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Figure 4. Rise Time Dispersion.

Whether the dispersion is material or modal (or both), itis
measured, as shown in Figure 4, by applying positive and
negative steps of flux and measuring the rise and fall times
at the input and output of a fiber long enough to exhibit
significant dispersion. Time dispersion is then defined as

(9) RISE TIME DISPERSION
At 1
== (ns/km) =——[(tr + t¢ — (tr + t5
2 ( ) 2% [(tr Jout — (tr ind

where £ is the length (in kilometres) of the fiber and tr,
tr are the 10% to 90% rise and fall times.

Flux steps, rather than pulses, are used to avoid incorrect
results that source or detector rise and fall times might
introduce. Both polarities of step are recommended in
order to compensate for non-linearity in either the source
or the detector used.

Modulation frequency response of a fiber has a 6dB per
octave roll-off, so the effect of rise time dispersion can
also be described in terms of alength-bandwidth product:

(10) 3dB BANDWIDTH CONSTANT = Af-2= 0‘3573%

Construction of Fiber Optics

Fibers having a sharp boundary between core and
cladding, as in Figure 2, are called STEP INDEX fibers.
The reflection at the boundary is not a “zero-distance”
phenomenon — the ray, in being reflected, is actually
entering a minute distance into the cladding and there is
some loss. This loss can be seen as a faint glow along the
length of unjacketed lossy fibers carrying visible flux. To
reduce such reflection loss, it is possible to make the rays
turn less sharply by reducing the index of refraction
gradually, rather than sharply, from core to cladding. A
fiber of such a form is called a GRADED INDEX fiber and
the rays propagate as shown in Figure 5. Graded index
fiber has not only a very low transmission loss, but modal
dispersion is also very low. Higher-order modes do travel
longer paths, but in the off-axis, lower-index regions they
travel faster so the travel time differential between
high-order and low-order modes is not as large as it is in
step index fibers.

Graded index fiber has higher coupling loss and may be
more costly than step index fiber. It is, therefore, used
mainly in applications requiring transmission over many
kilometres at modulation bandwidths over 50MHz. For
shorter distances and/or lower bandwidths, a variety of
step index fibers are available at a variety of costs.

Figure 6 shows the construction of a Hewlett-Packard
fiber optic cable. Over the fused-silica, step-index, glass-
clad fiber there is a silicone coating to protect the thin
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Figure 6. Step Index Fiber Optic Cable Construction.
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Figure 5. Graded Index Fiber Modes.
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(20pm) cladding from scuffing. Over the buffer jacket
are the tensile strength members, which allow the cable to
be pulled through long conduits, and an outer jacket to
protect the cable against crush and impact damage. This
cable tolerates far more abuse than most wire cable. A
sample was laid across the main entrance to the Hewlett-
Packard headquarters and factory at 1501 Page Mill Road,
Palo Alto. After several weeks of being driven over, night
and day, there was no impairment of performance.

Other materials used in step index fibers are glass-clad
glass, plastic-clad glass or fused silica, and plastic-clad
plastic. These have N.A.'s ranging from less than 0.2 to
more than 0.5, and transmission losses from less than
10dB/km to more than 1000dB/km. Some manufacturers
offer bundled fibers in which the individual glass fibers are
small enough to allow the cable to be very flexible. In
earlier days of fiber optic development, bundled fibers
were considered necessary for reliability because
breakage of one or more fibers could be tolerated without
total loss of signal transmission. Also, the large diameter
of the fiber bundle allowed more tolerance in connector
alignment. The popularity of fiber bundles has dwindled
because the single-fiber cable durability is better than had
been anticipated, and connectors are now available which
are capable of providing the precise alignment required
for low coupling loss with small-diameter single fibers.

Flux Budgeting

Flux requirements for fiber optic systems are established
by thecharacteristics of the receiver noise and bandwidth,
coupling losses at connectors, and transmission loss in
the cable.

The flux level at the receiver must be high enough that the
signal-to-noise ratio (SNR) allows an adequately low
probability of error, Pe. In the Hewlett-Packard fiber optic
system, the receiver bandwidth and noise properties allow
a Pe <107 with a receiver input flux of 0.8uW under worst-
case conditions. At higher flux levels, the Pe is reduced.

From the receiver flux requirement (for given Pe), the flux
which the transmitter must produce is determined from
the expression for a point-to-point system:

(11) 10 log ( :_; ) = a0+ agg + acr + nagg + ay

where ¢t is the flux (in uW) available from the transmitter
¢R is the flux (in uW) required by the Receiver at Pe
ag is the fiber attenuation constant (dB/km)
€ is the fiber length (km)

atg is the Transmitter-to-Fiber coupling loss (dB)

acc is the Fiber-to-Fiber loss (dB) for in-line
connectors

n is the number of in-line connectors; n does not
include connectors at the transmitter and
receiver optical ports

agp is the Fiber-to-Receiver coupling loss (dB)

ay is the Margin (dB), chosen by the designer, by
which the Transmitter flux exceeds the system
requirement

Equation (11) is called the FLUX BUDGET and it is
represented graphically in Figure 7. The same basic units
(watts) are used for flux and for power, so it is correct and
convenient to express flux in “dBm”.
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Figure 7. Flux Budget — Graphical Representation.

(12) ¢(dBm) =10 log (i’%l)= 10 log

( ¢ (W) )
1000 W,
Here is an example of how the flux budget works:

1. Transmitter
2. Receiver

b =44uW < i )—14 39dB
@R = 1.6uW > 0log

Transmitter optical port: diameter = 200um, N.A. = 0.5

Optical fiber (in connector): core diam. = 100um, N.A. =
0.3
200 0.5
3. + =201 +20lo
e T @A T ANa T 20108 (wo) g (o 3)

= 6.02dB + 4.44dB = 10.46dB
Receiver optical port: diameter = 200um, N.A. = 0.5

4. Because the diameter and N.A. of the receiver are both
larger than those of the fiber, there is only a small
amount of Fresnel loss, making acr =~ 0.34dB

5. Apply equation (11) to see what the flux budget allows:

14.39dB = ¢pQ+ 10.46dB + nagc + 0.34dB + ay

agf+ nage + ay = (14.39 - 10.46 - 0.34)dB = 3.59dB

6. Assume a transmission distance of 35 metres at
20dB/km

=
=
=
[¥§)
Sk
-_—
-
==
a.
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If cable length selections are 10-, 25-, and 50-metre
lengths and connector loss is acc =2dB, then either of two
options may be chosen:

7. a) Use a 10m and 25m length with one connector:
agl+ age = (35m x 0.02dB/m) + 2dB = 2.7dB
This leaves oy = (3.59 - 2.7)dB = 0.89dB

7. b) Use a 50m length and no connector:
ap2=(50m x 0.02dB/m) = 1.0dB leaving a), =2.59dB

Unless there is some good reason (cost, convenience,
etc.) for choosing the 10m/25m option, it would be better
to select the 50-metre option because it allows a larger am.
In flux budgeting, a) should always be large enough to
allow for degradation of the efficiency of the flux
generator in the transmitter (LED, IRED, laser, etc.). On
the other hand, in dealing with more powerful trans-
mitters, oy must not be so large that it exceeds the
dynamic range of the receiver.

Dynamic Range

The dynamic range of the receiver must be large enough
to accommodate all the variables a system may present.
For example, if the system flexibility requirement is for
transmission distances ranging from 10 metres to 1000
metres with 12.5dB/km cable, and up to two in-line
connectors, the dynamic range requirement is:

ap 2= 1km x 12.5dB/km = 12.5dB
Nace =2 x 2dB = 4.0dB

apy = 3.0dB
thermal variations = _1.0dB(estimated)
20.5dB

Accommodating a 20dB optical power dynamic range
plus high sensitivity requires the receiver to have two
important features: automatic level control, and a-c
coupling or its equivalent. The a-c coupling keeps the
output of the amplifier at a fixed quiescent level, relative to
the logic thresholds, so that signal excursions as small as
the specified minimum can cause the amplifier output to
exceed the logic threshold. This function can also be
called d-c restoration.

ALC (automatic level control) adjusts the gain of the
amplifier. Low-amplitude excursions are amplified at full
gain; high-amplitude excursions are amplified at a gain
which is automatically reduced enough to prevent
saturation of the output amplifier. Saturation affects
propagation delay adversely so ALC is needed to allow
high speed performance at high, as well as low, signal
levels.

HEWLETT-PACKARD’S FIBER OPTIC SYSTEM

A number of objectives were established as targets for this
development. Convenience and simplicity of installation
and operation were the primary objectives, along with a
probability of error Pe < 10 at 10Mb/s NRZ, over
moderate distances. In addition, there were the traditional
Hewlett-Packard objectives of rugged construction and
reliable performance. Manufacturing costs had to be low
enough to make the system attractively priced relative to
its performance.

Electrical convenience is provided by several system
features. The Receiver and the Transmitter require only a
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single +5-volt supply. All inputs and outputs function at
TTL logic levels. No receiver adjustments are ever
necessary because the dynamic range of the Receiver is
21dB or more, accommodating fiber length variations as
well as age and thermal affects. When the system is
operated in its internally coded mode, it has NRZ
(arbitrarily timed data) capability and is no more
complicated to operate than a non-inverting logic
element. Built-in performance indicators are available in
the Receiver; the Link Monitor indicates satisfactory
signal conditions and the Test Point allows simple
periodic maintenance checks on the system’s flux margin.

There are also several optical and mechanical conven-
ience features. The optical ports of the Transmitter and
Receiver are well defined by optical fiber stubs built into
receptacles that mate with self-aligning connectors.
Low-profile packaging and low power dissipation permit
the modules to be mounted without heat-sink provision on
P.C. boards spaced as close as 12.5mm (0.5 in.).

The internally-coded mode of operation is the simplest
way to use the Hewlett-Packard system. This mode places
no restriction on the data format as long as either positive
or negative pulse duration is not less than the minimum
specified. The simplicity is achieved by use of a 3-level
coding scheme called a PULSE BI-POLAR (PBP) code.
This mode is selected simply by applying a logic low (or
grounding) to the Mode Select terminal on the Transmitter
— no conditioning signal or adjustment is necessary in the
Hewlett-Packard Receiver because it automatically
responds to the PBP code.

Transmitter Description

Figure 8 shows symbolically the logical arrangement of
the Transmitter, waveforms for the signal currents Ia and
Ig, and the resulting waveforms for the output flux. The
arrangement shown is logically correct but circuit details
are not actually realized as shown. For example, the
current sources actually have partial compensation for the
negative temperature coefficient of the LED (or IRED). In
Figure 8, there are five important things to notice.

