1) Phase hit of 1000 ns with phase

slope £6.1 x 103
2) Loss of signal (all zeros) for 0.10 seconds
3) 107 BER for = 2.5 seconds
4) Excessive Input Jitter amplitude (Figure 8).

IMPROPER SWITCH

Central office

Private
network
using
leased -

1 Access

T1 lines

island

Stratum 1 tracable timing reference is transfered on trunks shown with bold lines.

Figure 2 - Multiple Paths to Stratum 1 Clock
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Clock

_| | Recovery Primary

2 T1 Lines (PLL) Clock Stratum 2, 3 or 4 System
From MUX Clock M Clock
Network Clock Secondary (Phase Locked Loop)

171 Recovery Clock

(PLL) System Synchronizer Card
Trunk Cards

Clock !
Rk ey | rininn iy
Recovery Clock Clock

Figure 3 - Multiple Timing Sources Feeding a System Synchronizer

Synchronization plans for private networks can Stratum 1 traceable source from AT&T via Bell
become, in practice, quite complicated. Figure 4 South. The PBX in Long Beach uses this AT&T
shows a multi-state private network with connec- timing to talk to Europe and to GTE of Califor-
tions to multiple inter-exchange carriers, multiple nia.

local-exchange carriers and an international car-

rier. Also note that Bell South has trunks to three CPE falls into one of two categories from a
inter-exchange carriers. In this example, the PBX synchronization point of view. The CPE can
in Atlanta can be the timing source for the private either relay incoming timing to another
lines to Long Beach. The Atlanta PBX gets its downstream system, or it can terminate the timing

T3
M13 M13
R 2.048 MHz
AT&T MCI Sprint AT&T Network Satelite
Link to
T3 Europe
M13 M13
Bell South MCI Network GTE of California
Central Office Central Office
and/or DCS 0/1 T1 Private Lines and/or DCS 0/1
(Stratum 2 or 3) (Stratum 2 or 3)
T1 access to CO
(POTS, DS-0
special services)
PBX or PBX or
T1 Mux T1 Mux
ATLANTA LONG BEACH

Figure 4 - Example of Private Network
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chain. When a system terminates timing, failure
of the system does not affect the timing of any
downstream systems. This situation is refered to
as loop timing.

A system synchronizer must meet a variety of re-
quirements, including selecting a timing reference
source to use, maintaining lock to that reference
clock, tolerating impairments on the timing
reference, attenuating jitter, and free-running at a
specified frequency accuracy when all references
are lost.

These requirements differ between systems that
relay (or transfer) timing (Stratum 4 Type I,
Stratum 3 or Stratum 2) and loop-timed systems
(Stratum 4 Type II) that don’t relay timing. In
particular, in systems which relay timing, the
maximum rate of change of the system
synchronizer frequency must be limited (see
definition of Maximum Time Interval Error in
ANSI T1.101). Controlling the rate of change is
important because if the synchronizer oscillates
(i.e., overshoots then undershoots the target fre-
quency) while acquiring lock or during degraded
timing reference conditions, that frequency devia-
tion can be relayed through all successive
downstream systems.

An overview of Stratum requirements are given
below:

Stratum 2: This is the highest performance level
available to CPE, and is rarely used (except in
very sophisticated CPE). The clock must have a
free-running accuracy of 1,544,000 + 0.025 Hz.
Redundancy is required so the synchronizer must
be duplicated. The external reference clock must
be Stratum 1 or 2 since the pull-in range of the
synchronizer is only + 0.05 Hz.

Stratum 3: Stratum three clocks must also be
duplicated, and are required to have free-running
accuracy of 1,544,000 + 7.1 Hz. This results in a
frame-slip rate (while free running) of <255
frame slips in the first 24 hours. The external

62411 DESIGN ISSUES

reference clock must be a Stratum 3 or better
clock, since the pull in range is only * 15 Hz.

Stratum 4 (Type I): This is normally the stratum
level chosen for multi-T1 line CPE. Free-running
frequency requirements are 1,544,000 + 50 Hz,
and the pull-in range is + 100 Hz Additional pull-
in range is recommended, since older equipment
in the telephone company buildings are allowed
to have output frequency variations of T1 * 130
ppm (£ 200 Hz). Type I does not require redun-
dant clock hardware. However, just like Stratum
2 and 3 clocks, the Type I clock must gracefully
handle rearrangements. "Gracefully" means that
the rearrangements must not result in abrupt
phase discontinuities in the output clock. Ex-
amples of rearrangements are:

1) a switching of timing reference (for example
from T1 card "n" to card "n+1"),

2) automatic protection switch to a redundant
synchronizer card, or

3) any change in clock mode

Stratum 4 (Type II): This is the lowest grade
clock available, and normally would be used only
in small systems (such as a single-T1 line sys-
tem). Type II synchronizers cannot be used if the
system transfers timing to a downstream system.
The synchronizer clock output is required only
during successful loop-timing. When loop-timing
fails, the system no longer is required to transmit
toward the network. There is no requirement on
the synchronizer’s free-running frequency. Nor is
there any requirement to handle rearrangements.
During loop-timing the frequency of the clock
must be 1,544,000 £ 50 Hz. The pull-in range is
1,544,000 + 100 Hz. '

JITTER IN SYNCHRONOUS NETWORKS

Although the frequency of the T1 signal is well
controlled (32 ppm), the signal itself can contain
significant amount of jitter. Jitter is defined as a
short-term variations in the position in time of a
signal (or bit) from its ideal position. In other
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words, the bit could arrive at a receiver slightly
sooner or later than expected. Jitter can cause bit
errors or other impairments to occur. When jitter
occurs at a 10 Hz or lower rate, it is arbitrarily
defined as wander. Jitter and wander can be
simultaneously present. Figure 5 shows high-fre-
quency jitter superimposed upon low-frequency
wander.

Due to the characteristics of the phase-lock loop
technology used in trunk cards and system
synchronizers, jitter can be more readily filtered
than can wander (Figure 6). Normally, most
wander which is input on a timing reference
source will be relayed to all downstream systems.

A primary source of wander is frequency in-
stability in a system synchronizer during a switch
between timing reference sources. Why does the
synchronizer need to switch between timing sour-
ces? One major source of errors is upstream clock
rearrangement (typically two per day will reach
Stratum 4 nodes). While acquiring lock to the
new source, wander can be created and sent to all

the downstream timing sources. Stratum 2 clocks
can take hours/minutes to reacquire lock after a
switch. Stratum 4 clocks take seconds to reac-
quire lock. This wander can be amplified by each
of the downstream synchronizers, causing an
ever-larger wave-of-wander to spread out through
the network.

0
GAIN
(dB)
-60
FREQUENCY
Jitter Jitter
Tracking Atteunation

Figure 6 - Jitter Transfer of PLLs

50
\ n «—— High frequency

40 M L A jitter superimposed
= upon low frequency
E 30 A o n 4 wander
5 n i
N 20
: LA
3 10 A Low
b v v U frequency
- 0 wander I
=
S , V I ! I
£ -10 14 {
P~
K20 l }\J I
w V V
B IR
o -30
w I T ul |
£ 40 U

‘50 T T T T T T T

0 100 200 300 400
TIME

Figure 5 - Jitter Superimposed Upon Wander
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The sources of jitter include data-dependent jitter
introduced by line repeaters, jitter created by
asynchronous multiplexors (such as M13 muxes)
and jitter (phase) hits attributed to transient be-
havior of clock sources or other sudden changes
in transmission facilities. Jitter is not a significant
problem for equipment as long the trunk card and
system synchronizer meets specificed jitter
tolerance requirements.

62411 JITTER REQUIREMENTS

The motivation behind 62411 jitter specifications
is to ensure robust operation of CPE and the net-
work despite the presence of jitter. The CPE is at
the end of a local loop (whose line repeaters can
create jitter) and is far removed from the
network’s Stratum 1 clock. To work robustly,
CPE must be extremely jitter tolerant, and must
remove significant amounts of the jitter received
over the local loop before re-transmitting back
toward the network.

Before one can understand 62411 jitter require-
ments, it is necessary to understand some basic
terminology (Figure 7). 62411 measurements are
made at the NI (Network Interface) which is the
demarcation line between CPE and the AT&T
line. The CSU (Channel Service Unit) can be
either a stand-alone unit (purchased from a CSU
manufacturer), or may be integrated into the T1
trunk cards of the system. AT&T views the CSU
and system as one entity for 62411 testing. Jitter
generated or attenuated by either the CSU or the
system will impact jitter testing at the NI.

From 62411’s point of view, the system has two
critical components, the digital line termination
of the DTE (more commonly referred to as a T1
trunk card), and a synchronizer (or clock recovery
circuit) (more commonly referred to as a system
clock). 62411°s use of the term "clock recovery
circuit" should not cause the designer to think that
62411 is referring to a clock recovery circuit in a
T1 trunk card. Rather the clock recovery circuit
refers to the clock which drives the system and

LEGEND: Clock Lin® e
Data Line

LT1 Trunk Card # n !
1.5644 MHz reference clock input (back up) :
Synchronizer .
(System clock 1.544 MHz reference clock input (primary) .
card) 1.544 MHz transmit clock .
L]
System Clock (e.g., TCLK .
4.096 MHz)
T1 Trunk Card # 1
CS6157x
Speed F TCLK — i |
Conversion R [ Transmitter | csu
A to
Switching
M Receiver network
fame || ¢ | o [T | | e
& Sup:; d R | Attenuator Reg?r;fy T
Conversion
Network
Interface

Figure 7 - Basic Terminology of 62411
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backplane. Typically the synchronizer outputs a

system clock at 4.096 or 8.192 MHz and is phase

locked to one of the incoming T1 lines. The as-
sumption behind 62411 is that the synchronizer is
the source of jitter attenuation. This assumption is
generally appropriate unless the system has a
1.544 MHz backplane or only one T1 line. In this
case the synchronizer may in fact not exist as a
independent sub-circuit in the system, but rather
may be imbedded in the T1 trunk card.

62411 has three types of jitter specifications:
input jitter tolerance (also known as jitter accom-
modation), output jitter generation (also known as
intrinsic jitter or additive jitter), and jitter transfer
function (also known as jitter attenuation). The
requirements for each specification are discussed
below.

All 62411 jitter tests are made with a 220 QRTS
(Quasi-Random Test Signal) modified to ensure
that no more than 14 consecutive zeros are out-

put. The Application Note, "Jitter Testing
Procedures for compliance with AT&T 62411"
gives a tutorial on test procedures.

Input Jitter Tolerance: Jitter tolerance is
specified for both the T1 trunk card and for the
synchronizer. In fact, the tolerance requirements
are more stringent for the synchronizer than the
line card. The more stringent specifications en-
sure that the synchronizer, which is a critical sys-
tem element, is extremely robust. The tolerance
curves are shown in Figure 8.

Tolerance is specified for jitter frequencies from
DC to 100 kHz, and is normally measured at spot
frequencies. At a given frequency, the jitter
amplitude is increased until bit errors are ob-
served.

The jitter tolerance of the synchronizer is relevant
for all loop-timed systems. However, testing of
the synchronizer is indirect since the synchronizer

138
100
28
700 Hz
10 49Hz \1
] 200 Lz \ System “g’,
Jitter Synchronize 2
. 7 J/ o
Magnitude Line Receiver 8
(Unit ; \ g
g
Intervals)
0.4
0.2
0.1
0.1 1 10 100 1k 10k 100k
Jitter Frequency (Hz)
Figure 8 - 1990 AT&T 62411 Jitter Tolerance Requirement
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is not directly observable at the NI, and since the
trunk card is not required to tolerate as much jitter
amplitude as the synchronizer. Rather, the
synchronizer is said to fail if loss of synchroniza-
tion at the NI is observed, or if the system is ob-
served to permanently switch to a back-up (inter-
nally-generated) clock. The switch to a back-up
clock becomes apparent because of a shift to a
new frequency (which may differ from the old
frequency by only a few Hz).