First, notice that the bias current, Ic, is never turned off —
not even when the Transmitter is operated in the
externally coded mode (Mode Select “high”). Thisis done
to enhance the switching speed of the LED (or IRED) in
either internally- or externally-coded mode. The bias
current also stabilizes the flux excursion ratio (k in
Equation 14) symmetry in the internally-coded mode.

Second, notice that

¢, the low-level flux, is produced by Ic
¢\, the mid-level flux, requires Ig + Ic
¢4, the high-level flux, requires Ia+ Ig + Ic

As far as the Receiver is concerned, the excursion flux, A¢,
produced by switching Ia and Ig, is the important
parameter of the Transmitter. Average flux is, of course,
related to excursion flux but is not as important in
establishing the SNR of the system.

Third, notice that with Mode Select “low” and a 500kHz
signal at Data Input, there will be only one refresh pulse
generated in each logic state. The excursions (¢-¢y) and
(ém-¢) are nearly balanced so an average-reading flux
meter will indicate the mid-level flux, ¢y, within +0.6% or
-0.6% depending on whether the flux excursion ratio, k, is
at its maximum or at its minimum limit.
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Figure 8. Transmitter Block Diagram and Waveforms.

Fourth, notice that, with Mode Select “low”, any Data
Input transition (either H-L or L-H) retriggers the Refresh
Multivibrator to start a new train of pulses. All refresh
pulses for either logic state have the same duration. This
keeps the average flux very near the mid-level even when
the duration in either logic state of arbitrarily timed input
data is very short. Notice also that any refresh pulse is
overridden (abbreviated) by the occurrence of a Data
Input transition so there is no additional jitter when the
duration of the Data Input in either state is at or near the
same length of time as the refresh interval. The refresh
interval is very long, relative to the refresh pulse duration,
making a duty factor of approximately 2%; this also is done
to keep the average flux near mid-level regardless of how
long Data Input remains in either logic state. The only
condition under which the average flux can deviate
significantly from the mid-level occurs when Data Input
remains in one state for a period of time LESS than the
duration of the refresh pulse. If this is likely to occur, the
format should be configured so the numbers of 1’'sand0’s
are balanced as they would be in Manchester code.
Observing this data format allows the use of the internally-
coded mode of the Hewlett-Packard system at data rates
ranging from arbitrarily low to higher than 10M Baud, with
the absolute limit being that at which the signal intervals
become as short as tpHL and/or tPLH.
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Fifth, notice that with Mode Select “high,” the Q output of
the Refresh Multivibrator is “high” (and Qis“low”). Under
this condition, la and Ig are both ON when Data Input is
“high” and both OFF when it is “low”. This makes the
output flux excursion a logical replica of the Data Input.

Flux Measurement

A high-speed photodetector and oscilloscope could be
used for measuring the excursion flux, but an average-
reading flux meter can be used to Ineasure A¢ as follows:

With Mode Select “high”:

1. Apply steady-state “low” to Data Input and observe ¢
with flux meter.

2. Apply a 500kHz square wave (50% duty factor) to Data
Input and observe (A¢ + ¢ ) with the flux meter and
subtract ¢, (Step 1) to obtain A¢.

This procedure also yields the proper value of the high-
level flux, ¢, to be used in computing the flux excursion
ratio, k. Since ¢y = (¢ + 2A4), the value of ¢, is:

(13) HIGH-LEVEL FLUX, ¢y =2(Ad + ¢) — (¢ )

Step 2 Step 1
Itappears, from the waveforms in Figure 8, that the 500kHz
signal prescribed in Step 2 is not necessary; that is, with
Data Input at a steady-state high, the flux meter would
read ¢ directly, from which A¢ could be calculated by
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subtracting ¢ (observed in Step 1) and dividing by two.
However, this method would cause slightly more heating
of the LED and lead to a slightly different (and incorrect)
measurement of ¢ and A¢. With the values of ¢, and ¢
from Step 1 and 2, the flux excursion ratio can now be
computed:

bH - dm
(14) FLUX EXCURSION RATIO, k = ———
oM - bL
In a 2-Level Code, there is, of course, no mid-level;
however, the definition of flux excursion ratio is the same
as for Pulse Bi-Polar code, i.e., Equation (14). It is only
necessary to substitute average flux for mid-level flux, ¢m,
in Equation (14). For 2-Level Code, the average flux is:

tH +
(15) AVERAGE FLUX = %ﬂ
(2-Level Code) L

where it is the total time the flux is at level ¢y
st is the total time the flux is at level ¢

Substitution of this expression for ¢y, in Equation (14)
leads to:

stL
(16) FLUX EXCURSION RATIO =k =

stH

Equation (16) shows why it is that when a 2-Level Code is
used (e.g., with Mode-Select “high” in the Hewlett-
Packard Transmitter) the data input signal must, on
average, have a 50% duty factor to make k = 1. That s, in
the averaging interval, the total number of “mark” intervals
should be equal to the total number of “space” intervals,
such as in Manchester code.

Use of 2-Level Code also requires that the input flux
remain for less than 5us at either high or low level. This is

necessary to avoid “pulling” the receiver dc restorer
voltage too far away from the value corresponding to the
average flux, and possibly losing occasional bits.
Receiver Description

The Hewlett-Packard Receiver block diagram is shown in
Figure 9. There are four functional blocks:

1. The amplifier, including a gain-control stage and split-
phase outputs with a voltage divider for each.

2.
3.
4.

The dc-restorer with a long time constant.
Logic comparators with an R-S latch.

Positive and negative peak comparator with single-
ended output for the ALC and link monitor circuits.

Optical flux at the input is converted by the PIN
photodiode to a photocurrent, Ip, which is converted to a
voltage by the PREAMPLIFIER. This voltage is amplified
to a positive-going output, Vp1, and a negative-going
output, VN1. A rising input flux will cause Vp1 to rise and
VN1 to fall. These voltages are applied to the differential
inputs of the DC RESTORER AMPLIFIER whose output,
V7, falls until it is low enough to draw the average
photocurrent away from the preamplifier via the 25k
resistor. This makes Vp1 = VN1 when the input fluxis atthe
average level. The output impedance of the dc restorer
amplifier is very high, making a long time constant with the
filter capacitor, Ct. The long time constant is required for
loop stability when input flux levels are so low that there is
little or no ALC gain reduction, with consequently high
loop gain. With no input flux, VT = Vtmax; as input flux
rises, VT falls proportionately, so the voltage at the TEST
POINT can be used as an indicator of the average input

mASVOLTACE  oaw  owwmewon 1
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INP |
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| . |
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| D " T
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| |
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Figure 9. Receiver Block Diagram.
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flux. With respect to the Receiver optical port, the

responsivity of the PIN photodiode is approximately

0.4A/W, leading to the expression:

[VTMAX - VT] (mV)
10

where Vimax = Test Point Voltage with no optical input
signal.

(17)AVERAGE INPUT FLUX, bay (W)=

The instrument for observing VT must not load the Test
Point significantly, so an input resistance of 10MQ is
recommended.

As described above, when the input flux is at the average
level, the positive-going and negative-going output
voltages Vp1 and VN1 are approximately equal. Notice that
this makes the outputs of both logic comparators low. A
positive flux excursion, rising faster than the dc restorer
(with its long time constant) can follow, will cause Vp1 to
rise and VN1 to fall. If the positive flux excursion is high
enough, the LOGIC, HIGH COMPARATOR input voltage
(VP2 - VN1) becomes positive, and a SET pulse is produced
for the R-S flip-flop. [Similarly, a negative flux excursion
of such amplitude would make (VN2 - Vpi) become
positive and a RESET pulse would be produced.] A larger
amplitude of positive flux excursion would make the
POSITIVE PEAK DETECTOR input voltage (Vp3 - VN1)
change from negative to positive and cause current to flow
into the ALC FILTER capacitor. When the voltage Va
starts to rise above VREF, the ALC AMPLIFIER output will
operate on the GAIN CONTROL AMPLIFIER to limit the
Receiver’s forward gain. Notice that the ALC action is the
same for a negative flux excursion, so that the Receiver's
gain limitation is determined EITHER by positive flux
excursion OR by negative flux excursion — whichever is
the larger. For this reason, the positive and negative
excursions must be nearly balanced with respect to the
average flux. The allowable imbalance is determined by
the values of the resistors in the negative and positive
voltage dividers. The ALC action limits the maximum
excursion to a voltage lo (R1 + R2), whereas the logic
threshold is only lo R1. Actual limits are established by the
tolerances on the resistors and current sources. Notice
that the ALC voltage, Va, activates both the ALC
COMPARATOR and the LINK MONITOR COMPARA-
TOR. Therefore, a “high” LINK MONITOR signifies two
conditions:

1. The input flux excursions are high enough to cause
ALC action (gain limitation).

2. The excursions are more than adequate for operation
of the logic comparator.

Notice that the LINK MONITOR could be “high,” but k
could be outside the specified limits such that Pe exceeds
109, Conversely, because of safety margin in the Receiver
design, it is also possible to have Pe < 10" when the flux
excursions are too small to make the LINK MONITOR
“high”.

OPERATION OF THE HEWLETT-PACKARD
SYSTEM

With Hewlett-Packard Components Exclusively

The main concern in a fiber optic link is the flux budget.
Other areas of concern are: data rate, data format, and the
interface with other elements of a data transmission
system.
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Flux budgeting, using the Hewlett-Packard Transmitter,
Receiver, Connector, and Cable components is very
straightforward for most applications. Itis necessary only
to use the data sheet information correctly in making the
coupling loss and transmission loss allowances.

When used with other Hewlett-Packard components, the
characteristics of the Receivers are not critical. Their
optical ports have a diameter and N.A. which are both
greater than the size and N.A. of the Hewlett-Packard
Cable. The Receivers also have a high responsivity and the
spectral response is nearly constant over the spectrums
radiated by Hewlett-Packard Transmitters.

With Components From Other Manufacturers

When using the Hewlett-Packard Receivers with other
cables, it may be necessary toaccount for N.A. loss and/or
area mismatch loss. When other sources are used, it may
be necessary to compute an effective flux ratio:

SoARmdN

(18) EFFECTIVE FLUX RATIO, EFRs =
Joadxn

(Source Spectrum)

where Ry) is the relative response of the Receiver (from
data sheet)
@) is the spectral flux function of the source

If the transmission loss of the cable varies sharply over the
wavelength range of the source spectrum, then the
spectral transmittance of the cable should be included in
the computation of EFR. The spectral transmittance varies
with cable length, so the integration must be performed
using the cable length required in a particular installation:

JSTadARmdA
(19) EFFECTIVE FLUX RATIO, EFRcs =—+——
(Cable and Source) Jraordn
where 7) is the spectral transmittance of a particular
length of fiber optic cable, computed as:

(R
(20) 7\ =10 (75 )oor

where ag) is the spectral function in (dB/km) of the fiber
optic cable and £ is the particular cable length (km)

Notice that as the length is reduced, r\ becomes more
nearly a constant and may be factored out of both
numerator and denominator of Equation (19). When EFR
is significantly less than unity, it enters the flux budget
expression, Equation (11).

Las

(21)10 log (3;) =arc+acp+ Nage + e+ ay

-10 log (EFR)

See Equations 11, 18, and 19 for definition of terms.

The optical ports of Hewlett-Packard Transmitters are
designed for mating with Hewlett-Packard Cable/
Connector assemblies, but their characteristics require a
little more attention than do the Receiver optical ports.
The Transmitter and Cable/Connector data sheets should
be consulted for the correct values of size and N.A., or for
the directly-given value of transmitter-to-fiber coupling
loss, atc, to use in flux budgeting. In applications having
very short transmission distances, but requiring a number
of in-line (cable-to-cable) connections, it is likely to be
advantageous to use fiber optics of larger core diameter




and N.A,, such as some of the plastic types. The larger
core diameter reduces the likelihood of losses in
connectors due to misalignment. Depending on the size
and N.A. of the Transmitter optical port, a larger core
diameter and N.A. in the fiber optic cable may also reduce
arc, but if the cable core diameter is too large, the cable-
to-receiver loss, acg, may be excessive.

Data Rate and Format

The other areas of concern (data rate, data format, and
interface) are interactive, depending on system require-
ments. In any single transmitter-to-receiver link, the flux
budget along with probability of error Pe, establish the
signaling rate, in baud units, while the data rate, in bits per
second, depends also on the data format, or transmission
code. NRZ (Non-Return-to-Zero) is the term for a
transmission code in which the signal does not
periodically return to zero. If a stream of NRZ data
contains a series of consecutive “1's”, the signal remains

at the “1” level; similarly, the signal remains at the “0” level
for consecutive “0's”. With RZ (Return-to-Zero) codes, the
level periodically changes from high level to low level or
back, never remaining at either level for a period of time
longer than one bit interval. Some examples of codes are
given in Figure 10. Notice that NRZ code uses the channel
capacity most efficiently since it requires only one code
interval per bit interval. The RZ codes illustrated use two
code intervals per bit interval while other codes may
require an even higher channel capacity for a given data
rate. NRZ code requires a clock signal at the receiving end
to define, for each interval, the point in time at which the
data is valid. The time at which the data is clocked must be
sufficiently clear of the interval edges to avoid phase-shift
errors due to jitter, rise time, or propagation delay. Since
the clock signal is separately transmitted, phase shift in
the clock channel can contribute to the phase-shift error
unless it is equal, in direction and magnitude, to the
phase shift in the data channel. For this reason, fiber optic
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[ MANCHESTER Positive transition for “space”’,
(SELF-CLOCKING R2) negative transition for “mark” 2 Mbaud per Mb/s NoO No
D BIPHASE MARK Each bit period begins with a
(MANCHESTER II) transition. “‘Space’’ has NO
transition during bit period — 2 Mbaud per Mb/s NO NO
“mark’’ has one transition during
bit period
E BIPHASE SPACE Sa Biphase Mark t
"mr::ka"s an’g '?ss:al:;'r re::'r:segi 2 Mbaud per Mb/s NOo No

NOTE THAT C, D, E HAVE 50% DUTY FACTOR (k = 1.00)

Figure 10. Examples of NRZ and RZ Code Patterns.
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channels carrying clock signals should use the same type
of cable and the same length, unless the transmission
distance is very short. Note that the transmission time
delay in an optical fiber depends on the core index of
refraction:

(22) TRANSMISSION DELAY, tg = (—:—)—) 2n

where c is the velocity of light in avacuum, c=3x108m/s
2 is the fiber optic cable length (m)
n is the core index of refraction

and differential delay between a data channel and a clock
channel is:

(23) DIFFERENTIAL DELAY, t=(—‘15—) [R2n2 -21n1)

Some RZ codes are self-clocking — i.e.,, a separate
channel to transmit the clock signal is not required, so
there is no problem with differential delay. For this reason,
RZ codes may be preferred even though the data rate is
less than that of NRZ. Note that in its internally coded
mode, the Hewlett-Packard fiber optic system transmits
either NRZ or RZ codes of arbitrary format and duty factor.
In the externally coded mode, the system requires the
code to be RZ; moreover, the duty factor of the code must
be 50% and the signal must remain LESS than Sus in either
high state or low state.

The Hewlett-Packard system is capable of a 10 Mbaud
signaling rate. If a higher data rate is required, the data
stream can be divided among additional channels. If each
channel is RZ coded, such as with Manchester code, the
capacity of each channel is 5Mb/s and if the total data rate
requirement is 20Mb/s, four channels are required. Using
NRZ, the 20Mb/s data can be transmitted on two channels,
with a third channel for the clock signal. Thus, if the data
rate requirement exceeds 15Mb/s, the NRZ format
requires fewer fiber optic channels.

System Configuration

The simplex arrangement in Figure 11 allows data in one
direction only, and the format should, therefore, include
error checks, such as parity bits. The full duplex
arrangement requires two Transmitter/Receiver (T/R)
pairs and two cables but allows data to go in both
directions simultaneously. If, at a given time, Station 1 is
transmitting, the return transmission from Station 2 can be
unrelated to the information from Station 1, but could also
be a relay or re-transmission of the data received by
Station 2, so a logic delay and comparator circuit in
Station 1 can check for errors and allow corrections. The
same is true for the full triplex arrangement. Extension to
larger numbers of stations is possible and the benefits are
the same, but the number of T/R pairs increase rapidly, as
shown by the series in Figure 11, requiring n (n-1) T/R
pairs for n stations.

Half-duplex (not illustrated) is a means for allowing two
stations to alternately use the same transmission medium.
With a wire cable, half-duplex operation is commonly and
easily done; it can also be done with fiber optic cable but
the fiber-furcating couplers for accomplishing it are very
lossy, are not commonly available, and will not be
discussed.

Data interchange among a large number of stations can be
accomplished with fewer T/R pairs by using the Master
Station Multiplex (MSM) arrangement in Figure 12. The
MSM arrangement requires only 2(n-1) T/R pairs for n
stations (master + (n-1) slaves). Its operation differs from
the full n-plex arrangement of Figure 11 in that only the
master station transmits directly to all other stations. Data
from any slave station is transmitted to master and re-
transmitted to all slave stations according to the ‘“re-
transmit enable” (E1...Ex) selection made in the master
station. Thus, a complete error check is possible.
Regardless of how many slave stations are added, the
transmission delay from any slave to any other slave is just
the delay of two fiber optic links plus the propagation

- |

SIMPLEX
T > R
1 2
R % T

FULL DUPLEX

NO. OF NO. OF
STATIONS  T/R PAIRS

2 2
3 6
4 12
5
n

20
n(n-1)

FULL TRIPLEX

Figure 11. Simplex, Full-Duplex, Full Triplex, Full-n-plex Fiber Optic Links.
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MASTER TRANSMIT ENABLE  Ey SLAVE
MASTER DATA IN Dy STATIONS
R
1

r

E, ... Ex SLAVE

Ey
RE — TRANSMIT D i

ENABLE

2

Ez——l——:D
D

D, ...Dy DATA OUT
(FROM SLAVES)

Eaﬁ >
D.

3

MASTER STATION

FOR n STATIONS, NO. OF T/R PAIRS = 2(n-1)

ik

Figure 12. Master Station Multiplex Arrangement for Fiber Optic Links.

delay in the master station’s relay circuit. The time delay
between re-transmission from the master and the
error-check return transmissions from the slaves is the
same if each link length is the same, i.e., two links plus
relay time. Notice that a complete error check requires
an error check in the master, plus an error check in the
station where the data originated. Another feature of the
MSM system is that any slave station can be disconnected
or turned off without affecting the other stations. With
slightly more complicated relay control logic in the master
stations, the MSM system can provide even more
flexibility in the control of data movement — the
schematic in Figure 12 is intended only to illustrate the
potential flexibility of MSM.

At the expense of less flexibility and longer transmission
delay, multiplex operation can be done with an even
smaller number of T/R pairs by means of Looped-Station
Multiplexing (LSM) asin Figure 13. In addition to requiring
only n T/R pairs for n stations, LSM offers the advantage

that an error check is required only at the station from
which the data originates. There are some disadvantages.
A relatively minor disadvantage is the data delay around
the loop to where the data originated. A less minor
disadvantage is the fact that, even if one of the stations in
the loop is designated for loop control, it does not have
control as absolute as that of the master stationin MSM. A
major disadvantage is that removal of one or more stations
from the loop may require a re-run of the fiber optic cable
unless the flux budget allows insertion of a connector to
replace the station(s) removed. There is some error
accumulation around the loop, but this is not a
disadvantage if error correction is applied.

Error Accumulation

Where error correction is inconvenient or impossible, the
accumulation of error through data relay units may be
significant. With Hewlett-Packard components operated
within the limits prescribed by the data sheet parameters
and the flux budget, any point-to-point link has a

| T

>
bS

DATAINOUT —
TRANSMIT
ENABLE I | }
T
DATA OUT \ R
OPEN — COLLECTO>§

OUTPUT IS REQUIRED

WHEN ‘TRANSMIT ENABLE' IS HIGH,
THE SIGNAL AT ‘DATA OUT’ IS
RE-TRANSMITTED WITHOUT INVERSION.

DATA OUT

T TRANSMIT
ENABLE

DATA IN

FOR n STATIONS, NO. OF T/R PAIRS = n

Figure 13. Looped-Stations Multiplex Arrangement for Fiber Optic Links.
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probability of error Pe < 10°. This means that Pe <10 as
long as the loss margin, ay(dB) is above zero. With a
number, n, of repeater links, the worst case estimate of
cumulative probability of error is the RMS value:

(24) CUMULATIVE PROBABILITY
OF ERROR, n
Pen=1—"T (1 — Pei) = )_ Pei
i=1 i=1
where Pe,i is the probability of error in link “i”

3

If each link has the same probability of error, Pe, then the
cumulative value of Pe is estimated at:

(25) CUMULATIVE PROBABILITY OF

ERROR FOR EQUAL Pe¢’s Pe,n = nPe

However, as in any chain, the probability of error is usually
just that of the “weakest link,” that is, the link having the
highest probability of error.