62411 states that jitter (wander) tolerance at low
frequencies can be limited by the size of a buffer.
The required tolerance is one T1 frame (193 bits)
plus hysteresis (138 bits). This model assumes
that a frame buffer is being employed. Frame buf-
fers allow a system to synchronize multiple, in-
coming, asynchronous T1 lines at the bit, channel
and frame levels. Each incoming T1 line is fed
into its own frame buffer (Figure 7). All of the
frame buffers are emptied into the switching
matrix with all frame bits aligned. If two incom-
ing T1 lines have frequency offsets, one frame
buffer will periodically output a frame twice (to
compensate for a low input frequency) or will
drop a frame (never outputing it to compensate
for a high input frequency). This buffer adjust-
ment is referred to as a controlled frame slip.

The 193 + 138 = 331 bit-length requirement ap-
plies to frame buffers making controlled frame
slips. The goal is to have frame slips occur only
as a result of long term frequency offsets, not due
to jitter (wander). However, only 138 bits are re-
quired in a jitter (hysteresis) buffer that does not
perform frame slips. In this case, the FIFO depth
requirements are defined by the buffer length
necessary to tolerate the jitter (wander) without
overflow/underflow. The exact length needed to
meet the requirements of Figure 8 depends upon
the jitter transfer function of the PLL (Figure 6).
The PLL will track jitter at low frequencies, and
requires a FIFO long enough to contain the maxi-
mum input jitter amplitude possible in the jitter
attenuation range.

62411 DESIGN ISSUES

Output Jitter Generation: Output jitter genera-
tion is a measurement of how much jitter is out-
put by the system ‘when no jitter is input to the
system (using ‘a QRTS). The requirements are
measured using band-pass filters to measure jitter
at various frequencies, as shown below:

Filter applied Maximum output jitter
None (Broadband) 0.05 UI peak-peak

10 Hz to 40 kHz 0.025 UI peak-peak

8 kHz to 40 kHz 0.025 UI peak-peak

10 Hz to 8 kHz 0.02 UI peak-peak
Jitter Transfer Function: Jitter transfer

describes the ratio of input jitter and output jitter
at a given jitter frequency using the following
equation:

Transfer Jitter(dB) =
20 log (jitter output/jitter input)

The jitter input and output are measured in peak-
to-peak Uls.

If a system contains a Stratum 4 clock, the jitter
transfer function must meet the requirements of
Figure 9. Figure 9 is irrelevant for systems with
Stratum 2 or 3 clocks. Those clocks will attenuate
jitter to the "output jitter generation" levels
defined in the preceding section.

Since the system synchronizer has its basic fre-
quency locked to the T1 rate of one particular line
card, the attenuation test is at the NI associated
with that particular line card. QRTS input jitter is
applied at spot frequencies in the band 10 Hz to
40 kHz. The input jitter level is three-quarters of
the system’s jitter tolerance. Output jitter is
measured using narrow frequency windows (1 Hz
in 10-100 Hz range, 4 Hz in 100-1000 Hz range
and 10 Hz above 1kHz). Jitter must be between
the two bands, (a) and (b), shown in Figure 9. In
the vicinity of 10 kHz, the output jitter level, after
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0dB
- (a)
-10d8 (b) N\ Not enough
20 dB per decade .
\ attenuation. Poor
-20dB
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much outgoing

-30dB
! \
Too much \

Desired |attenuation level.

jitter.

AN

Jitter Attenuation

-40 dB ,
attenuation. Slow \
50 dB relock time. N\
-60 dB \
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100 1,000 10,000

Sinewave Jitter Frequency (Hz)

Figure 9 - 1990 AT&T 62411 Jitter Transfer Requirement

attenuation, must typically be in the range of
0.001 to 0.002 UlIs (or 0.65 to 1.3 ns).

The curve (b) indicates an attenuation level which
must not be exceeded. Too much attenuation can
be harmful. The negative effects can include in-
creasing the number of frame slips that occur in
the central office, and increasing the time needed
to reacquire lock after a loss of signal condition.

Jitter peaking is not allowed above 10 Hz. Peak-
ing is defined as a higher amplitude of output jit-
ter than input jitter (at any frequency, not just at
the frequency under test). Peaking is especially
undesirable at low frequencies which lie within
the tracking range (and not the attenuation range)
of downstream PLLs. Analog PLLs can easily
have peaking at the "knee" of the jitter transfer
curve (just before attenuation starts).

In digitally controlled PLLs, another
phenomenon, jitter aliasing, can often be ob-
served. With jitter aliasing, jitter which appears at
one frequency is attenuated and shifted to another

frequency.  Jitter aliasing is especially un-
desirable when the frequency is shifted down to
the tracking range of the downstream PLLs. The
1990 version of 62411 has added language to ad-
dress aliasing, requiring that broadband jitter in
the 10 Hz to 300 Hz range should be attenuated
by -25 dB (measured using an 10 kHz to 40 kHz
filter), and by -35 dB (measured using an 8 kHz
to 40 kHz filter).

T1 TRUNK CARD DESIGN
CONSIDERATIONS

A number of architectural choices face the trunk
card designer. One is whether to integrate the
CSU onto the trunk card. The application note,
"T1 Long-Haul Physical Layer Interface", is
recommended to designers of integrated CSU’s.

Another design choice is whether to use a Line
Interface IC that provides jitter attenuation. For
Stratum 4 Type II systems that don’t relay timing
and utilize a 1.544 MHz backplane clock, the
answer is simple. By using a  CS61574,

AN12REV2
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CS61574A, or CS61575 on the trunk card, the
Type II clock is provided on the trunk card by the

line interface RCLK output, and no separate

synchronizer card needs to be designed. If the
Type II system has multiple T1 lines, then the
line interface IC’s may be connected as shown in
Figure 10. In this configuration, the master
1.544 MHz system clock is provided by the top
CS61574A or CS61575 in the figure. The system
clock will normally be recovered from the T1 line
connected to the top line interface until the line
interface enters the Loss of Signal state. Upon
Loss of Signal (175 £75 zeros), the CS61574A
and CS61575 will substitute ACLKI (if present)
for the recovered clock at the input of the jitter at-
tenuator. The jitter attenuator filters any phase
hits resulting from the switch before the clock is
output on RCLK. In this configuration the RCLK
output of the top line interface will always remain
locked to one of the T1 recovered clocks. Each
line interface that experiences Loss of Signal will
pass on the recovered clock from the line inter-
face preceeding it in the chain. When the master
experiences Loss of Signal, the line interface
nearest the master that is not in the Loss of Signal
State will provide the 1.544 MHz system clock. If
all line interfaces experience Loss of Signal, the
reference clock is used instead. This configura-
tion is advantageous for multi-line loop timed ap-
plications because it provides a jitter-free
1.544 MHz line recovered timing reference
(ideally traceable to Stratum 1) even if there is
only one functioning T1 line reference available.
This capability helps to maximize the system’s
ability to successfully maintain loop timing on as
many T1 lines possible.

However, for three reasons, the configuration
shown in Figure 10 is not appropriate for systems
which transfer timing (i.e., Stratum 4 Type I or
Stratum 2 or 3). First, the CS61574A and
CS61575 switch to a secondary reference clock
upon Loss of Signal and not upon the conditions
outlined in 62411 (summarized previously in the
"Synchronization of Digital Networks" section)
for systems that transfer timing. Furthermore, the

62411 DESIGN ISSUES

CS61574A and CS61575 may not meet the maxi-
mum time interval error (MTIE <l1pus) and phase
change slope (81 ns in any 1.326 ms) require-
ments which apply during rearrangements. Sys-
tems which transfer timing must utilize a system
synchronizer and the control circuitry requried to
judiciously switch between reference sources, and
the synchronizer’s 1.544 MHz PLL is responsible
for insuring the MTIE and phase slope require-
ments are met. Finally, the configuration in
Figure 10 does not necessarily enforce a well
defined network synchronization plan. Such a
plan is essential in a network throughout which
timing is transferred. A synchronization plan
defines an appropriate manner in which timing
rearrangements may be made without creating
network timing problems such as self-locked
timing islands (refer back to Figure 2). The con-
figuration in Figure 10 will not necessarily
prevent the fallback to an inappropriate timing
reference (eg., a line already loop timed to this
node). Therefore, when using the configuration
shown in Figure 10, it is important that there be a
field-installable definition of how the chain is
configured.

Master 1.544 MHz

System Clock CS61574A
OR —— T
RCLK | €S61575
ACLKI I
CS61574A
OR T
RCLK | CS61575
ACLKI} :
CS61574A
OR T
RCLK CS61575
- ACLKI
Reference
Clock

Figure 10 - Cross Coupling of Recovered
Clocks (Stratum 4 Type IT)
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The use of a Line Interface IC with jitter attenua-
tion also provides advantages for Stratum 4
Type I systems and Stratum 2 or 3 systems. By
using a CS61574, CS61574A or CS61575 on the
trunk card, the synchronizer becomes easier to
design. Since the CS61574 exceeds jitter
tolerance requirements and outputs an essentialy
jitter-free recovered-clock, the synchronizer has
reduced jitter tolerance requirements, and will see
phase hits only when the switch is made between
primary and secondary references. This frees the
synchronizer designer to concentrate on meeting
the holdover frequency, MTIE and reference
switching criteria requirements.

1.544 MHz external

SYSTEM CLOCK CARD DESIGN
CONSIDERATIONS

As shown in Figure 7, the synchronizer provides
the master clock for the system. It typically runs
at a multiple of 8 kHz (the PCM frame rate), and
generates a backplane clock at the rate of
2.048 MHz, 4.096 or 8.192 MHz.

A block diagram of a synchronizer is shown in
Figure 11. This diagram shows multiple T1 lines
being available as reference clocks for the
synchronizer. A MUX is used to select one of the
lines. The output of the MUX is fed through a
CS61574 used only as jitter attenuator (ac-
complished by placing the CS61574 in local loop
back mode). This jitter attenuation stage shields

reference clocks input
Line Card #1 Mux \_|CS61574 used as
containing CS61574 Jitter Attenuator
Line Card #n
containing CS61574
.544 MHz
oltage Controlled
T Oscillator
1.544 MHz system clock
output Divide by
193
I——. Phase Loop
’——————w Comparator Filter
Divide by
512 _
4.096 MHz
l Voltage Controlled
4.096 MHz system clock Oscillator
output

Figure 11 - Block Diagram of System Synchronizer

AN12REV2
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62411 DESIGN ISSUES

the 1.544 MHz Phase Locked Loop (PLL) from
significant phase and frequency discontinuities
which can result from either the loss of signal on
the active reference clock input, or the switching
of the MUX. The 1.544 MHz PLL provides a
clean 1.544 MHz output clock for transmitting
back toward the network. The system backplane
clock is also locked to the 1.544 MHz clock using
a second PLL. This system backplane clock does
not need to meet 62411 jitter transfer specifica-
tions, since it is not used to clock data back to the
network (Figure 7).

The system synchronizer clock card - design is
greatly simplified in systems which employ
CS61574’s, CS61574A°s or CS61575°s on the T1
trunk cards. In such a system, jitter performance
requirements (jitter transfer, jitter tolerance and
intrinsic jitter) are met by the line interface IC.
The 1.544 MHz PLL does not need to be
designed with the narrow closed loop bandwidth
required for 62411 (i.e., jitter attenuation starting
at 6 Hz). Wider closed loop bandwidth simplifies
the design of the PLL and promotes stability. For
example, VCO (Voltage Controlled Oscillator)
phase noise is suppressed in a system which has
wider closed loop bandwidth. The fact that VCO
stability is improved by wider closed loop
bandwidth (feedback) means that it is often pos-
sible to use a VCO instead of a more expensive
VCXO (Voltage Controlled Crystal Oscillator) in
the 1.544 MHz synchronizer PLL of a Stratum 4
(Type I) system. VCXO based designs offer ex-
cellent stability even in low bandwidth applica-
tions and are recommended for use in Stratum 3
systems. Although the synchronizer does not
need to be the primary source of jitter attenuation
in a system utilizing line interface IC’s with jitter
attenuation, the synchronizer PLL should not ex-

hibit jitter peaking (jitter gain). It is easier to
design a PLL which does not exhibit jitter peak-
ing when a significant amount of jitter attenuation
is not required.