Measuring the probability of error can be very time-
consuming if Pe has a very low value. For instance, if Pe =
109 at 10 Mbaud (BER = 109), this suggests that if the
system is operated for 100 seconds at 10 Mbaud
(accumulate 109 bits) with one error, the Pe = 109 is
verified. This is not necessarily true. The significance of Pe
=10 is that over several such periods the average error is
one per 100 seconds. A less time-consuming procedure is
to lower the signal (flux) level until the error rate, Pe,N is
measurably high in a comfortable period of time, and note
this flux level as ¢y, the Noise measurement flux level. The
operating flux level is designated ¢, and is found from the
ratio:

Xo _ %o _ )
26. Xn o and Xo = XN o
and from the complementary error function:

Pe = erfc (Xo) =1 - erf(Xo) calculated for ¢o

Pe,N = erfc(XN) = 1 - erf(Xn) measured at ¢N

erfc(X) = =X—4(6'X2) for Pe < 104
This measurement and relationship can be useful in
evaluating the relative merits in the tradeoff between
running a single link over a long distance versus operating

with one or more repeaters. The use of repeaters usually
yields the lower Pe, but may be “overkill” in some cases.

INSTALLATION, MEASUREMENT, AND
MAINTENANCE

The shielded metal packages of Hewlett-Packard Fiber
Optic Modules are very sturdy and can be mounted in any
position. Both Transmitter and Receiver dissipate very low
power, so heat sinking is not required. A cool location is
preferred, especially for the Transmitter. The main
concern in selecting the locations of both modules is
accessibility of the optical ports.

Mounting

The preferred mounting is with two #2-56 screws on a
printed circuit board. Clearance must be provided for the
Lock Nut, which protrudes 0.5mm to 1.0mm (depending
on angular position) beyond the plane of the module’s
bottom surface. The usual way to deal with this is to allow
the Lock Nut to overhang the edge of the P.C. board as in

319

Figure 14. Lock Nut clearance could also be provided by
an opening in the board, or by using washers of Tmm
thickness on the #2-56 mounting screws to space the
Module bottom 1mm from the board. Screws entering the
#2-56 tapped holes MUST NOT TOUCH BOTTOM AS
THIS MAY DAMAGE THE MODULE. The #2-56 tapped
hole is 5.6mm (0.22 in.) deep, which provides an ample
purchase on the thread.

P.C. Board Recommended
Thickness Screw Length — mm (in.)
mm _in.. W/O Spacer W/1-mm Spacer
0.79 1/32 4,78 (.188) 6.35 (.250)
1.59 1/16 6.35 (.250) 6.35 (.250)
2.38 3/32 6.35 (.250) 6.35 (.250)

The #2-56 holes near the front of the package are the only
screw holes that may be used for mounting the module.
UNDER NO CIRCUMSTANCES MAY THE SCREWS
ALREADY INSTALLED OR THE SET SCREW BE
DISTURBED. Disturbing these may cause interior
damage.

For additional support, the electrical leads may be bent
down and soldered into the P.C. board. In bending the
leads, care must be taken to avoid strain at the point where
the leads enter the glass seal. This can be done by
applying mechanical support between the module and the
bending point which should be at least 1.0mm (0.04 in.)
from the end of the module. A needle-nose pliers can also
be used to bend the leads individually, providing no
bending moment is transferred to the seal. See Figure 14
for details fo these techniques.

Panel mounting can also be used. This is an especially
attractive mounting when R.F. shield integrity must be
maintained. As seenin Figure 15, the panel thickness must
be less than 4mm (5/32 in.) and have a counter-bore to
receive the Lock Nut. This will make the mounting secure
and leave enough of the Barrel outside the panel to permit
installation of an external mounting nut as well as the
Cable Connector.

Fiber Optic Cable Connections

The data sheet cautions against disturbing the Lock Nut
and Barrel. This is to prevent damage by someone who
has not read the following material:

As seen in Figure 16, there is a clearance between the
interior end of the Barrel and a shoulder on the Fiber
Alignment Sleeve. If this clearance is not maintained,
there is a risk that a force applied to the Barrel may be
transmitted by the Fiber Alignment Sleeve to the optical
fiber stub, forcing the stub against the face of the source
or detector. The source (or detector) is an extremely
fragile semiconductor device and even a very small force
can cause severe damage. Should it be necessary to
remove the Lock Nut and Barrel, they should be
reinstalled with this procedure:

1. Lightly and carefully thread the Barrel into the Module
body until it comes against the shoulder of the Fiber
Alignment Sleeve.

2. Back the Barrel OUT ONE FULL TURN, then HOLD
THE BARREL FROM TURNING while seating the Lock
Nut securely against the body. During final tightening
of the Lock Nut, the Barrel may be allowed to enter no
more than HALF A TURN.
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11 mm

T

MAX '

DO NOT BEND WHERE
LEAD ENTERS _\

NEEDLE
NOSE
PLIERS
LOCK NUT
OVERHANGS
EDGE OF 1 -
P.C. BOARD SPACER MIN

Figure 14. Lead Bending and P.C. Board Mounting.

LOCK NUT
CLEARANCE —
COUNTERBORE

FROM REAI

7.5mm DIA. x 2.0mm DP

#10 - 32
EXTERNAL
MOUNTING NUT
(NOT SUPPLIED
WITH UNIT)

LOCK NUT, SUPPLIED

INSTALLED, SHOULD
NOT BE DISTURBED

4.1mm (.16 in.) >
MAX

Figure 15. Panel Mounting.

When Hewlett-Packard Cable Connectors are joined,
either to each other or to the optical port of a Transmitter
or Receiver, there is a cylindrical spring Sleeve that aligns
the Ferrules. This is shown in Figures 16 and 17. It may be
difficult to see, but the Sleeve does have a slightly
flattened “leaf” on either side of a notch. The notch makes
the leaves spring separately, allowing the Ferrules at

opposite ends of the sleeve to have slightly different
diameters and yet be firmly aligned by the curved interior
wall. Achamfer on the edge of the Ferrule aids insertion. In
making temporary Cable-to-Cable connection, it is
permissible, and often convenient, to omit the Barrel,
since it does not perform an alignment function. When the
Barrel is used for a more sturdy joint, the connection
procedure is: :

1. Install the Sleeve and Barrel on one Connector, using
only FINGER TIGHTNESS of the Coupling on the
Barrel.

2. Start the Ferrule of the second Connector into the
Sleeve.

3. Engage the Coupling on the Barrel threads and tighten
FINGER TIGHT.

Alignment of the Ferrules (and hence the fiber optics) is
performed by the Sleeve; the Barrel and Couplings are
intended only for tensile support, but if they are OVER
tightened, they may cause misalignment. Loss of coupling
due to misalignment can be observed at the V1 (Test
Point) on the Receiver when the System is active:

AVT/A¢p = 10mV/uW.

BARREL

INTERNAL
BARREL CLEARANCE l<>

DIELECTRIC STANDOFF

SOURCE OR DETECTOR -

=
[
-

U

§\{\\\\\\\\\(\'\'\'\'(\'\'\ﬁiV’,})‘/}I‘}‘lg!/")"//’/‘)lﬁ l‘ Q‘QI‘\“\“\“\ “
W\rrrrrerrrereny) -
T /I“I'[/,‘{‘I'Il ,"/lll//l \ L

\\

\—F|BER ALIGNMENT SLEEVE

LOCK NUT

SHOULDER (BARREL MUST NOT
APPLY PRESSURE HERE)

Figure 16. Opto-Mechanical Structure of T/R Modules.
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Figure 17. In-Line Connector Arrangement.

The procedure above applies also to making Cable
connection at the Receiver and Transmitter, except that
the Sleeve and Barrel are already installed. In manu-
facture, the Sleeve in the Module is pre-stressed for a
tighter fit on the Ferrule in the Module than on the Ferrule
in the Connector. The Sleeve is not likely to be pulled out
when the Module is disconnected, but if that does happen,
it can be reinstalled without removing the Barrel by using
the Connector Ferrule to guide and support it.

In connecting fiber optics other than those from Hewlett-
Packard to a Hewlett-Packard module, it is necessary to
center the fiber in a cylinder with the same outside
diameter as the Hewlett-Packard Ferrule over a length (to
first shoulder) equal to halif the length of the Sleeve, i.e.,
3.5mm. This is adequate for a temporary connection. Fora
more permanent connection, add a coupling to fit the
#10-32 thread on the Barrel.

Power Supply Requirements

Power supply lines for the Transmitter and the Receiver
should each have a pi filter of two 60uF shunt capacitors
and a 2.2uH (<1Q) inductor. The Transmitter needs this
filter to prevent transients from reaching other equipment
when the LED (or IRED) currents are switched. The
Receiver needs the filter to keep line transients from
interfering with its extremely sensitive amplifier. In
addition, the Receiver may need its own regulator, as
shown in the data sheet, to prevent low-frequency
transients or ripple from interfering with the data stream. If
a regulator is used, the pi filter should be between the
regulator output and the Receiver supply terminal. The
Transmitter needs no regulator if the supply voltage is in
the specified range.

System Performance Evaluation

System performance checks may be done by using error-
detection equipment, such as the Hewlett-Packard Mod.
3760A Word Generator and 3761 Error Detector as
indicated in Figure 18. The Mod. 3780A Pattern
Generator/Error Detector which contains both word
generator and error detector is also usable, althoughit has
less flexibility in word generation and a lower data rate
capability. These instruments have low-impedance (50Q
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and 750) inputs and outputs. The outputs have adequate
voltage swing to drive the Fiber Optic Transmitter Data
Input, but ringing may occur unless the signal line is
properly terminated. The low-impedance inputs require a
buffer amplifier between the Receiver output and the Error
Detector input. Here also the voltage swing is ample, so a
simple emitter follower will do as a buffer.

With Mode Select “low” (on the Fiber Optic Transmitter),
the Word Generator may be set for either NRZ or RZ code,
and there is no restriction of any kind on word length or
composition (pseudc random or selected). With Mode
Select “high”, the code selection can be either NRZ or RZ
butin either code the word composition must be such that:

1. No interval > 5us of consecutive marks or consecutive
spaces
2. Duty factor: .44 <DF < .57 or .75 <k <1.25

The first condition can be examined with an oscilloscope,
but if word length is such that:

word length (bits)

< 5 micros s
data rate (bits/second) icrosecond

then there is no way that any consecutive marks or spaces
can extend over 5us.

The easiest way to check duty factor is by observing k
directly on an ac coupled oscilloscope: first establish the
baseline position (e.g., center of scope face) with zero
signal input, then with the data signal applied:

excursion above baseline position

k= excursion below baseline position

where the oscilloscope deflects upward for positive input.
For this observation, the oscilloscope need not be
synchronized — it could be free-running. The word
composition should be adjusted to bring k within the
specified limits. The word composition can be adjusted by
adding zeroes, changing word length, or by handselecting
the bit sequence.

Either error detector has two modes of operation:
BER (Bit Error Rate) mode and “count” mode. The count
mode is simplest to use and gives an earlier indication of
the result of any system adjustment.

=
=]
o
<T
=
]
Q.
[~
<

(7]
(o]
[y
(=)
=




AC COUPLED

HP 3760A
PATTERN GENERATOR

OSCILLOSCOPE
0 CLOCK TO CHECK ON HP 3780A
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Figure 18. Bit Error Rate Measurement Arrangement.

With the System at normal operating flux level, the error
rate is so low that it would take several hours or even days
to make an accurate BER measurement. If the flux level is
reduced, SNR falls and BER rises until it becomes
measurable. Then the error function [see Equation (26)]
can be applied to determine the BER at the normal flux
level in terms of the ratio ¢o/¢y Where ¢ is the operating
flux level and ¢y, is the flux at the reduced level where the
BER was measured. The problem now is that ¢y may be
too low to measure with equipment at hand. The solution
is in the Receiver Test Point voltage, V1, which varies
linearly as Receiver input flux — see Equation (17). But
even this method has limits; when the flux becomes a
small fraction of a microwatt, the voltage difference
(VTMmAX - VT) cannot be accurately observed. The solution
to this problem is in the Transmitter-to-Cable connection.
Just back off the Coupling, noting the number of turns
while observing VT, then plot a curve like that of Figure 19.
The curve is quite repeatable if care is taken to avoid
backlash and rotation of the Connector Body (rotate
Coupling only) but the curve is not the same for each
System.

Operating Margin Measurement

The flux budget margin, ey, for a given Pe can be found
using the Connector on the Transmitter as an adjustable
attenuator as described above, proceeding as follows:

1. Prepare a curve similar to Figure 19.

2. Count the turns, N, needed to get measurable error,
Pe,N.

3. Find ay(dB) from N and the curve from Step 1.
4. Find XN from erfc (XN) = Pe,N (measured).
5. Find Xo from erfc (Xo) = Pe (given).

Xo
XN
Absolute flux levels at “N” turns can be found by
measuring the flux level when N=0and applying aratio. A
rough measurement can be made using the Test Point
voltage, V1, and Equation (15). A more precise
measurement requires a calibrated radiometer, such as
the EG&G Mod. 550, used as shown in Figure 20a. With its
“flat” filter installed, the EG&G Mod. 550 reads the radiant

(27) am(dB) = aN - 10 log FOR GIVEN Pe
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.
8 .
.
16+
.
1
- V. -Vro
ay =10 log “TMAX.
12 . Vimax - Vin
g
Z 10
]
sl .
6 |-
L]
4~
2 — .
° L1 1 Lo [ |
% % % 1 1% 2 2% 3

N — NUMBER OF COUPLING TURNS

Figure 19. Flux Decoupling by Rotation of Connector Coupling.
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LOCATION Zmm

OF FERRULE REMOVABLE ‘FLAT’ 550-2 PROBE

FACE FILTER 11— ————L———— ASSEMBLY
REF. MARK

TRANSMITTER |

- PROBE
]m = lg (1W/sr) = Eq (uW/cm2) x d2 (cm2) /

GENERAL PROCEDURE: OPTICAL
USE SUBDUED AMBIENT. FOR EACH OBSERVATION Eg = DIFFERENCE IN READINGS BENCH
OBTAINED WITH TRANSMITTER POWER SUPPLY ON AND OFF. ROD

T T’ T RsAI;IOMEIER EAL
1. OBSERVE E; (uW/ecm2) WITH ‘FLAT’ FILTER IN PLACE
1 (uW/cm2) LAC! PHOTOMETER uW/em2

2. OBSERVE E; (uW/cm2) WITH ‘FLAT’ FILTER REMOVED

FILTER TRANSMITTANCE:

AVERAGE FLUX FROM TRANSMITTER: [¢ (uW) = [E|(:—:‘vz)] [dz(cmz)] [(%) MAX:I

(%)MAX IS THE MAXIMUM VALUE OF THE RADIATION PATTERN INTEGRAL: %,’ (SEE DATA SHEET)

(a) MEASUREMENT OF TRANSMITTER AVERAGE FLUX

PROTECTIVE GLASS
OVER DETECTOR

COUPLING DETECTOR AREA
BODY Ap = 1cm2 REF.
TRANSMITTER / MARK

TRANSMITTER RECEIVER
CONNECTOR CONNECTOR

550-2 PROBE
WITH ‘FLAT’
FILTER REMOVED

GENERAL PROGEDURE SAME AS ABOVE

3. WITH TRANSMITTER CONNECTOR SEATED, CENTER RECEIVER CONNECTOR OVER DETECTOR,
THEN POSITION AGAINST GLASS. (DO NOT SLIDE — SLIDING MAY CAUSE SCRATCH DAMAGE.)
OBSERVE Eg (uW/cm2).

4. WITHOUT ROTATING THE BODY, ROTATE THE COUPLING BY SMALL INCREMENTS OF TURNS,
NOTING THE NUMBER OF TURNS, N, AND FOR EACH VALUE OF N: OBSERVE Ey (uW/cm2).
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Figure 20. Flux Measurement with EG&G Mod 550 Radiometer.
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incidance, E, in W/cm2 on an aperture area, Ap =1 cm2
and N.A. = 1. With the filter removed, a fiber optic cable
can be placed so close to the aperture that there is no flux
loss, and since the radiometer N.A. exceeds the fiber N.A.,
the radiometer will have a reading in W/cm2 which is
numerically equal to the flux in watts. However, a
correction must be made for the removal of the filter.

The insertion loss of the filter must be evaluated at the
measurement wavelength because it varies with wave-
length to compensate for spectral variation in the
response of the silicon detector. The arrangement shown
in Figure 20 for measurement of radiant intensity is agood
one for measuring insertion loss of the filter. Two
observations are made — one with and one without the
filter. Error due to ambient radiation is avoided by working
in subdued ambient and for each observation taking two
radiometer readings (source off and source on); the
difference in readings is the observation of the radiant
incidance, Ee, produced by the radiant intensity, le, of the
source. The ratio of the two observations gives:

(28) FILTER INSERTION LOSS, aj = 10 log Eetfiter out

Ee(filter in)
This same arrangement can be used to measure the
average flux of the Transmitter as shown in Figure 20b.
From the observation of Ee with the filter IN:

“W) (cm2)

uW) _
(29) AVERAGE INTENSITY, Ieés—r)— Ee(c—mé x d2

from Equation (29)

(30) AVERAGE FLUX, ¢e(uW) = le (M)[ﬂ@ (MAX)]

sr /| 1(0)

value from radiation pattern integral
in Transmitter Data Sheet

SYSTEM MAINTENANCE
Preventive Maintenance

Long-term degradation occurs in any LED and LED
degradation affects the Hewlett-Packard Fiber Optic
System in two ways: reduced average flux, affecting either
externally- or internally-coded mode, and altered flux
excursion ratio, affecting only the internally-coded mode.
Significant degradation of either the flux or the flux
excursion ratio can be detected by regular observation of
the flux margin, ay, and of k.

ap is evaluated as explained under Operating Margin
Measurement from Equation (27). A plot of ap; against the
logarithm of the cumulative hours of operation will allow
an estimate to be made of the operating time remaining
until o)y =0 FOR THE Pe DESIRED.

k must be evaluated by measuring ¢y, ¢m, and ¢ as
explained in the Transmitter description. The Test Point
voltage can be used in making this measurement — see
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Equation (15). The upper and lower margins on k for a
particular Receiver can be found by operating the
Transmitter with Mode Select “high” and a rectangular
signal (f = 500kHz) at Data Input. As the duty factor of the
signal is varied, the limits on k are found as those at which
the Receiver fails to follow the Data Input signal.

where ftpis the positive-pulse duty factor
ftn is the negative-pulse duty factor

Changes in k do not affect externally-coded mode
performance, and if this mode is used, then flux margin,
ayy, is the only concern.

Corrective Maintenance

Trouble in the System may range from complete
breakdown to excessive BER. The flux used in the
Hewlett-Packard System is visible so the cause of
complete breakdown can sometimes be localized by
simply looking at the output of the Cable and the
Transmitter. If there is visible output from the cable, then,
when the Cable is connected to the Receiver, there should
be an 8mV change in Test Point voltage, V1, as the
Transmitter (Mode Select “low”) is turned on and off by
switching Vcc. If AVt is more than 8mV but the system is
not working, then either the Receiver logic is not
functioning properly or the flux excursion ratio, k, is either
too high or too low. Excursion ratio can be checked as
described above, using V1. If k is satisfactory, the logic
malfunction could be due to incorrect supply voltage or
output loading.

If the System is functioning but has excessive BER, either
the flux and flux excursion ratio are marginal (can be
checked as described above) or there is too much
interference from noise or other effects. If the Data Input
voltage levels are correct, either random noise is high or
errors are occurring due to incorrect supply voltage or
output loading, or due to noise on the supply line. Random
noise effects can be checked by lowering the flux levelto a
point where Pe is measurably high. If Pe varies with flux
level according to Pe = erfc(X), as in Equation (26), then
the problem is excessive random noise. Random noise
can also be checked by changing the data rate while the
flux level is low enough to make Pe measurable. If Pe is the
same at any data rate, the problem is excessive random
noise. Excessive random noise is more likely to occur in
the Receiver than in the Transmitter; the best way to check
is by replacement of the Receiver. Noise on the supply line
is difficult to trace. If there is any doubt, the Receiver
should be operated from its own supply (e.g., a 5V
regulator). Receiver noise should be low enough to make
Pe <10 at 10 Mbaud with normal flux level (AVT>8 mV by
the method described above indicates normal flux level).
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Interfacing the HDSP-2000 to
Microprocessor Systems

INTRODUCTION

Over the past two years, the need for alphanumeric
displays has grown very rapidly due to the extensive use of
microprocessors in new systems design. The presence of
the microprocessor in such systems substantially
simplifies the traditionally difficult task of designing an
alphanumeric display into a system. This task is further
simplified by using a display element such as the HDSP-
2000 which has in one package a four character display, as
well as most of the basic electronics necessary to drive the
display. Depending upon overall systems configuration,
microprocessor time available to dedicate to display
support, and the type of information to be displayed, one
may choose several different partitioning schemes to
drive such a display.