Not only does the use of a CS61575 based trunk
card design relax the jitter performance con-
straints imposed- on the synchronizer’s
1.544 MHz PLL, but it also eliminates the hold-
over (free-running) frequency accuracy require-
ment. Because the CS61574A and CS61575 will
gracefully transition from the line recovered
clock to a reference clock upon Loss of Signal,
the 1.544 MHz PLL will always have an ap-
propriate timing reference to stay phase locked to
and will never need to free-run. The holdover fre-
quency accuracy of the system will be that of the
1.544 MHz reference clock supplied to the line
interface IC’s.

With the other design constraints greatly relaxed,
the PLL may be designed specifically to meet the
dynamic performance required by 62411. To do
this, the PLL must be designed with adequate
damping to meet the Maximum Time Interval
Error (MTIE) and phase change slope require-
ments discussed earlier.

There are several types of components from
which the synchronizer PLL’s may be con-
structed. Monolithic PLL IC’s like  the
74HC4046A offer excellent performance and
minimal circuit board space requirements. For
more information on PLL design using the
74HC4046A, refer to (2) - (4). The free design
program (3) offered by Signetics is an excellent
tool for evaluating and optimizing a 74HC4046A
PLL Design.
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Recommended References on PLL design are:

1. Gerdner, Floyd M:
John Wiley & Sons, New York, 1979. (ISBN
0-471-04294-3)

2. Volgers, B.: "Phase-Locked Loop Circuits:
74HC/HCT4046A & 74HC/HCTR7046A
HCMOS Designer’s Guide", Signetics/Phil-
lips Components. (Ordering Code: 98-2908-
350)

3. Signetics/Phillips Components: HCMOS Phase-
Locked-Loop Design Program . (For IBM

compatible computers)

4. Austin, W. M.: "CMOS Phase-Locked-Loop
Applications Using the CD54/74HC/HCT
7046A", ICAN - 8823, Harris Semiconductor.
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INTRODUCTION

This application note describes how the T1 line
interface IC’s offered by Crystal Semiconductor
may be used with the receiver gain and equaliza-
tion network from a repeater IC, and a discrete
transmitter pulse shaping network, to implement a
complete physical layer long-haul T1 line inter-
face. This design is intended to comply with FCC
Part 68 and AT&T 62411 requirements. General-
ly, the CS61574, CS61574A and CS61575 are
best suited for this application because receive
side jitter attenuation is provided. The circuits
described herein can also be directly applied to
the CS61534, CS61535, CS61544, CS6158 and
CS6158A (all but the CS61544 are pin com-
patible but offer different architectures and
performance).

The combination of a CS61574, CS61574A, or
CS61575 line interface IC and a repeater IC front-
end provides increased functionality and

performance over that available with traditional -

repeater only designs. The CS61574, CS61574A,
and CS61575 internally provide jitter attenuation
of the recovered clock, local and remote loop-
backs, loss. of signal detection, reference: clock
fall back, and host processor configuration and
supervision. These functions must be imple-
mented in discrete circuitry in a repeater only
design at additional cost. Furthermore, the
CS61574, CS61574A, and CS61575 provide
clock recovery which eliminates the need for the
repeater’s LC tank.

Most T1 applications may be classified in one of
two general categories: short distance or intraof-
fice DSX-1 applications, and long distance
applications. Crystal Semiconductor’s CMOS line
interface products offer complete solutions for all
types of intraoffice T1 applications. The addition
of receiver gain and equaslization, and transmitter
output pulse shaping allows these line inter faces
to be used for applications such as office
reqeaters and Channel Service Units (CSU’s),
which are used to connect Customer Premises

T1 Long-Haul Physical Layer Interface

Equipment (CPE) to a telephone company net-
work.

The circuits described in this application note
may be used in the implementation of a stand-
alone CSU, or may be used to eliminate a
stand-alone CSU by integrating the long-houl
physical layer interface onto each T1 line card in
the CPE. An integrated CSU approach is attrac-
tive because it eliminates duplication of
transmitting, receiving, framing and monitoring
fuctions in the CSU and terminal equipment,
thereby reducing system cost and complexity.

Long-haul applications are characterized by the
use of line repeaters to regenerate and retime the
signal at intermediate points along its transmis-
sion path. The distance between line repeaters in
long-haul applications may be several times the
transmission distances covered in intraoffice ap-
plications. Because of the longer transmission
distances, long-haul receivers must provide both
gain and equalization to the incoming signal to
compensate for the significant attenuation and
low-pass characteristic of the transmission line.
This gain and equalization is referred to as
Automatic Line Build Out, ALBO.

On the other hand, intraoffice applications do not
need receiver equalization or as much receiver
sensitivity as long-haul applications. Intraoffice
applications use transmitter pre-equalization to
compensate for a specific amount of cable at-
tenuation in order to ensure that a robust pulse
arrives at the receiver.

Long-haul line interfaces also require transmitter
pre-equalization, referred to as Line Build Out,
LBO. The LBO network provides simulated cable
attenuation in applications where the transmission
distance to the first line repeater in the network is
relatively short. This attenuation prevents the
repeater’s receiver, which is optimized for receiv-
ing signals attenuated by maximum calbe length,
from being overdriven by a large amplitude sig-
nal.
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T1 Long-Haul Physical Layer Interface

RECEIVER INTERFACE

The receivers in Crystal’s T1 line interface ICs all
offer excellent sensitivity, typically 15 dB below
the DSX level. This receiver sensitivity far ex-
ceeds that required for DSX-1 applications, but it
is still less than that typically required for many
long-haul applications. For applications which re-
quire additional sensitivity, an automatic gain and
equalization, or ALBO, stage can be used as a
front-end for the line interface receiver to provide
the increased sensitivity.

The external ALBO network may be easily real-
ized by using the ALBO circuit found in a
conventional repeater IC. Such circuits typically
contain one or two ALBO diodes which are used
to form an adaptive attenuation network in front
of a high gain preamplifier. The preamplifier is
designed to provide both the gain and equaliza-
tion required to compensate for the maximum
amount of cable attenuation anticipated.

Since a long-haul receiver must also be able to
recover high amplitude signals transmitted over
shorter distances additional attenuation is required
for these signals before they are amplified by the
preamplifier equalization stage. The ALBO diode
attenuation network provides the correct amount
of additional attenuation required to prevent over-
driving the preamplifier stage by acting as an
Automatic Gain Control (AGC).

Because the preamplifier input signal is main-
tained at a constant amplitude the preamplifier’s
differential outputs are also a constant amplitude
representation of the equalized input signal and
may be directly ac-coupled into the RTIP and
RRING receiver input pins of the Crystal T1 line
interface IC. When used in this way, the repeater
serves only as an analog gain and equalization
stage and performs no clock or data recovery. In-
stead, these functions are performed by the clock
and data recovery circuits in the Crystal T1 line
interface IC, and the tunable LC tank circuit, nor-
mally used with the repeater, is eliminated. The

clock and data recovery circuits of the CS61574,
CS61574A, and CS61575 exceed the most
demanding 62411 jitter tolerance requirements.

Eliminating the repeater’s LC tank is of great
benefit. LC tank clock recovery circuits require
manual tuning (a production nightmare) and will
drift out-of-tune in response to aging and/or
mechanical stress. LC tanks are also prone to
producing data dependent jitter, a problem shared
with most clock recovery architectures.

CPE designs using repeater LC tank clock
recovery require an external system synchronizer
which is capable of jitter attenuation for 62411
compliance. The CS61574, CS61574A and
CS61575 feature a receiver jitter attenuator which
meets the requirements defined in AT&T 62411
(1990 version), so that the recovered clock of
these ICs may be used directly as a Stratum 4
Type 1I jitter-free system timing reference. Com-
pliance with AT&T 62411 is a neccessary
requirement for Customer Premises Equipment
which is connected to T1 lines provided by
AT&T.

Two receiver ALBO applications circuits for use
with the Crystal T1 line interface ICs are
presented here. Both applications circuits were
built and tested using the CS61574. The first is
based upon the PMI LIU-01 repeater IC and dis-
crete components. The second is based upon the
Exar XR-C277 (PMI RPT-82) and the Exar TM-
044H hybrid. Both circuits were adapted from the
manufacturer’s recommended applications cir-
cuits for T1 operation using #22 A.W.G.
unshielded twisted pair cable. In both circuits,
many of the external repeater support components
unnecessary for this application, including the LC
tank, are removed. Similar networks may be
designed for CEPT applications or T1 applica-
tions which use other types of cable.

AN14REV1
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LIU-01 ALBO APPLICATIONS CIRCUIT

The ALBO network realized using the PMI LIU-
01 is shown in Figure 1. This network does
require several external components but offers ex-
cellent receiver sensitivity. The use of surface
mount components and careful board layout mini-
mizes the board space requirements of this
network. The PMI LIU-01 features dual ALBO
diodes which give it the dynamic range required
to recover full amplitude input signals, as well as
those attenuated by up to 38 dB of cable loss.

T1 Long-Haul Physical Layer'lnterface

Repeaters utilizing only one ALBO diode (like

the XR-C277 used in the next applications cir-
cuit) have less dynamic range and have difficulty
recovering full amplitude input signals. The
preamplifier outputs of the LIU-01 are ac-coupled
to the CS61574 RTIP and RRING receiver input
pins using a 0.01uF capacitor and a 10kQ resistor
to ground.

'1|"1 0.1uF| 6.8uF

PE-64931

LINE 3” 2 A c13_T_ cizk
2

0.2uF 1000
3000 3300pF

kO | 0.01uF

| 19 8

Ri3 U RTIP  RCLK |- Recovered
C15 zR15 Clock
c 1.2k 10k

! = R12 L 7
0.012uF ALBO , 3kafcte - RPOS =+ Recovered
' OUT(-) 20 |RRING RNEG L8, Digital Data

¢ ALBO 0.01UF = e

6
ALBO
o7 L |PEHAY FiLTER

LIU-01

10k u2
+3Y CS61574

Figure 1. CS61574 and ALBO Network Using PMI’s LIU-01 Repeater
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XR-C277 ALBO APPLICATIONS CIRCUIT

The network based upon the Exar XR-C277 (or
PMI RPT-82) and the EXAR TM-044H hybrid
module is shown below in Figure 2. This network
uses a diode to generate the two supply voltages
required by the XR-C277 from a single +5 Volt
supply. The preamplifier outputs of the XR-C277
are ac-coupled to the CS61574 RTIP and RRING
receiver input pins using a 0.01 pF capacitor and
a 10 kQ resistor to ground. Most of the passive
components required to realize the ALBO net-

+5V

work have been consolidated into the hybrid
module easing board space and layout require-
ments. This network has good sensitivity and
recovered signals after as much as 34 dB of cable
loss. However, it had difficulty recovering full
amplitude pulses (those attenuated by less than
about 5 dB) because it employs only one ALBO
diode.

r D1
+[10uF _[0.1uF 1N'4003 Yo.1 uF 2110 oF
T T T I
10 15
RS :E V4+ V+
365kn ALBOFILTERIN|[5 _ 16 | ABLO TERM outals otJnuF
R1 T1 ALBO [6 1 |ALBOOUT + RTIP
2k
p20 12 Al 1] ING) A() [7__2 | PREAMP IN(-) ' ROLK| 8, RECOVERED
T R4 A(+) |8 3 | PREAMP IN(+) wkn
LINE R3 RPOS | 7
arsn |, > RECOVERED
) 001uF RNEG|6 , DIGITAL DATA
R2 SCHOTT GND[4 _ 6!/GND QUT()[4 RRING
62n 10933 7| GND
H1 Ut u2
TM-044H XR-C277 wkn CS61574
OUT(+) OUT()
10[ 3[9]

Figure 2. CS61574 and ALBO Network Using Exar’s XR-C277 and TM-044H Hybrid

Figure 3 shows the XR-C277 ALBO input and
output waveforms. The upper trace in the oscillo-
scope photograph is the ALBO input signal
measured differentially across the points labeled
"T1 LINE." The input signal has been attenuated
by approximately 20 dB of cable loss. The middle
trace is the ALBO output signal measured with
respect to ground at the RRING pin of the
CS61574. The lower trace is the ALBO output
signal measured with respect to ground at the
RTTP pin of the CS61574.