This note will deal with four different techniques (see
Figure 1) for interfacing the HDSP-2000 display to
microprocessor systems:

1. The REFRESH CONTROLLER interrupts the micro-
processor ata 500 Hz rate to request refresh data for the
display.

2. The DECODED DATA CONTROLLER accepts 5 x 7
matrix data from the microprocessor and then
automatically refreshes the display with the same
information until new data is supplied by the
microprocessor.

3. The RAM CONTROLLER accepts ASCIl data and
interfaces like a RAM to the microprocessor.

4. The DISPLAY PROCESSOR CONTROLLER (HDSP-
247X series) employs a dedicated single chip
microprocessor as a data display/control/keyboard
interface which has many of the features of a complete
terminal.

The interface techniques depicted are specifically for the
8080A or 6800 microprocessor families. Extension of
these techniques to other processors should be a
relatively simple software chore with little or no hardware
changes required.
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COMPARISON OF INTERFACE TECHNIQUES

The choice of a particular interface is an important
consideration because it affects the design of the entire
microprocessor system. The REFRESH CONTROLLER
provides the lowest cost interface because it uses the
microprocessor to provide ASCIl decoding and display
strobing. Because the ASCII decoder is located within the
microprocessor system, the designer has total control
over the display font within the program. This feature is
particularly important when the system will be used to
display different languages and special graphic symbols.
However, the REFRESH CONTROLLER requires a
significant amount of microprocessor time. Furthermore,
while the interrupt allows the refresh program to operate
asynchronously from the main program, this technique
limits some of the software techniques that can be usedin
the main program.

The DECODED DATA CONTROLLER requires micro-
processor interaction only when the display message is
changed. Like the REFRESH CONTROLLER, the ASCII
decoder is located within the microprocessor program.
However, the time required to decode the ASCll string and
store the resulting 5 x 7 display data into the interface
requires several milliseconds of microprocessor time.

The RAM CONTROLLER also requires interaction from
the microprocessor system only when the display
message is changed. Because the ASCIlI decoder is
located within the display interface, the microprocessor
requires much less time to load a new message into the
display.

The DISPLAY PROCESSOR CONTROLLER, the HDSP-
247X series, is the most powerful interface. The software
within the DISPLAY PROCESSOR CONTROLLER further
reduces the microprocessor interaction by providing
more powerful left and right data entry modes compared
to the RAM entry mode of the DECODED DATA and RAM
CONTROLLERS. The DISPLAY PROCESSOR CON-
TROLLER can also provide features such as a Blinking
Cursor, Editing Commands, and a Data Out function. One
version of the DISPLAY PROCESSOR CONTROLLER
allows the user to provide a custom ASCII decoder for
applications needing a special character font.
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Figure 1. Four Different Techniques to Interface the HDSP-2000 Alphan (!l

MICROPROCESSOR OVERVIEW

_In order to effectively utilize the interface techniques
listed above, an understanding of microprocessor
fundamentals is required. A microprocessor system
‘usually consists of a microprocessor, ROM memory, RAM
memory, and some specific 1/0 interface. The micro-
processor performs the desired system function by
executing a program stored within the ROM. The RAM
memory is used to provide a stack for the microprocessor,
as well as a temporary scratchpad memory. The /O
interface consists of circuitry thatis used as aninputto the
system as well as an output from the system. The
alphanumeric display subsystem would be considered
part of this interface. The microprocessor interfaces to
this system through an Address Bus, a Data Bus, and a
Control Bus. The Address Bus consists of several outputs
from the microprocessor (Ao, A1...An) which collectively
specify a binary number. This number or “address”
uniquely specifies each word in the ROM memory, RAM
memory, and |I/O interface. The Data Bus consists of
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Display to a Mici

P

several lines from the microprocessor which are used both
as inputs and outputs. The Data Bus serves as an input
during a memory or I/O read operation and as an output
for a memory or I/O write operation. The Control Bus
provides the required signals and timing to the rest of the
microprocessor system to distinguish a memory read
from a memory write, and in some systems an 1/O read
from an I/O write. These control lines and the timing
between the Address, Data, and Control Buses vary for
different microprocessors.

For the 8080A microprocessor, the Address Bus consists
of 16 lines, the Data Bus consists of 8 lines, and the
Control Bus consists of several lines including DBIN (Data
Bus In), WR (Write), and clock signals ¢1and ¢2. DBIN and
WR are used to specify a memory read or write. The 8080A
microprocessor provides several other control lines which
are usually decoded with DBIN and WR to generate com-
posite control signals MEM R (Memory Read), MEM W
(Memory Write), /O R (I/0O Read), and I/0 W (I/O
Write). Since the alphanumeric display subsystem is an



output of the microprocessor system, the timing between
the Address Bus, Data Bus, and WR is of particular
significance. This timing is generalized in Figure 2.
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Figure 2. Memory Write Timing for the Intel 8080A
Microprocessor Family

The 6800 microprocessor has a 16 line Address Bus, 8line
Data Bus, and a Control Bus thatincludes the signals VMA
(Valid Memory Address), R/W (Read/Write), DBE (Data
Bus Enable), and clock signals ¢1 and ¢2. R/W specifies
either a memory read or write while VMA is used in
conjunction with R/W to specify a Valid Memory Address.
DBE gates the internal data bus of 6800 into the Data Bus.
In many applications, DBE is connected to ¢2. The timing
between the Address Bus, Data Bus, VMA, and R/W (when
DBE = ¢2) is shown in Figure 3. Additional data hold time,
tH, can be achieved by delaying ¢2 to the microprocessor
or by extending DBE beyond the falling edge of ¢2.

The ASCIl to 5 x 7 dot matrix decoder used by the
REFRESH .CONTROLLER and DECODED DATA CON-
TROLLER is located within the microprocessor program.
This decoder requires 640 bytes of storage to decode the
128 character ASCII set. The decoder used by these
controllers is formatted so that the first 128 bytes contain
column 1information; the next 128 bytes contain column 2
information, etc. Each byte of this decoder is formatted
such that Dg through Do contain Row 7 through Row 1
display data respectively. The data is coded so that a
HIGH bit would turn the corresponding 5 x 7 display dot
ON. This decoder table is shown in Figure 20. The
resulting 5 x 7 dot matrix display font is shown in the
HDSP-2471 data sheet.
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Figure 3. Memory Write Timing for the Motorola 6800
Microprocessor Family

REFRESH CONTROLLER

The REFRESH CONTROLLER circuit depicted in Figure 4
is designed for interface to either 6800 or 8080A
microprocessors. This circuit operates by interrupting the
microprocessor every two milliseconds to request a new
block of display data and column select data. Display data
is loaded from the data bus into the serial input of the
HDSP-2000 via a 74165 parallel in, serial out shift register.
The 74LS293 counter and associated gates insure that
only seven clock pulses are delivered to the shift register
and the HDSP-2000 for each word loaded. Column Select
data is loaded into a 74174 latch which, in turn, drives the
column switch transistors. The circuit timing relative to
the microprocessor clock and 1/0 is depicted in Figure 5.

The 6800 software necessary to support this interface is
divided into two separate subroutines, “RFRSH” and
“LOAD” (Figure 6). This approach is desirable to minimize
microprocessor involvement during display refresh. The
subroutine “RFRSH” loads a new set of decoded display
data from the microprocessor scratchpad memory into
the interface at each interrupt request. The. subroutine
“LOAD” is utilized to decode a string of 32 ASCII
characters into 5 x 7 formatted display data and store this
data in the scratchpad memory used by “RFRSH”.
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Figure 5. REFRESH CONTROLLER Timing

Figures 7a and 7b depict two different software routines
for interfacing the REFRESH CONTROLLER to an 8080A
microprocessor. The two subroutines shown in Figure 7a
are functional replacements for the 6800 program shown
in Figure 6. The programs shown in Figures 6 and 7a
require a 5n byte scratchpad memory where n is the
display length. The routine in Figure 7b eliminates this
scratchpad memory by decoding and loading data each
time a new interrupt request is received.

Because the microprocessor system is interrupted every
2ms, proper software design is especially important for
the REFRESH CONTROLLER. The use of the scratchpad
memory significantly reduces the time required to refresh
the display. The fastest program, shown in Figure 6, uses
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in-line code to access data from the buffer and outputitto
the display. This program requires 3.7% + .50n% of the
available microprocessor time for a 1MHz clock. The
program shown in Figure 7a is similar to the one shown in
Figure 6, except that it uses a program loop instead of the
in-line code. This program uses 5.4% + .93n% of the
microprocessor time for a 2MHz clock. These programs
utilize a subroutine “LOAD” which is called whenever the
display message is changed. This subroutine executes in
10.2ms and 7.5ms respectively for Figure 6 and Figure 7a.
The program in Figure 7b uses 7.6% + 1.35n% of the
microprocessor time for a 2MHz clock. A50% reductionin
the previously described microprocessor times can be
achieved by using faster versions of the 6800 and 8080A
microprocessors.
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OBJECT OBJECT