500 ns/div T
1.00 V/div i

{"""ALBO Input

T
REGLEV,N
T

Figure 3. ALBO Input and Output Waveforms
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T1 Long-Haul Physical Layer Interface

TRANSMITTER INTERFACE

On the transmit side, a Line Build Out (LBO)
stage is required between the Crystal line inter-
face and the transformer to realize the -7.5 dB and
-15 dB output pulse options required for the net-
work interface by FCC Part 68. All of the line
interface ICs already produce the 0 dB output
pulse specified by Part 68. This LBO network
provides 0 dB, 7.5 dB, or 15 dB of switch selec-
table attenuation at 772 kHz in the transmit path.
The network is placed in the transmit path be-
tween the line interface and the transformer so
that it is protected by the transformer and any ad-
ditional line protection circuitry in the secondary.
The required attenuation characteristic is
specified in FCC Part 68 by a transfer function.
Each of the two identical LBO sections in the net-
work presented in Figure 4 below implements a
two-pole approximation of this transfer function.

The LBO is a matched network designed to
provide the 25Q equivalent load expected by the
CS61534, CS61535, CS61574 and CS6158 out-
put drivers when the 25Q equivalent line load is
placed across the LBO output. For Option B (-7.5

dB) output pulses one of two identical attenuation

networks is switched into the transmit path. For
Option C (-15 dB) output pulses both networks

are placed in series in the transmit path. Contact
the factory for the changes required to adapt the
LBO in Figure 4 for use with the transmitter
drivers in the CS6152, CS61535A, CS61574A,
CS61575, CS6158A and CS6159.

The network in Figure 4 was tested for FCC Part
68 compliance in two ways. First, the output pul-
ses were measured against the pulse templates
derived from Part 68 using a CS61574. Figure 5
shows the CS61574’s 0 dB output pulse (selected
with LEN2/1/0 = 010) overlaid with the Option A
template. Figures 6 and 7 show the -7.5 dB and
-15 dB output pulses respectively, overlaid with
the appropriate output templates. Careful board
layout is required to meet the Option C template
as shown in Figure 6.

Finally, attenuation measurements were made on
an all ones pattern at 772 kHz using a spectrum
analyzer. Figure 8 shows the attenuation of the

- LBO network’s Option B output (with respect to

the 0 dB Option A pulse) which was measured to
be -7.3 dB at 772 kHz. Similarly, the attenuation
of the LBO network’s Option C output (with
respect to the 0 dB Option A pulse) was measured
to be -15.0 dB at 772 kHz.

TIP3 5, 4
; 1. . 7.6 12
v , E L1 82uH. R2 930 :| 164 L282uH R6 930 5
[V]] *——e - ¥ 14 15 T1
CS51574 L4 o ; R3 EEN R5 R7 LINE
o 50 | 7820 36.50 < 73820 PE-64931
. C2—= ZR4 c3 Zns
TRING |16 I 33nFT > 1330 33 nFT ” 1330 )
: é;|1 12 sw1
“TuF 104 N1l (ALCO MSS 4300G)

Figure 4. CS61574 LBO Network Used to Generate 0dB, -7.5dB, and -15dB Output Options
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MRK (125):772 ©00.00HZ
AeI ST 8.45d8a 1008/ EENIED
BC#)18 15.73d8~ 1048~ ~30. 0048

CF (772 000.00Hz SPAN: 10 000.00H2z
OUT(B). 8.00dBm ST:7.10sec Soa
EEH2048~ RBUY. 100Hz UBU. 100Mz

Figure 8. LBO FCC Part 68 Option B (-7.5dB) Attenuation at 772 kHz

MRK (1251772 800.00Hz
AC*)IS(T) 0.73dBn 1648 IENEEED
B(»>:B 15.73d8m 10dB/ -30.00d8

CF :772 000.00Hz SPAN: 10 000.00Hz
OUT(B>: 0.00dBn ST:.7.10sec
EEENI20dBn  RBU: 100Hz UBW: 100HZ

Figure 9. LBO FCC Part 68 Option C (-15dB) Attenuation at 772 kHz
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DEFINITIONS

DEFINITION OF PRELIMINARY PART
TYPES

Before a part is in full production, Crystal will
supply preliminary parts. There are two varieties:

LEngineering Sample (ES)

Engineering sample "ES" is a product which has
not been completely characterized or where
qualification has not reached the first lot 500
hours read point. ES product will be assembled
per manufacturing specs at qualified assembly
sites. All units will be tested to a published data
sheet and applicable errata sheet (if needed).
Any ES units which are tested only at room
temperature will receive a supplemental brand
"25°". As soon as automated temperature testing
is available for this device, all subsequent ES
units will be 100% temperature tested.

The following premium - temperature product
grades will always be 100% tested at tempera-
ture:

TELECOMMUNICATIONS - "M" grade
DATA ACQUISITION - "A", "B", "C", "S",
"T", and "U" grades

I1. Engineering Prototype (EP)
Engineering Prototype is an engineering

prototype of a device which works sufficiently
for beta site purposes.

DEFINITION OF DATA SHEET TYPES

Each product developed by Crystal will be
supported by technical literature where the data
sheets progress through the following levels of
refinement:

I. Product Preview

This is a 1-to-4 page document which describes
the main features and specifications for a product
that is under development. Some specifications
such as exact pin-outs may not be finalized at
time of publication. The purpose of this docu-
ment is to provide customers with advance
product planning information.

II. Preliminary Product Information

This is the first document completely describing
a new product. It contains an overview,
specifications, timing diagrams, theory of
operation, pin-out diagram, applications infor-
mation, ordering guide and mechanical informa-
tion. The numbers in this data sheet are based on
prototype silicon performance and on worst-case
simulation models. The specifications represent
the designer’s best estimate for the '"real"
numbers. Min and max values are included
where possible. The purpose of this document is
to provide system designers with technical infor-
mation sufficiently detailed to guarantee that
they can safely begin active development.

II1. Final Data Sheet

This is an updated version of the preliminary
data sheet reflecting actual production
performance of the final product. Updates
include tighter specifications, more min and max
values, and any application information that has
arisen during the early life of the part. The pur-
pose of this document is to communicate the
confirmed performance of products which have
passed qualification, been fully characterized,
and are in production.
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T Y12 227 PRODUCTION FLOW/
55— RADIATION PERFORMANCE

PRODUCT HANDLING IDENTIFIER INDEX
ASSEMBLY PROCESSING IDENTIFIERS

HANDLING PRODUCT FLOW-TITLE SPECIAL
IDENTIFER DOCUMENT NUMBER PROCESSING COMMENTS
A Commercial Hi-Rel 160 hours burn-in @ 125 °C

RADIATION RESISTANCE PERFORMANCE

Crystal products are manufactured using 2 and 3 micron CMOS processes. While not able to withstand
large doses of radiation, our products are suitable for operation in low to medium dose applications. In-
deed, the self calibrating architecture of many of the A/D Converters is able to compensate for the effects
of radiation.

Crystal will assist customers to test parts for radiation resistance by supplying free, data-logged parts. In
exchange, we would like the parts returned to us, so that we can measure their post-radiation perfor-
mance. In addition, we would like a copy of any report that is generated, along with permission to pub-
lish the report for other customer’s information.

Several customer’s have already undertaken radiation testing of our A/D Converters. Please contact the
factory for the latest information and copies of the radiation performance reports.
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RELIABILITY METHODS

I. CONCEPT OF RELIABILITY

In general terms, the reliability of a semiconduc-
tor device is defined as the measure of the
functional stability of the device with respect to
time. Expressed in a more quantitative sense, it is
the probability that the device will operate with a
specified performance over a specified period of
time under a given set of conditions.

Reliability characteristics are usually stated in
reverse terms as the loss of ability to function, or
failure rate. The reliability performance of a
device can best be summarized by the reliability
life or "bathtub" curve (Figure 1). The reliability
performance is characterized by three phases: in-
fant mortality, useful life, and wearout. Infant
mortality failures can be reduced by proper
manufacturing controls and screening techniques.
The useful life period is typically a long period of
time where only occasional random failures
occur. During this time the failure rate is usually
very low. The final period is aptly named
wearout. Using proper design guidelines and
device applications, this period is shifted well
beyond the lifetime required by the user.

Reliability Life

I ( Bathtub ) Curve
o Digital Device or Crystal .-
S Smart Analog Device _.<Z
s Traditional Analog IC —, .~~~
Infant Mortality Random Wearout
Failures Failures Failures

Operating Life e

Figure 1.
An item of great importance in evaluating
reported reliability characteristics is the definition
of a failure. Crystal’s definition of a failure is any
device that fails to meet ANY data sheet
parameter. Crystal’s digital self-calibration tech-
niques provide stable performance over

temperature and life. Traditional Analog IC’s and
hybrids exhibit wearout mechanisms very early in
the life of the product. One competitor’s analog-
to- digital converter’s linearity error stability is
specified at +/- .00075 % per 1000 hours at
25°C. Stability degradation at 70 °C is un-
specified and is likely to be accelerated greatly as
temperature increases. The dashed line of Figure
1 is typical of the wearout seen in a competitor’s
Analog IC or hybrid. As you can see, wearout
begins much earlier than a digital device or a
mixed analog and digital chip utilizing Crystal’s
SMART analog design architecture and CMOS
wafer technology.

II. CRYSTAL SEMICONDUCTOR
RELIABILITY STRESSING

These stresses are done on every new product, as-
sembly house or fabrication subcontractor. The
Crystal acceptance criteria and goals are as
described in Table 1 of the Quality and Reliability
information in section 1 of this data book.

Accelerated Operating Life Stress

Accelerated operating life stressing is performed
to accelerate thermally-activated failure
mechanisms through the application of extreme
temperature and dynamic biasing conditions. The
typical temperature and voltage conditions used
in the stress are 125 °C with a bias level at the
maximum data sheet specifications. Some devices
may be stressed at an even higher voltage level to
further stress the oxides of the device. All devices
used in life stress are sampled directly from the
production flow with no special processing or
pre-screening. Stressing is performed per MIL
STD 883, method 1015, condition D (dynamic
signals). These dynamic conditions simulate as
much as possible actual operating conditions in
an application.

REL3
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Both infant mortality operating life stress (168 hrs
at 125 °C) and long term operating life (typically
1000 hrs at 125 °C) are reported . Infant mortality
life simulates approximately 6-8 months in the
field at 70 °C and is reported as %/168 hrs. Long
term life simulates the total failure seen in the
field and is expressed in FITS (failures in time ).
1 FIT = 1 failure per billion device-hours. Derat-
ing of long term operating life is done
using Arrhenius thermal equations along with
Weibull statistics. A 60 % upper confidence limit
(UCL) and .7 electron volts (eV) activation ener-
gy are used in this calculation.

85°CI85% R .H.

85 °C/ 85% R.H. is an environmental stress per-
formed at a temperature of 85 °C and at a relative
humidity of 85%. The test is designed to measure
the moisture resistance of plastic encapsulated
devices. A nominal-voltage static bias is applied,
with minimum power consumption, to the device,
to accelerate the electrolytic corrosion of the
metallization. Failures are expressed in % /time
with 168, 500, and 1000 hour cumulative results
reported.

Autoclave

Autoclave is also an environmental stress which
measures the moisture resistance of plastic encap-
sulated devices. Conditions for this test are
121 °C, 100% relative humidity, and 1 atmos-
phere of pressure (15 psig), with no bias applied
to the circuit. Corrosion of the die is the expected
failure mechanism. Stressing is usually performed
for 144 hours. Failures are expressed in %/time
with 48, 96, and 144 hour results reported.

Temperature Cycling

Temperature cycling typically accelerates the ef-
fects of the thermal expansion mismatch among
the different components within a specific pack-
age and circuit. The stress is performed per MIL
STD 883, method 1010, Condition C (-65 °C

RELIABILITY METHODS

to +150 °C). Stressing is done in an air environ-
ment. A cycle consists of ten minutes at -65 °C,
five minutes transfer time, and ten minutes at
+150 °C. Stressing is typically performed for
1000 cycles. Failures are expressed in %/cycles,
with 100, 500, and 1000 cycle results reported.

Thermal Shock

The objective of thermal shock is basically the
same as that of temperature cycling - to exercise
the difference in thermal expansion coefficients
within the integrated circuit package and die.
Thermal shock provides additional stress as the
device is exposed to a rapid change in tempera-
ture, due to a maximum transfer time of ten
seconds, as well as the increased thermal conduc-
tivity ‘of a liquid environment. This test is
performed per MIL STD 883, method 1011, Con-
dition B (-55 °C to +125 °C). In one cycle of
thermal shock, devices are placed in a flourocar-
bon bath cooled to -55 °C for five minutes, then
transferred to an adjacent bath filled with
flourocarbon at 125 °C for five minutes. Stressing
is performed for 500 cycles. Failures are ex-
pressed in %/cycles, with results reported at 100,
200, and 500 cycles.

High Temperature Storage Life

Storage life is an environmental stress where
temperature is the only stress. Stressing is per-
formed per MIL STD 883, method 1008,
Condition C. (150 °C). Stressing is performed to
1000 hours. Failures are expressed in %/hours,
with results reported at 168, 500, and 1000 hours.

Electrostatic Discharge

Electrostatic discharge testing is performed to
determine the handling sensitivity of a semicon-
ductor device. This test is performed per MIL
STD 883 method 3015, which simulates the resis-
tance (1500Q) and capacitance (100 pF) of the
human body. Also the machine model test is per-
formed with a 0Q resistance and a capacitance of

12-6
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200 pF to simulate, as its name implies, a typical
insertion tool, handler, etc. that comes in contact
with the leads of a semiconductor device.

Latchup

Latchup testing is performed to ascertain whether
a device can sustain SCR latchup due to a DC
current input. The pin being tested has a DC cur-
rent forced to it with the device power supplies at
nominal voltage and inputs at ground state. Sus-
ceptibility of each input is tested with both a
positive and negative DC current forced into it.
This test is performed per the standard test proce-
dure recognized by JEDEC.

C dv/dt Latchup Testing

This test is performed to evaluate the suscep-
tibility of a CMOS device’s power pin to
instantaneous ESD discharge into a power
supply pin or a rapid ramp of a power pin during
power up. Positive and negative pulses are sup-
plied to the power supply pins with a change in
voltage of greater than 500 V/us and aOto 5 V
risetime of less than 15 ns. Ground, Vs, and the
pin under test are connected to ground. The sup-
ply current is monitored for excessive current.

II1. FAILURE RATE CALCULATIONS

Failures during typical reliability stressing
generally are in the infant mortality and random
failure sections of the "bathtub" curve. Thermally
accelerated failure rates can be derated to actual
operating conditions by commonly accepted
mathematical models.

Operating life stress is usually reported in the
derated form. That is, operating life is performed
at 125 °C and results are reported for an
equivalent time at a typical operating stress
temperature for an application, generally 25 °C,
55 °C, or 70 °C. Failure rates for other tempera-

tures are calculated using a computed accelera-
tion factor.

There are many probability models used in
reliability analysis for calculating failure rates.
The simplest form of calculating a failure rate
(ER.) would be to divide the number of failures
observed after test (N) by the number of device-
hours of stress.

FR.= N
D-H ()

where D is the number of devices stressed and H
is the number of stress hours. If this number is
multiplied by 10” we obtain the failure rate ex-
pressed as Failure In Time (FIT). FITS are
expressed as failures per billion device operating
hours.

FITS = (ER.)(10%) @)

However, using equation (1) allows only for a
failure rate calculation at the stress temperature.
In order to apply the equation to the desired use
temperature we use the well-known Arrhenius
relationship to determine the thermal acceleration
factor, Fa. One hour of device operation at
temperature T1 is equivalent to Fa hours of opera-
tion at temperature T2. The activation energy, EA,
is an important parameter in the Arrhenius equa-
tion and is discussed below. The Arrhenius
equation is:

_EA(I_I)
FaTio>Ty—c £ @)

where k = Boltzman’s Constant (8.63 x 107
e¢V/°K) and Ti is the accelerated stress junction
temperature and T2 is the desired use operating
junction temperature in degrees Kelvin.

Junction temperatures, T1 and T2, should be used
in determining acceleration factors. This temper-

REL3
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ture can be obtained from the equation below.

Tj = Ta+ 6jaPd C))

where Ta is the operating ambient temperature
and 6ja is the package thermal dissipation (°C/ W)
and Pq is the device power dissipation.

Crystal utilizes a low power CMOS process
which typically raises the junction temperature
about 7 to 15 °C, whereas analog bipolar IC’s and
hybrids can have power dissipations in the 1 W
range. These differences in device junction
operating temperatures can greatly affect the ac-
celeration factors. For example, let’s calculate the
acceleration factors of a device with a power dis-
sipation of 1 watt packaged in a 40 pin ceramic
package. This is equivalent to a junction tempera-
ture change from 160 °C to 60 °C and from Table
2 the acceleration factor is 277. A typical Crystal
device junction temperature is 10 °C higher than
the ambient which results in a junction tempera-
ture change from 135 °C to 35 °C. This results in

TEMPERATURE CHANGE

ACCELERATION FACTOR
125-->700C 26.3
125-->550C 77.5
125-->250C 933.0
135 --> 35°C 636
160 --> 60 °C . 277

TABLE 2

ACCELERATION FACTORS FOR DIFFERENT
TEMPERATURES (E. A. = .7 eV)

/ACCELERATION FACTOR

E.
1. 106.0

66.7

4.7

263

16.4

10.3

6.5

Wi N|ojolo] »

4.1

TABLE 3
ACCELERATED FACTORS FOR DIFFERENT
ACTIVATION ENERGIES (125 ° C --> 70° C)

an acceleration factor of 636, as shown in Table
2. By comparing the results in Table 2 one can
see how derating to a lower use temperature or
failing to consider junction temperature when cal-
culating acceleration factors can result in greatly
differing failure rates.

Table 3 compares acceleration factors for dif-
ferent activation energies. Using a 1.0 eV
activation energy versus a .7 eV activation energy
results in a factor of four increase in the accelera-
tion factor. Crystal uses an activation energy of .7
eV, a conservative value, compared to the .8 eV
to 1.0 eV used by other analog IC vendors.

We now take the failure rate equation (1) at ac-
celerated temperatures expressed in FITS and
factor in the acceleration factors from the Ar-
rhenius relationships considering junction
temperatures and arrive at the equation below.

FITS = — ©)

Using composite Crystal data through the 1st
quarter of 1988, a failure rate at 25°C can be cal-
culated by substituting in equation (5) above:

N=23

D+H = 5,371,036

Fa = 702 (Assuming .7 eV and stress temperature
of 125°C, using junction temperature derating)

DeH is the summation of the devices stressed at
each readpoint multipled by that number of stress
hours.

Substituting we get:

]
. 10%)23)
FITS 25°C = 5 371.036)(702) = O

The Weibull distribution is often used for product
life predictions because it can describe increasing
and decreasing failure rates. Also the Weibull dis-

12-8
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tribution has both a shape parameter, B, and a
scaling parameter, o. This is very useful in ac-
curately describing the shape and scaling of the
"bathtub" curve. These more accurate descrip-
tions of the failure rate of the Weibull distribution
make this method superior to the uniform failure
distribution described in Equation (1). The
Weibull probability distribution function (PDF)
f(t) is the probability of failure between time t and
t + dt.

£(t) = B (B-1, ([Tf) (6)

o

The Weibull PDF can also be expressed as a func-
tion of the Reliability function, R(t), and the
instantaneous failure rate function, h(t), therefore:

£(t) = h(R(t) @)

The Reliability function is found by integrating
the Weibull PDF from t to oo. This function is the
probability that a device will survive to time t.

(-] ﬁ
t
R(t) = tJf(t’)dt’ = e(ﬁ) ®)

The instantaneous failure rate function is the
probability that a device will fail between time t
and t+dt:

hy = - £ 9B %t(B'l) ©)

1dR _
R dt

The Reliability function is used to calculate the
shape parameter, B, and the time scale parameter,
o. The shape parameter is the key function in
shaping the infant mortality portion of the "bath-
tub" curve. A B of 1 indicates a uniform failure
rate, B > 1 indicates wearout and B < 1 indicates a
declining failure rate. To use Weibull statistics,
failures that occur during operating life stresses
are used to produce values of R(t). Failure times
and R(t) values can be combined to estimate o

and B. We first take the natural logarithm of both
sides of equation (8).

B
1) _t
In (R(t)) =«

We again take the natural logarithm and obtain:

1
In |:lnR (t)] =B In(t) - In(ex) (10)
This last equation is now in the form of a linear
function. Using linear regression techniques or
Weibull plotting paper we obtain the Weibull
shape and scale parameter. Most semiconductor
manufacturers perform a burn-in screening on
devices to insure that the end customer receives a
population of devices that have minimal infant
mortality and are from the useful life period of
the reliability "bathtub” curve. It is very impor-
tant to include this data for the entire lifetime of
the device to obtain an accurate curve fit for ob-
taining o and f.

Once the parameters o and B for the Weibull dis-
tribution are known we utilize R(t) to calculate
FITS. Crystal uses a 20 year lifetime in its FIT
calculations and typically uses a 48 hour burn-in
at 125 °C hence:

t20 = 20 yrs = 175,200 hours
t1 = 48 hours

The number of devices that will fail in the twenty
year lifetime following burn-in is given by:

N =D [R(t1) - R(t1 + t20)] (11)

where D is the total number of devices stressed.
The number of device-hours accumulated in 20
years can be estimated by counting the devices
surviving after 20 years.

DH 2D « R(t1+t20) * £20 (12)

REL3
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Using equation (2) for expressed failures in FITS
we obtain the equation below for a Weibull dis-
tribution

D [ R(t1) - R(t1 + t20)]

9
FITS <1075 R(t1 + t20) * (20)

_10° [R(t1) - R (t1+t20)]
R(t1+ t20) * (t20)

(13)

The above equation applies only at the stress
temperature. In order to apply the equation to the
desired use temperature we factor in the accelera-
tion factors, Fa, from the Arrhenius relationship
as it relates to time in the reliability function.
Therefore in equation (12) above we replace
R(t1 + t20) by R(t1 + t20/Fa). Note that the device
lifetime t20 is still 20 years but the reliability
function must have the acceleration factor con-
sidered for derating to use temperature. Using
composite Crystal data through the first quarter of
1988, and using from equation (10), B = .19 and
o = 521 and Fa = 702 y1e1ds a failure rate at
25°Cof 9.7 FITS.

This failure rate is a more accurate measure of
Crystal reliability than that provided by the con-
stant failure rate model of equation (5).

Reliability evaluations involve only samples of an
entire population of devices. Therefore a con-
fidence level, (CL), should be placed on the
average failure rate. At any time a sample is
stressed from a population there exists a finite
chance of failures. If many separate samples were
stressed from the same population and failure
rates plotted, a normal distribution of failure rates
would occur. Therefore, valid statistical methods
for a normal distribution should be used to deter-
mine the desired CL. Confidence levels for
reliability analysis are expressed in upper con-
fidence levels (UCL), typically at 60% or 90%
depending on the criticality of the device’s ap-
plication. The total sample size stressed is critical

in defining the UCL. Therefore rather large
sample sizes must be stressed to more accurately
demonstrate the true failure rate. A larger spread
will exist between the 50% and 90% UCL dis-
tribution for smaller sample sizes due to the
greater probability that the sample stressed was
not representative of the entire population.