LOC CODE SOURCE STATEMENTS LOC CODE SOURCE STATEMENTS
* 0004 RDVR  EQU 0004H
» 0005 CDVR EQU 0005H
BF 05 CDVR EQU $BF05 E500 DECDR  EQU OESO00H
BF 04 RDVR  EQU $BF04
06 00 DECDR  EQU $0600 ORG OE000H
0000 POINT  RMB 2 E000 05 EO POINT  DW BUFFR
0002 COLMN RMB 1 E002 . FE COLMN DB OFEH
0003 COUNT RMB 2 E003 FF FF COUNT DW OFFFFH
E005 00 BUFFR DS 160
0005 00 AD ASCII FDB DATA
0007 DISPNT RMB 2 ORG OEOASH
0009 DCRPNT RMB 2 EOAS A7 EO ASCII DW DATA
000B COLCNT RMB 1 EOA7 00 DATA DS 32
000C DIGCNT RMB 1
ORG  0E400H
000D BUFFR  RMB 160 E400 FS RFRSH PUSH  PSW
00AD DATA RMB 32 E401 CS PUSH B
E402 ES PUSH H
0400 ORG $0400 E403 2A 00 EO LHLD  POINT
0400 86 FF RFRSH LDA A I, $FF E406 06 20 MVI B, 32
0402 B7 BF 05 STA A E,CDVR E408 3E FF MVI A, OFFH
0405 DE 00 LDX D, POINT E40A D3 05 ouT CDVR
0407 A6 00 LOOPHH LDA A X,0 F40C 7E LOOP MOV A M
0409 B7 BF 04 STA A E,RDVR E40D D3 04 ouT RDVR
040C A6 01 LDA A X1 E40F 23 INX H
040E B7 BF 04 STA A E,RDVR E410 05 DCR B
. E411 C2 0C E4 INZ LOOP
. E414 3A 02 EO LDA COLMN
. E417 D3 05 ouT CDVR
04A2 A6 IF LDA A X,31 E419 FE EF CPI OEFH
04A4 B7 BF 04 STA A E,RDVR E41B CA 28 E4 iz FIRST
04A7 96 02 LDA A D,COLMN E41E 22 00 EO SHLD  POINT
04A9 B7 BF 05 STA A E,CDVR E421 07 RLC
04AC 81 EF CMP A I, SEF E422 32 02 EO STA COLMN
04AE 27 10 BEQ LOOPB E425 C3 3A E4 JMP END
04B0 D6 00 LDA B D, POINT +1 E428 21 05 EO FIRST  LXI H, BUFFR
04B2 CB 20 ADDB [,32 E42B 22 00 EO SHLD  POINT
04B4 D7 00 STA B D, POINT +1 E42E 3E FE MVI A, OFEH
04B6 24 03 BCC LOOPA E430 32 02 EO STA COLMN
04B8 7C 00 00 INC E, POINT E433 2A 03 EO LHLD COUNT
04BB 0D LOOPA  SEC E436 2B DCX H
04BC 79 00 02 ROL E, COLMN E437 22 03 EO SHLD  COUNT
04BF 3B RTI E43A El END POP H
04C0 CE 00 0D LOOPB  LDX 1, BUFFR E43B Cl POP B
04C3 DF 00 STX D, POINT E43C F1 POP PSW
04CS DE 03 LDX D, COUNT E43D C9 RET
04C7 09 DEX
04C8 DF 03 STX D, COUNT E43E 11 24 EO LOAD LXI D, BUFFR+31
04CA 86 FE LDA A I, $FE E441 OE 20 MVI C, 32
04CC 97 02 STA A D, COLMN E443 2A AS EO LOOPI  LHLD  ASCII
04CE 3B RTI E446 TE MOV  AM
E447 23 INX H
04CF SF LOAD CLR B E448 22 AS EO SHLD  ASCII
04D0 CE 00 0D LDX 1, BUFFR E44B 26 ES MVI H, DECDR/256
04D3 DF 07 STX D, DISPNT E44D 6F MOV LA
04D5 86 06 LDA A [, <DECDR E44E 06 05 MVI B, S
04D7 97 09 STA A D, DCRPNT E450 7E LOOP2 MOV  AM
04D9 86 05 LDA A 1|, E451 12 STAX D
04DB 97 OB STA A D, COLCNT E452 7D MOV AL
04DD 86 20 LOOPI LDAA 1,32 E453 C6 80 ADI 80H
04DF 97 0OC STA A D, DIGCNT E455 6F MOV LA
04E1 9B 06 ADD A D, ASCII+1 E456 D2 SA E4 INC LOOP3
04E3 24 03 BCC LOOP2 E459 24 INR H
04E5 7C 00 05 INC E, ASCII E45A 7B LOOP3 MOV  A,E
04E8 97 06 LOOP2 STA A D, ASCII+1 E45B C6 20 ADI 32
04EA DE 05 LOOP3  LDX D, ASCII E45D SF MOV  EA
04EC 09 DEX E45E 05 DCR B
04ED A6 00 LDA A X,0 E45F C2 50 E4 INZ LOOP2
04EF DF 05 STX D, ASCII E462 7B MOV  AE
04F1 1B ABA E463 C6 SF ADI SFH
04F2 97 OA STA A D, DCRPNT+1 E465 SF MOV  E,A
04F4 DE 09 LDX D, DCRPNT E466 0D DCR c
Q4F6 A6 00 LDA A X,0 E467 C2 43 E4 INZ LOOPI1
04F8 DE 07 LDX D, DISPNT E46A C9 RET
04FA A7 00 STA A X,0
04FC 08 INX
04FD DF 07 STX D, DISPNT
04FF 7A 00 0C . DEC E, DIGCNT
0502 26 E6 BNE LOOP3
0504 CB 80 ADD B 1, $80
0506 24 03 BCC LOOP4
0508 7C 00 09 INC E, DCRPNT
050B 7A 00 0B LOOP4  DEC E, COLCNT
050E 26 CD BNE LOOPI1
0510 39 RTS
Figure 6. 6800 Microprocessor Program Utilizing a 160 Byte Figure 7a. 8080A Microprocessor Program Utilizing a 160 Byte
RAM Butfer that Interfaces to the REFRESH CONTROLLER RAM Buffer that Interfaces to the REFRESH CONTROLLER
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OBJECT
LOC CODE SOURCE STATEMENTS
0004 RDVR EQU 0004H
0005 CDVR EQU 000SH
E500 DECDR  EQU OESOOH
ORG 0E000H
E000 07 EO ASCIL DW DATA
E002 FE COLMN DB OFEH
E003 FF FF COUNT DW OFFFFH
E005 00 ES5 BASE DW DECDR
E007 00 DATA DS 32
ORG 0E400H
E400 FS RFRSH  PUSH PSW
E401 Cs PUSH B
E402 DS PUSH D
E403 E5 PUSH H
E404 2A 05 EO LHLD BASE
E407 EB XCHG
E408 2A 00 EO LHLD  ASCl
E40B 01 1F 00 LXI1 B, 31
E40E 09 DAD B
E40F 43 MOV B,E
E410 OE 20 MVI C,32
E412 3E FF MVI A, OFFH
E414 D3 05 ouT CDVR
E416 78 Loorp MoV A,B
E417 86 ADD M
E418 SF MOV E, A
E419 1A LDAX D
E41A D3 04 ouT RDVR
E41C 2B DCX H
E41D 0D DCR C
E41E C2 16 E4 INZ LooP
E421 EB XCHG
E422 3A 02 EO LDA COLMN
E425 D3 05 ouT CDVR
E427 FE EF CPI OEFH
E429 CA 3B E4 JZ FIRST
E42C 07 RLC
E42D 32 02 EO STA COLMN
E430 68 MOV LB
E431 01 80 00 LXI B, 0080H
E434 09 DAD B
E435 22 05 EO SHLD  BASE
E438 C3 4D E4 IMP END
E43B 3E FE FIRST MVI A, OFEH
E43D 32 02 EO STA COLMN
E440 21 00 ES LXI H, DECDR
E443 22 05 EO SHLD  BASE
E446 2A 03 EO LHLD COUNT
E449 2B DCX H
E44A 22 03 EO SHLD  COUNT
E44D El END POP H
E44E DI POP D
E44F Cl1 POP B
E450 Fl1 POP PSW
E451 C9 RET

Figure 7b. 8080A Microprocessor Program that Decodes a
32 Character ASCII String Prior to Loading into the
REFRESH CONTROLLER

DECODED DATA CONTROLLER

The DECODED DATA CONTROLLER circuit schematic
for a 32 character display is depicted in Figure 8. The
circuit is specifically designed for interface to an 8080A
microprocessor. This circuit is designed to accept and
store in local memory all of the display data for a 32
character HDSP-2000 display (1120 bits). The micro-
processor loads 160 bytes of display data into the two 1K x
1 RAM’s via the 74165 parallel in, serial out shift register.
Each byte of data represents one column of display data.
The counter string automatically generates the proper
address location for each serial bit of data after
initialization by MEM W, the character address, and the
desired column. Once the loading is complete, the
counter sequentially loads and displays each column (224
bits) of data at a 90Hz rate (2MHz input clock rate). The

331

timing for this circuit is shown in Figure 9. The software
required to decode a 32 character ASClI string is shownin
Figure 10. This program decodes the 32 ASClI characters
into 160 bytes of display data which are then stored in the
controller. The program requires about 6.6ms, for a2MHz
clock, to decode and load the message into the
DECODED DATA CONTROLLER.

RAM CONTROLLER

The RAM CONTROLLER (Figure 11a) is designed to
accept ASCII coded data for storage in a local 128 x 8
RAM. After the microprocessor has loaded the RAM, local
scanning circuitry controls the decoding of the ASCII, the
display data loading, and the column select function. With
minor modification, the circuit can be utilized forup to 128
display characters. The RAM used in this circuit is an
MCM6810P with the Address and Data inputs isolated via
74LS367 tristate buffers. This allows the RAM to be
accessed either by the microprocessor or by the local
electronics. The protocol is arranged such that the
microprocessor always takes precedence over the local
scanning electronics. The “Write” cycle timing for the
RAM CONTROLLER is depicted in Figure 11b. This
circuit, as with the DECODED DATA CONTROLLER,
requires no microprocessor time once the local RAM has
been loaded with the desired data.

DISPLAY PROCESSOR CONTROLLER

The previously mentioned interface techniques provide
only for the display of ASCII coded data. Such important
features as a blinking cursor, editing routines, and
character addressing must be provided by other
subroutines in the microprocessor software. The DIS-
PLAY PROCESSOR CONTROLLER is a system which
utilizes a dedicated 8048 single chip microprocessor to
provide these important features. This controller, as
depicted in Figure 12, is a series of printed circuit board
subsystems available from Hewlett-Packard under the
following part numbers: )

HDSP-2470 — Controller with 64 character ASCII to 5 x7
decoder

HDSP-2471 — Controller with 128 character universal
ASCII to 5 x 7 decoder

HDSP-2472 — Controller with socket for user supplied
custom coded ROM/PROM/EPROM.

All of the controllers have the following features:

e Choice of character string length:
4-48 characters in increments of four characters

o Four modes of data entry
Left Entry
Right Entry
RAM Entry (< 32 characters only)
Block Entry

Flashing Cursor — Left Entry Only
Data Out (< 32 characters only)

e Edit Functions

Clear Display RIGHT

Backspace Cursor ENTRY LEFT
Forwardspace Cursor ENTRY
Insert

Delete
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Figure 10. 8080A Microprocessor Program that Decodes a
32 Character ASCII String Prior to Loading into the
DECODED DATA CONTROLLER
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These controllers have been designed to eliminate the
burden of data handling between keyboard, display, and
microprocessor. The product data sheet describes the
technical function of the controllers in detail.

Interfacing the controller to microprocessor systems
depends on the needs of the particular application.
Figures 13a and 13b depict latched interfaces from a
master microprocessor to the HDSP-247X series of
controllers. These interfaces are utilized to avoid having
the master processor wait for the controller to accept data.