Environmental stresses, such as autoclavé,
temperature cycling, thermal shock, storage life
and 85 °C/85%R.H., usually have their actual
results reported, due to the lack of widely recog-
nized derating models. These are usually
expressed as %failure / stress time. An example
of this would be a temperature cycling failure rate
expressed as %/ 1000 cycles. These failure rates
should have a confidence level associated with
the data given. For environmental stresses, Crys-
tal publishes data with a 90% confidence level.
To calculate this failure rate with confidence
levels, the following binomial probability statis-
tics calculations are made:

[Pa (100 - Pa)] /2

Pe=Pat+ Z———— (14)

where Pc is the failure rate with confidence level,
Pa is the observed failure rate in percentage
defective, n is the number of samples stressed,
and Z is the value of the standard normal prob-
ability distribution associated with the desired
confidence level. (Z = 1.28 for 90% UCL.) This
calculation agrees with the widely accepted lot
tolerance percent defective, LTPD, plans that are
based on 90 % upper confidence.

Of course it is not satisfactory to have accurate
methods on reporting failure rates without having
programs and methods in place to continuously
improve the reliability of the product. Crystal
uses methodologies in every level of the company
to provide the highest possible quality and
reliability standards of its products.

12-10
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Using the reliability calculation methods of
Maxim, an analog IC quality leader, Crystal
achieves a failure in time (FIT) rate of 6.1 parts
per billion operating hours. This compares
favorably with Maxim’s own performance of 6.8
FITs. Crystal’s reliability is also established for
devices requiring far greater analog accuracy than
its competitors’ products.

In summary Crystal Semiconductor uses conser-
vative models that are accepted throughout the
semiconductor industry to determine the

RELIABILITY METHODS

reliability of its devices and has active programs
in place to continuously improve the quality and
reliability of its devices.

For further information on a summary of
Crystal’s methods of insuring high quality and
reliability standards see the Quality and
Reliability information in section 1 of this data
book, or contact Crystal’s Reliability and Quality
Assurance Department at the factory.

REL3
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MECHANICAL DATA

A A AAAASMAAAASA MILLIMETERS | __INCHES
28 15]T ) DIM[ MIN | MAX | MIN | MAX
A (2;8 148 A | 12.70 | 15.37 | 0.500 | 0.605
oi 14] | ertl B | 36.45 | 37.85 | 1.435 | 1.490
T C | 254BSC 0.100 BSC
D | 1.27 | 1.65 | 0.050 | 0.065
. E | 038 | 056 | 0.015 | 0.022
) B _ A F [ 051 | 1.27 [ 0.020 | 0.050
e G | 406 | 584 | 0.160 | 0.230
"\u EF £H l‘: 25902 412? 0.; :5 0.115600
Y ogmme T RO TR
NOTES: PLANE 2010 008 1.0
1. POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN
0.13MM (0.005") AT MAXIMUM MATERIAL CONDITION, IN
RELATION TO SEATING PLANE AND EACH OTHER.
2. DIMENSION K TO CENTER OF LEADS WHEN FORMED PARALLEL.
aanan MILLIMETERS | INCHES
A 14 bi DIM | MIN | MAX | MIN | MAX
A A A Pla';':?c DIP A [ 610 | 6.60 | 0.240 | 0.260
B | 18.54 | 19.56 | 0.730 | 0.770
C | 1.65 | 2.16 | 0.065 | 0.085
B— . - L D | 254BSC 0.100 BSC
A E)\ E | 1.02 | 1.78 | 0.040 | 0.070
Gf FJ | F | 038 | 053 | 0.015 | 0.021
,l Rl ool Kolke ok G | 051 | 1.02 | 0.020 | 0.040
C D E F SEATING H | 381 | 508 | 0.150 | 0.200
NOTES: PLANE 292 343 1 0115 0135
1. POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN L T 76285C 0.300B5C
0.13MM (0.005") AT MAXIMUM MATERIAL CONDITION, IN M 0.20 | 0.38 0.008 | 0.015
RELATION TO SEATING PLANE AND EACH OTHER.
2. DIMENSION L TO CENTER OF LEADS WHEN FORMED PARALLEL.
3. DIMENSION A DOES NOT INCLUDE MOLD FLASH.
T MILLIMETERS | _INCHES
1A 18 pin DIM| MIN [ MAX | MIN | MAX
AR A Plastic DIP A | 610 | 6.60 [ 0.240 [ 0.260
Sreg s e
L [t D | 254B5C 0.100 BSC
Wﬁﬁfﬂﬁ? LE H ﬂ E | 1.27 | 1.78 | 0.050 | 0.070
Gf FJ F | 036 | 056 | 0.014 | 0.022
,l kol Pl | Kelle ok G | 051 [ 1.02 | 0.020 | 0.040
C DE F SEATING H | 3.56 | 4.57 | 0.140 | 0.180
NOTES: PLANE A3 e ls L 0135
1. POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN L 7638SC 0300850
0.25MM (0.010") AT MAXIMUM MATERIAL CONDITION, IN M 1020 [ 038 10008 | 0045
RELATION TO SEATING PLANE AND EACH OTHER.
2. DIMENSION L TO CENTER OF LEADS WHEN FORMED PARALLEL.
3. DIMENSION A DOES NOT INCLUDE MOLD FLASH.
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24 13]] 24 pin

o1 12 Plastic DIP
[-————B-——*| L

. = ]

J Gf {J

feol fof fe—sile- K M
C DE F SEATING

PLANE

NOTES:

1. POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN

0.25MM (0.010") AT MAXIMUM MATERIAL CONDITION, IN
RELATION TO SEATING PLANE AND EACH OTHER.
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2. DIMENSION L TO CENTER OF LEADS WHEN FORMED PARALLEL.

3. DIMENSION A DOES NOT INCLUDE MOLD FLASH.

LN NN NP NP N N L N N NP Y

2 15
%8 h 28 pin
01 14 JL Plastic DIP
le B o L
; e
3 FH
fool of fesfle- Kl MY
CDEF SEATING
NOTES: PLANE

1. POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN
0.25MM (0.010") AT MAXIMUM MATERIAL CONDITION, IN
RELATION TO SEATING PLANE AND EACH OTHER.

2. DIMENSION L TO CENTER OF LEADS WHEN FORMED PARALLEL.

3. DIMENSION A DOES NOT INCLUDE MOLD FLASH.

A M AN NN AN NN

>40 21 40 pin
Plastic DIP
1
%_VVVVVVVVVVVVVVVVVVZNA‘O_L
N B 1 L
) e
4 |H
N — ‘E \
ool o sfle K e 4
CDEF SEATING
NOTES: PLANE

1. POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN
0.25MM (0.010") AT MAXIMUM MATERIAL CONDITION, IN
RELATION TO SEATING PLANE AND EACH OTHER.

2. DIMENSION L TO CENTER OF LEADS WHEN FORMED PARALLEL.

3. DIMENSION A DOES NOT INCLUDE MOLD FLASH.

MILLIMETERS INCHES
DIM| MIN MAX MIN MAX
A 13.72 | 14.22 | 0.540 | 0.560
B | 31.37 [ 3213 | 1.235 | 1.265
C 1.65 2.16 | 0.065 | 0.085
D 2.54 BSC 0.100 BSC
E 1.02 1.52 0.040 | 0.060
F 0.36 0.56 | 0.014 | 0.022
G 0.51 1.02 | 0.020 | 0.040
H 3.94 | 5.08 | 0.155 | 0.200
J 2092 | 343 [ 0.115] 0.135
K 0° 15° 0° 15°
L 15.24 BSC 0.600 BSC
M 0.20 [ 0.38 | 0.008 [ 0.015
MILLIMETERS INCHES
DIM|{ MIN MAX MIN MAX
A | 13.72 | 1422 | 0.540 | 0.560
B | 36.45 | 37.21 | 1.435 | 1.465
C 165 | 2.16 [ 0.065 | 0.085
D 2.54 BSC 0.100 BSC
E 1.02 1.52 | 0.040 | 0.060
F 0.36 | 0.56 | 0.014 | 0.022
G 0.51 1.02 | 0.020 [ 0.040
H 3.94 | 5.08 | 0.155 | 0.200
J 292 | 343 | 0.115 ] 0.135
K 0° 15° 0° 15°
L 15.24 BSC 0.600 BSC
M 0.20 | 0.38 [ 0.008 | 0.015
MILLIMETERS INCHES
DIM| MIN MAX MIN MAX
A | 13.72 | 14.22 | 0.540 | 0.560
B | 51.69 | 52.45 [ 2.035 | 2.065
[of 1.65 | 2.16 | 0.065 | 0.085
D 2.54 BSC 0.100 BSC
E 1.02 | 1.52 | 0.040 | 0.060
F 0.36 | 0.56 | 0.014 | 0.022
G 0.51 1.02 | 0.020 | 0.040
H 394 | 5.08 | 0.155 | 0.200
J 2.92 | 3.43 | 0.115] 0.135
K 0° 15° 0° 15°
L 15.24 BSC 0.600 BSC
M | 0.20 | 0.38 | 0.008 [ 0.015

MD3
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For MECHANICAL DATA

P WL
) 8 5 TA 8 i
pin
o1 4 MILLIMETERS INCHES
e Plastic DIP DIM [ MIN | MAX | MIN | MAX
. A | 6.10 | 6.60 | 0.240 | 0.260
|‘_ B B | 9.14 | 10.2 | 0.360 | 0.400
—r C | 0.38 | 152 | 0.015 | 0.060
L [H D 2.54 BSC 0.100 BSC
- E | 1.02 | 1.78 | 0.040 [ 0.070
J G Y F | 038 | 053 | 0.015 | 0.021
= e G | 051 | 1.02 | 0.020 | 0.040
c l' "D L’“F' SEATING ﬂK M H | 3.81 | 5.08 | 0.150 | 0.200
NOTES: PLANE Lol2gr 343 015 01
1. POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN L 769856 0.300B5C
0.13MM (0.005") AT MAXIMUM MATERIAL CONDITION, IN M | 020 | 038 ] 0008 [ 0.0i5

RELATION TO SEATING PLANE AND EACH OTHER.
2. DIMENSION L TO CENTER OF LEADS WHEN FORMED PARALLEL.
3. DIMENSION A DOES NQOT INCLUDE MOLD FLASH.

e
NO. OF A B c

TERMINAL| MIN  MAX| MIN  MAX| MIN  MAX | !
o8 |1232 1257[11.43 1158[991 1092 [ I
(0.485) (0.495){(0.450)(0.456 ) (0.390) (0.430) i ]

44 | 1740 1765|1651 16661498 16.00 0 1B A
(0.685)(0.695) (0.650)(0.656)| (0.590)(0.630) [ !
28/a4pin | I

. . 462(0182) PLCC
411(0.162) @)

) 1.14(0.045) =
1.27(0.050) —| 0.63 (0.025) 1.14 (0.045) x 45deg
x45deg.NOM 241 (0.095) g __NOM

-'i 241 0. 0.25,\(/&?(10){. A
i
i
[
¢ :
=S £ 1.35 (0.053
T | 046(0018) 1‘213%0?7;
. 0.33(0.013) i
3 NOM f
3°NOM

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES.
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SALES REPRESENTATIVES

UNITED STATES

WESTERN AREA
Crystal Semiconductor Corp.
1737 No. 1st Street, Suite 300
San Jose, CA 95112

Ph: 408-436-5770

FAX: 408-436-5735

CENTRAL AREA
Crystal Semiconductor Corp.
4210 So. Industrial Dr.
Austin, TX 78744

Ph: 512-445-7222

FAX: 512-445-7581

EASTERN AREA

Crystal Semiconductor Corp.
8601 Six Forks Rd., Suite 703
Raleigh, NC 27615

Ph: 919-846-4832

FAX: 919-846-4839

Crystal Semiconductor Corp. Crystal Semiconductor Corp.
27281 Las Ramblas, Suite 200 790 Turnpike St. #202
Mission Viejo, CA 92691 North Andover MA 01845
Ph: 714/348-8770 Ph: 508-794-1194

FAX: 714/348-9556 FAX 508-685-7107
ALABAMA CALIFORNIA COLORADO

The Novus Group Earle Associates, Inc. Candal, Inc.

2905 Westcorp Blvd., Suite 120
Huntsville, AL 35805

Ph: 205-534-0044

FAX: 205-534-0186

ALASKA

Electronic Engineering Sales

17020 S.W. Upper Boones Ferry Rd.,
Suite 301

Portland, OR 97224

Ph: 503-639-3978

FAX: 503-684-3326

ARIZONA
Call Crystal Western Area Office
Ph: 408-436-5770

ARKANSAS

TL Marketing, Inc.

12200 Stemmons Frwy, Suite 317
Dallas, TX 75234

Ph: 214-484-6800

FAX: 214-241-9315

7585 Ronson Road, Suite 200
San Diego, CA 92111

Ph: 619-278-5441

FAX: 619-278-5443
Easylink: 62835672

Bager Electronics

17220 Newhope St., Suite 209
Fountain Valley, CA 92708
Ph: 714-957-3367

FAX: 714-546-2654

Bager Electronics

6324 Variel Avenue, Suite 314
Woodland Hills, CA 91367
Ph: 818-712-0011

FAX: 818-712-0160

NORCOMEP, Inc.

3350 Scott Blvd., #24
Santa Clara, CA 95054
Ph: 408-727-7707
FAX: 408-986-1947

NORCOMP, Inc.

2140 Professional Dr. #200
Roseville, CA 95661

Ph: 916-782-8070

FAX: 916-782-8073

2901 S. Colorado Blvd., Suite A
Denver, CO 80222

Ph: 303-692-8484

FAX: 303-692-8416

CONNECTICUT
Alpha-Omega Sales Corp.
325 Main St., Suite 301
North Reading, MA 01864
Ph: 508-664-1118

FAX: 508-664-3212

DELAWARE
Vantage Sales Company
1930 E. Marlton Pike
Cherry Hill, NJ 08003
Ph: 609-424-6777
FAX: 609-424-8909

DISTRICT OF COLUMBIA
New Era Sales, Inc.

678 Ritchie Highway

Severna Park, MD 21146

Ph: 301-544-4100

FAX: 301-544-6092

SRL7.0 (4/15/91)
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SALES REPRESENTATIVES

FLORIDA

CM Marketing, Inc.

1435-D Gulf to Bay Boulevard
Clearwater, FL. 34615

Ph: 813-443-6390

FAX: 813-443-6312

CM Marketing, Inc.

2020 West McNab Rd.
Suite 126

Ft. . Lauderdale, FL 33309
Ph: 305-973-9375

FAX: 305-973-9386-

CM Marketing, Inc.

445 Douglas Ave.

Suite 1455-E

Altamonte Springs, FL 32714
Ph:407-682-7709

FAX: 407-682-7995

GEORGIA

The Novus Group :
6115-A Oakbrook Parkway
Norcross, GA 30093

Ph: 404-263-0320

FAX: 404-263-8946

HAWAII
Call Crystal Head Office
Ph: 512-445-7222

IDAHO

Anderson Associates

270 South Main Street, Suite 108
Bountiful, UT 84010

Ph: 801-292-8991

FAX: 801-298-1503

Electronic Engineering Sales

17020 S.W. Upper Boones Ferry Rd,
Suite 301

Portland, OR 97224

Ph: 503-639-3978

FAX: 503-684-3326

ILLINOIS (NORTH)
Micro Sales Inc.

901 W. Hawthorne

Itasca, IL 60143

Ph: 708-285-1000

FAX: 708-285-1008 .

ILLINOIS (SOUTH)
Stan Clothier Co.

3910 Old Hwy. 94 S.
Suite 116

St. Charles, MO 63303
Ph: 314-928-8078

FAX: 314-447-5214

INDIANA

JMK Electronics
7838 Laurel Ave.
Cincinnati, OH 45243
Ph: 513-271-3860
FAX: 513-271-6321

IOWA

Stan Clothier Co.

1930 St. Andrews N.E.
Cedar Rapids, Iowa 52402
Ph: 319-393-1576

FAX: 319-393-7317

KANSAS

Stan Clothier Co.
805 S. Clairborne
Olathe, KS 66062
Ph: 913-829-0073
FAX: 913-829-0429

KENTUCKY

JMK Electronics

7838 Laurel Ave.
Cincinnati, OH 45243
Ph: 513-271-3860
FAX: 513-271-6321

LOUISIANA

TL Marketing, Inc.

14343 Torrey Chase Blvd, Suite 1
Houston, Texas 77014

Ph: 713-589-8100

FAX: 713-580-7517

MAINE

Alpha-Omega Sales Corp.
325 Main St, Suite 301
North Reading, MA 01864
Ph: 508-664-1118

FAX: 508-664-3212

MARYLAND

New Era Sales, Inc.

678 Ritchie Highway
Severna Park, MD 21146
Ph: 301-544-4100

FAX: 301-544-6092

MASSACHUSETTS
Alpha-Omega Sales Corp.
325 Main St, Suite 301
North Reading, MA 01864
Ph: 508-664-1118

FAX: 508-664-3212

MICHIGAN

J.M.J. & Associates, Inc.
678 Front St., Suite 150
Grand Rapids MI 49504
Ph: 616-774-9480

FAX: 616-454-2680

MINNESOTA

The Twist Company

12800 Industrial Park Blvd., Suite 150
Plymouth, MN 55441

Ph: 612-550-0922

FAX: 612-550-0925

MISSISSIPPI

The Novus Group

2905 Westcorp Blvd, Suite 120
Huntsville, AL 35805

Ph: 205-534-0044

FAX: 205-534-0186

MISSOURI

Stan Clothier Co.
3910 Old Hwy. 94 S.
Suite 116

St. Charles, MO 63303
Ph: 314-928-8078
FAX: 314-447-5214

13-4
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MONTANA

Electronic Engincering Sales
8405 165th Avenue NE
Redmond, WA 98052

Ph: 206-883-3374

Fax: 206-882-1347

Candal, Inc.

2901 S. Colorado Blvd., Suite A
Denver, CO 80222

Ph: 303-692-8484

FAX: 303-692-8416

NEBRASKA
Stan Clothier Co.
805 S. Clairborne
Olathe, KS 66062
Ph: 913-829-0073
FAX: 913-829-0429

NEVADA
NORCOMP, Inc.

3350 Scott Blvd., #24
Santa Clara, CA 95054
Ph: 408-727-7707
FAX: 408-986-1947

NEW HAMPSHIRE
Alpha-Omega Sales Corp.
325 Main St, Suite 301
North Reading, MA 01864
Ph: 508-664-1118

FAX: 508-664-3212

NEW JERSEY (NORTH)
HILM Associates

333 Littleton Rd.

Parsippany, NJ 07054

Ph: 201-263-1535

FAX: 201-263-0914

NEW JERSEY (SOUTH)
Vantage Sales Company

1930 E. Marlton Pike

Cherry Hill, NJ 08003

Ph: 609-424-6777

FAX: 609-424-8909

NEW MEXICO
Call Crystal Head Office
Ph: 512-445-7222

NEW YORK

HLM Associates

64 Mariners Lane
Northport, NY 11768
Ph: 516-757-1606
FAX: 516-757-1636

Bob Dean, Inc.

2415 North Triphammer Road
P.O.Box E

Ithaca, NY 14851

Ph: 607-257-1111

FAX: 607-257-3678

Bob Dean, Inc.

Suite 1D, Hollowbrook Park
15 Myers Comner Road
Wappingers Falls, NY 12590
Ph: 914-297-6406

FAX: 914-297-5676

NORTH CAROLINA
The Novus Group

102L Commonwealth Ct.
Cary, NC 27511

Ph: 919-460-7771

FAX: 919-460-5703

OHIO (South)
JMK Electronics

7838 Laurel Ave.
Cincinnati, OH 45243
Ph: 513-271-3860
FAX: 513-271-6321

JMK Electronics

2912 Springboro West, Suite 106
Dayton, OH 45439

Ph: 513-299-5388

FAX: 513-271-6321

OHIO (North)

JMK Electronics

7050 Engle Rd., Suite 100
Middleburg Heights, OH 44130
Ph: 216-234-1202

FAX: 216-234-1912

OKLAHOMA
TL Marketing, Inc.

SALES REPRESENTATIVES

12200 Stemmons Frwy, Suite 317

Dallas, Texas 75234
Ph: 214-484-6800
FAX: 214-241-9315

OREGON
Electronic Engineering Sales

17020 S.W. Upper Boones Ferry Rd.,

Suite 301

Portland, OR 97224
Ph: 503-639-3978
FAX: 503-684-3326

PENNSYLVANIA

JMK Electronics

7050 Engle Rd., Suite 100
Middleburg Heights, OH 44130
Ph: 216-234-1202

FAX: 216-234-1910

Vantage Sales Company
1930 E. Marlton Pike
Cherry Hill, NJ 08003
Ph: 609-424-6777
FAX: 609-424-8909

SRL7.0 (4/15/91)
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SALES REPRESENTATIVES

RHODE ISLAND
Alpha-Omega Sales Corp.
325 Main St, Suite 301
North Reading, MA 01864
Ph: 508-664-1118

FAX: 508-664-3212

SOUTH CAROLINA
The Novus Group

102L Commonwealth Ct.
Cary, NC 27511

Ph: 919-460-7771

FAX: 919-460-5703

SOUTH DAKOTA

The Twist Co.

12800 Industrial Park Blvd., Suite 150
Plymouth, MN 55441

Ph: 612-550-0922

FAX: 612-550-0925

TENNESSEE (WEST)
The Novus Group

2905 Westcorp Blvd., Suite 120
Huntsville, AL 35805

Ph: 205-534-0044

FAX: 205-534-0186

TENNESSEE (EAST)
The Novus Group

6115-A Oakbrook Parkway
Norcross, GA 30093

Ph: 404-263-0320

FAX: 404-263-8946

TEXAS

TL Marketing, Inc.

12015 Park 35 Circle, Suite 224
Austin, Texas 78753

Ph: 512-837-7272

FAX: 512-837-6886

TL Marketing, Inc.

14343 Torrey Chase Blvd., Suite 1
Houston, Texas 77014

Ph: 713-587-8100

FAX: 713-580-7517

TL Marketing

12200 Stemmons Frwy, Suite 317
Dallas, Texas 75234

Ph: 214-484-6800

FAX: 214-241-9315

UTAH

Anderson Associates

270 South Main Street, Suite 108
Bountiful, UT 84010

Ph: 801-292-8991

FAX: 801-298-1503

VERMONT
Alpha-Omega Sales Corp.
325 Main St, Suite 301
North Reading, MA 01864
Ph: 508-664-1118

FAX: 508-664-3212

VIRGINIA

New Era Sales, Inc.

801 West Main Street
Charlottesville, VA 22901
Ph: 804-979-2470

FAX: 804-979-2958

WASHINGTON
Electronic Engineering Sales
8405 165th Avenue NE
Redmond, WA 98052

Ph: 206-883- 3374

FAX: 206-882-1347

WEST VIRGINIA
JMK Electronics

7838 Laurel Ave..
Cincinnati, Ohio 45243
Ph: 513-271-3860
Fax: 513-271-6321

WISCONSIN (S.E.)

Micro Sales, Inc.

16800 W. Greenfield Ave., Suite 116
Brookfield, WI 53005

Ph: 414-786-1403

FAX: 414-786-1813

WISCONSIN (N.W.)
The Twist Co.

12800 Industrial Park Blvd.
Suite 150

Plymouth, MN 55441

Ph: 612-550-0922

FAX: 612-550-0925

WYOMING

Candal, Inc.

2901 S. Colorado Blvd.
Suite A

Denver, CO 80222°
Ph: 303-692-8484
FAX: 303-692-8416

13-6
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SALES REPRESENTATIVES

U. S. DISTRIBUTORS

ALABAMA

Reptron Electronics

4950 Corporate Drive, Suite 105C
Huntsville, AL 35805

Ph: 205-722-9500

FAX: 205-722-9565

ARIZONA

Insight Electronics

Tempe, AZ

1525 W. University Drive, Suite 103
Tempe, AZ 85281

Ph: 602-829-1800

Ph: 602-792-1800 (Tucson)

Ph: 505-823-1800 (New Mexico)
FAX: 602-967-2658

CALIFORNIA

(Los Angeles)

Insight Electronics

28038 Dorothy Drive Suite 2
Agoura, CA 91301

Ph: 818-707-2100 (San Fernando
Valley)

Ph: 805-484-9599 (Ventura Co.)
Ph: 213-466-1196 (LosAngeles)
Ph: 818-358-0389 (San Gabriel)
FAX: 818-707-0321

(Orange County)

Insight Electronics

75635 Alton Parkway, Suite 120
Irvine, CA 92718

Ph: 714-556-6890

Ph: 714-727-2111 (Irvine)

FAX: 714-727-1804

Insight Electronics
6885 Flanders Drive
San Diego, CA 92121
Ph: 619-587-0471
FAX: 619-587-1380

Merit Electronics

2070 Ringwood Avenue
San Jose, CA 95131

Ph: 408-434-0800
FAX: 408-434-0935

FLORIDA

Reptron Electronics

3320 N.W. 53rd St., Suite 206
Fort Lauderdale, FL 33309
Ph: 305-735-1112

FAX: 305-735-1121

Reptron Electronics
14401 McCormick Dr.
Tampa, FL 33626

Ph: 813- 855-4656
FAX: 813-855-7660

GEORGIA

Reptron Electronics

3040 Business Park, Suite H
Norcross, GA 30071

Ph: 404-446-1300

FAX: 404-446-2991

ILLINOIS

(Chicago)

Reptron Electronics

1000 E. State Parkway, Suite K
Schaumburg, IL 60195

Ph: 708-882-1700

FAX: 312-882-8904

MARYLAND

Nu-Horizons Electronics

8975 Guilford Road, Suite 120
Columbia, MD 21046

Ph: 301-995-6330

FAX: 301-995-6332

MASSACHUSETTS
North Star Electronics
100 Research Dr.
Wilmington, MA 01887
Ph: 508-657-5155

FAX: 508-657-6559

MICHIGAN
(Detroit)

Reptron Electronics
34403 Glendale
Livonia, MI 48150
Ph: 313-525-2700
FAX: 313-525-3209

MINNESOTA
(Minneapolis)

Reptron Electronics
5929 Baker Road
Minnetonka, MN 55345
Ph: 612-938-0000
FAX: 612-938-3995

NEW JERSEY
Nu-Horizons Electronics
39 U.S. Route 46

Pine Brook, NJ 07058
Ph: 201-882-8300

FAX: 201-882-8398

Nu- Horizons
2002C Greentree
Executive Campus
Marlton, NJ 08058
Ph: 609-596-1833
FAX: 609-596-0612

NEW YORK
Nu-Horizons Electronics
6000 New Horizons Blvd.
North Amityville, NY 11701
PH: 516-226-6000

FAX: 516-226-6140

Nu-Horizons Electronics
100 Bluff Drive
Rochester, NY 14445
Ph: 716-248-5980

FAX: 716-248-9132

SRL7.0 (4/15/91)
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SALES REPRESENTATIVES

U. S. Distributors (Cont.)

NORTH CAROLINA
Reptron Electronics
5954-A Six Forks Rd.
Raleigh, NC 27609

Ph: 919-870-5189

FAX: 919-870-5210

OHIO

(Cleveland)

Reptron Electronics
30640 Bainbridge Rd.
Solon, OH 44139

Ph: 216-349-1415
FAX: 216-349-1634

(Columbus)
Reptron Electronics

404 E. Wilson Bridge Rd, Suite A

Worthington, OH 43085
Ph: 614-436-6675

OREGON

Insight Electronics :

10260 S.W. Numbus, Suite M10
Tigard, OR 97223

Ph: 503-620-8080

FAX: 503-620-1174

PENNSYLVANIA

Nu-Horizons Electronics

2002C Greentree Executive Campus
Marlton, NJ 08053

Ph: 215-557-6450

FAX: 609-596-0612

TEXAS

(Dallas)

Insight Electronics

1778 N. Plano Road, Suite 320
Richardson, TX 75081

Ph: 214-783-0800 (Richardson)
Ph: 817-338-0800 (Ft. Worth)
FAX: 214-680-2402

Insight Electronics
15437 McKaskle
Sugarland, TX 77478
Ph: 713-448-0800

Insight Electronics

12703A Research Blvd., Suite I
Austin, Tx 78759

Ph: 512-335-3707

FAX: 512-331-5811

FAX: 614-436-4285 WASHINGTON
Insight Electronics
12002 115th Ave. N.E.
Kirkland, WA 98034
Ph: 206-820-8100
FAX: 206-821-2976
CANADA
BRITISH COLUMBIA ONTARIO QUEBEC
MIRIKA Electronics Canadian Marketing Technologies Canadian Marketing Technologies
84 Woodland Dr. 7560 Airport Rd., Unit # 15 6600 TransCanada Hwy., Suite 300
Delta, BC Mississauga, Ontario Pointe Claire, Quebec
Canada, V4L 2C1 Canada, LAT 4H4 Canada ,H9R 4S2
Ph: 604-943-5020 Ph: 416-612-0900 Ph: 514-694-6088

FAX: 604-943-8184 -

FAX: 416-612-0905

Canadian Marketing Technologies
135 Michael Cowpland Dr., Suite 20
Kanata, Ontario

Canada, K2M 2E9

Ph: 613-591-9555

FAX: 613-591-9553

FAX: 514-694-1686

13-8
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SALES REPRESENTATIVES

EUROPE

Crystal Semiconductor (UK) Ltd.
Lyons House

2 Station Road

Frimley

Surrey GU165SHF

Ph: +44(0276)685761

FAX: +44(0276)691090

AUSTRIA

Hitronik

St. Veitgasse 51

A-1130 Wien

Austria

Ph: +43(0222)824199
FAX: +43(0222)8285572
TLX: 847-134404

BELGIUM

Alcom Electronics
Platanenlaan 68

2610 Wilrijk

Belgium

Ph: +32(0382)83880
FAX: +32(0383)05186

DENMARK
Scansupply A/S
Nannasgade 18-20
DK-2200 Copenhagen-N,
Denmark

Ph: +45(31)835090
FAX: +45(31)832540
TLX: 19037

Scansupply A/S
Marselisborg
Haunevej 36

8000 Arhus C
Denmark

Ph: +45 86 127788
FAX+45 86 127718

FINLAND

Oy Ferrado AB
Valimotie 1A

P.O. Box 54
SF-00381 Helsinki
Finland

Ph: +358(0)550002
FAX: +358(0)551117
TLX: 122214

FRANCE

Newtek S. A.

8, Rue De L’Esterel
Silic 583

94663 Rungis Cedex
France

Ph: +33(01468)72200
FAX: +33(014687)8049
TLX: 842-263046

HOLLAND

Alcom Electronics BV
Essebaan 1

2908 LJ Capelle A/D USSEL
Holland

Ph: +31(010)4519533

FAX: +31(010)4586482

ISRAEL

Telsys

Atidim Industrial Park Bldg. 3
Dvora Hanevia St., Neve Sharet,
Tel-Aviv 61431, Israel

Ph: +972(03)492001

TLX: 32392 and 371279

FAX: +972(03)497407

ITALY

Kontron Electronics S.r.l.
Via G. Fantoli 16/15
20138 Milano

Italy

Ph: +39(02)50722284
FAX: +39(02)50722129

NORWAY

OTE Komponent

P. O. Box 200
Leirdal

1011 Oslo 10
Norway

Ph: +47(02)306600
FAX: +47(02)321360

SPAIN

Comelta S A

Emilio Munoz 14
Nave 1-1-2

Madrid 28037

Spain

Ph: +34 13270614
FAX: +34 13270540

Comelta, SA

Pedro 1V, 84-5A Planta
Barcelona 08005

Spain

Ph: +34 33007712
FAX: +34 33005156

SRL7.0 (4/15/91)
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SALES REPRESENTATIVES

EUROPE (Cont.)
PORTUGAL SWITZERLAND W. GERMANY
Comelta LDA Memotec AG Atlantik Elektronik GmbH
Rua Delcabo Verde Gaswerkstrasse 32 Fraunhofer Strasse, 11A
Lote 113, LOJA P. O. Box 8033 Martinsried
Prior Velho 4901 Langenthal Munich, W. Germany
2685 SACAVEM Switzerland Ph: +49(089)8570000
Portugal Ph: +41(063)281-122 FAX: +49(089)8573702

Ph: +351(01)942 4106
FAX: +351(01)942 4155

SWEDEN

Ab Gosta Backstrom
Alstromergatan 22
P.O. Box 12009
10221 Stockholm
Sweden

Ph: +46(08541)080
FAX: +46(08531)251
TLX: 10135

FAX: +41(063)223-506
TLX: 845-982550

UNITED KINGDOM
Sequoia Technology Ltd.
Unit 5

Bennet Place

Bennet Road

Reading

Berks RG2 0QX

United Kingdom

Ph: +44(0734)311822
FAX: +44(0734)312676

TLX: 841-521-5111

13-10
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SALES REPRESENTATIVES

FAR EAST

AUSTRALIA

ACD Itronics

Unit 1, 106 Belmore Rd. Nth.

P. O. Box 402

Riverwood, N. S. W. 2210, Australia
Ph: +61(02)534-6200

TLX: AA121398

FAX: +61(02)534-491

ACD Itronics (Pegasus)

Unit 2, 17-19 Melrich Road
Bayswater, Victoria, 3153, Australia
Ph: +61(03)762-7644

FAX: +61(03)762-5446

HONG KONG

CET Ltd.

22/F Chuang’s Finance Centre
81-85 Lockhart Road

Hong Kong

Ph: (852)520-0922

FAX: (852)865-0639

JAPAN

Asahi Kasei Microsystems Co., Ltd.
Yoyogi Community Bldg. 3F

11-2, Yoyogi 1-Chome,
Shibuya-ku, Tokyo , Japan

Ph: +81(03)320-2062

FAX:+ 81(03)320-2072/73

TLX: 222-2792 - AKMCJ

KOREA

Hanaro Corp.

Hana Bldg, 122-30 Chungdam-Dong
Gangnam-Ku, Seoul, Korea 135-100
Youngdong P. O. Box 1588 Seoul,
Korea 135-615

Ph: +82(02)558-1144

FAX: +82(02)558-0157

TLX: K26376 HANARO

MALAYSIA

DCP (M) SDN BHD
6th Floor, Wisma Denko
41, Aboo Sitee Lane
10400 Penang, Malaysia
Ph: +604-363376

FAX: +604-376466

TAIWAN

Morrihan International Corp.
8F-5 No. 57 Fu-Hsing N. Rd.,
Taipei, Taiwan, R. O. C.

Ph: +886(02)752-2200

FAX: +886(02)741-4690
TLX: 20422 MORRIHAN
Taichung Branch

Ph: +886(04)224-6666

SINGAPORE

Dynamar Computer Products, Pte Ltd.
109 Defu Lane 10

Singapore 1953

Ph: +65-281-3388

FAX: +65-281-3437

THAILAND

Dynamar Computer Systems
Unit 7-B T.R.S. Building

21/7 Vipawadee Rangsit Road
Lardyao, Bangkhen

Bangkok 10900

Thailand

Ph: +662-278-3690

FAX: +662-271-3815
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CRYSTAL SEMICONDUCTOR CORPORATION
P.O. Box 17847

4210 S. Industrial Dr.

Austin, Texas 78744

1990 TDB4.1

Tel:

Fax:

(512) 445-7222
(800) 888-5016
(512) 445-7581