In sophisticated systems, it may be desirable to have the
HDSP-247X controller handle all of the keyboard/display
interface while the microprocessor reads edited messages
from the controller DATA OUT port. This function can be
achieved through the use of peripheral interface adapters
(PIA) available from the microprocessor manufacturers.
Figure 14 depicts a 6800 based system in which data may
enter the display from either a keyboard or a
microprocessor. This interface uses a 6821 PIA con-
figured so that PB7 controls whether the microprocessor
or keyboard enters data into the controller. The 6800
program is shown in Figure 15. Subroutine “LOAD” uses
CA1 and CA2 to provide a data entry handshake that
allows the 6800 to load data into the controller as fast as
the controller can accept it. After the prompting message
has been loaded, the microprocessor turns the control of
data entry over to the keyboard. A signal from the
keyboard (“ER” in the example) sets a flag within the 6821.
Depending on how the 6821 is configured, the
microprocessor can either test the flag or allow the flag to
automatically interrupt the microprocessor. Subroutine
“READ” would then be used to read the DATA OUT
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Figure 11a. 8080A Microprocessor Interface to the HDSP-2000 RAM CONTROLLER
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Figure 11b. Memory Write Timing for the HDSP-2000 RAM CONTROLLER
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Figure 14. 6800 Microprocessor Interface Utilizing a 6820 PIA for an HDSP-2470/-2471/-2472 Alphanumeric Terminal

outputs from the controller into the microprocessor
system. The microprocessor uses the CB1 input of the
6821 PIA to determine when to read each of the 34 data
output words into the system.

A similar PIA interface for the 8080A microprocessor is
depicted in Figures 16 and 17.

The HDSP-247X series of controllers are programmed to
default to “Left Entry” mode for a 32 character string of
displays. If some other entry mode or string length is
desired, it is necessary to either load the appropriate
control word from the microprocessor or to provide a
control word during PCWER ON RESET. The controller
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will read the DATA IN lines during RESET and interpret
the contents as the control word. The circuit depicted in
Figure 18 can be utilized to load any desired prepro-
grammed word into the HDSP-247X controller, during
power on.

Under certain operating conditions, it may be desirable to
vary the brightness of displays controlled by the HDSP-
247X controllers. The circuit depicted in Figure 19 may be
utilized to provide manual brightness control of the
display through pulse width modulation. Automatic
control may be achieved by substituting an appropriate
value photoconductor for potentiometer R1.
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* PORT CONFIGURATION:

»

1.

PRI RN

»

Loc

0000

0100
0101
0102

0400
0403

0406
0407
0408
040B
040D
040F
0411

0413
0416
0418

041A
041D
041F
0420
0421

0423

0426
0428

042A

042B
042D
042F
0430
0432
0434
0437
043A
043D
043F
0441
0443

0500
0503
0506
0508
050B
050D
0510
0512
0515
0517

0S1A
0S1B
05S1E

0521
0524
0526
0529
042B
052E

PORT A:
PAO-PA7 OUTPUTS TO DATA IN OF HDSP-247X
CAl (INPUT) MODE 00 SET FLAG NEG EDGE OF READY
CA2 (OUTPUT) MODE 100 CLEARED MPU READ PRA, SET
NEG EDGE OF READY

PORT B:
PBO-PB6 INPUTS DATA TO 6800 FROM DATA OUT OF HDSP-247X
CB1 (INPUT) MODE 00 SETS FLAG NEG EDGE OF DATA VALID
CB2 (INPUT) MODE 000 SETS FLAG NEG EDGE OF ER KEY
CB2 (INPUT) MODE 001 SETS FLAG NEG EDGE OF ER KEY
CAUSING IRQ

PB7 (OUTPUT) LOW ENABLES PA0-PA7 TO MUX
HIGH ENABLES KEYBOARD TO MUX

OBJECT CODE SOURCE STATEMENT

8008 PRA EQU $8008
8008 DRA EQU $8008
8009 CRA EQU $8009
800A PRB EQU $800A
800A DRB EQU $800A
800B CRB ' ° EQU $800B
ORG $0000

MESSAGE RMB 2
ORG $0100

STATUS RMB 1

CURSOR RMB 1
DATA RMB 32

CE 0100 READ LDX 1, STATUS

B6 800A LOOPI LDA A E,PRB CLEAR CBI AND CB2
SF CLR B

sC LOOP2 INC B

B6 800B LDA A E,CRB

2A FA BPL LOOP2 WAIT FOR DATA VALID
Cl 0A CMP B 1,10

23 F2 BLS LOOP1

C6 21 LDAB 1,33

B6 800A LOOP3 LDA A E,PRB READ AND CLEAR CBI
84 7F AND A [, 87F

A7 00 STA A X,0 STORE IN RAM

B6 800B LOOP4 LDA A E,CRB

2A FB BPL LOoOP4 WAIT FOR DATA VALID
08 INX

5A DEC B

26 FO BNE LOOP3 READ DATA

B6 800A LDA A E,PRB

84 7F AND A 1, 87F

A7 00 STA A X,0

39 RTS

DE 00 LOAD LDX D, MESSGE

A6 00 LOOPI0 LDA A X,0
08 INX
81 FF CMP A I, $FF LAST WORD IN STRING
27 0D BEQ ENDL JUMP WHEN DONE
B7 8008 STA A E,PRA
7D 8008 TST E,PRA CLEAR CAl AND CA2
B6 8009 LOOPil LDA A E,CRA
2A FB BPL LOOPI11 WAIT
20 EC BRA LOOP10
DF 00 ENDL STX D, MESSGE
39 RTS
ORG 80500
7F 8009 START CLR E,CRA
7F 800B CLR E,CRB
86 FF LDA A I, SFF
B7 8008 STA A E,DRA
86 24 LDA A 1,824
B7 8009 STA A E,CRA
86 80 LDA A 1,880
B7 800A STA A E,DRB
86 04 LDA A 1,804
B7 800B STA A E,CRB
* PROCEDURE TO LOAD HDSP-247X SYSTEM
OE
7F 800A CLR E,PRB DISABLE KEYBD FROM MUX
BD 042B JSR E, LOAD
* PROCEDURE TO READ DATA OUT OF HDSP-247X SYSTEM
7D 800A TST E,PRB  CLEAR CBI,CB2
86 80 LDA A 1,880
B7 800A STA A E.PRB ENABLE KEYBD TO MUX
86 0C LDA A I, $0C
B7 800B STA A E.CRB  ENABLE IRQ,
OF SEI IRQ CAUSE JSR TO READ

PORT CONFIGURATION:
1. PORT A (MODE 1 OUTPUT):
PAO0-PA7 OUTPUTS TO DATA IN OF HDSP-247X
PC7 (OBF) OUTPUT; TO CHIP SELECT
PC6 (ACK) INPUT; TO READY
FLAG.PC7 (OBF) CLEARED BY OUTPUT; SET BY READY

PBO0-PB6 INPUTS DATA FROM DATA OUT OF HDSP-247X
PC2 (STB) INPUT; LOADS DATA ON NEG EDGE OF DATA VALID
FLAG PCO (INTR) CLEARED BY INPUT; SET BY DATA VALID

*
*

*

*

*

*

*

* 2. PORT B (MODE 1 INPUT):
*

*

*

*

* 3. PORTC:

* PC4 OUTPUT; LOW ENABLES PA0-PA7 TO HDSP-247X

* HIGH ENABLES KEYBOARD TO HDSP-247X

LOC OBJECT CODE SOURCE STATEMENTS

000C PA EQU O0CH
000D PB EQU ODH
000E PC EQU OEH
000F CNTRL EQU' OFH

ORG 0E000H
E000 02 EO ASCIL DW TEXT

E002 00 TEXT DS 32

ORG OE100H
E100 00 STAT DB 0
E101 00 ADDR DB 0
E102 00 DATA DS 32

ORG 0E400H
E400 F3 READ DI
E401 FS PUSH PSW
E402 ES PUSH H
E403 Cs PUSH B
E404 OE 20 MVI C,32
E406 21 00 El LX1 H.STAT FIRST WORD
E409 DB 0D IN PB CLEAR INTR
E40B 06 00 LOOPI MVI B,0
E40D DB OE LOOP2 IN PC
E40F 04 INR B
E410 IF RAR
E411 D2 OD E4 INC LOOP2 WAIT UNTIL INTR IS SET
E414 3E 0A MVI A, 10
E416 B8 CMP B
E417 DB 0D IN PB
E419 D2 OB E4 INC LOOP1 WAIT UNTIL STATUS WORD
E41C 77 LOOP3 MOV M, A STORE IN RAM
E41D 23 INX H
E41E DB OE LOOP4 IN PC
E420 IF RAR
E421 D2 1E E4 INC LOOP4 WAIT UNTIL INTR IS SET
E424 DB 0D IN PB
E426 0D DCR C
E427 C2 IC E4 INZ LooP3
E42A 77 Mov M, A STORE LAST WORD
E42B Cl POP B
E42C El POP H
E42D Fl POP PSW
E42E FB El
E42F C9 RET
E430 2A 00 EO LOAD LHLD  ASCll FIRST WORD OF MESSAGE
E433 7E LOOPs MoV A M
F434 FE FF CPI OFFH CHECK TO SEE IF DONE
E436 CA 45 E4 jz ENDL
E439 D3 0C ouT PA OUTPUT TO DISPLAY
E43B 23 INX H
E43C DB 0E LOOP6 IN PC
E43E 17 RAL
E43F D2 3C E4 IJNC LOOP6 WAIT
E442 C3 33 E4 IMP LOOPS NEXT WORD
Ed445 23 ENDL INX H
E446 22 00 EO SHLD  ASCIl
E449 C9 RET
E44A 3E A7 START  MVI A,0A7H PA OUTPUT, PB INPUT
E44C D3 OF ouT CNTRL
E44E 3E 0C MVI A, OCH CLEARINTE A
E450 D3 OF ouT CNTRL
E452 3E 05 MVI A, 05H
E454 D3 OF ouT CNTRL- SETINTEB

* PROCEDURE TO LOAD HDSP-247X SYSTEM
E456 3E 08 MVI A, 08H 5
E458 D3 OF ouT CNTRL  ENABLE A SIDE OF MUX
E45A CD 30 E4 CALL LOAD
* PROCEDURE TO READ DATA OUT OF HDSP-247X SYSTEM

E45D 3E 09 MVI A, 09H
E45F D3 OF ouT CNTRL  ENABLE B SIDE OF MUX
E461 FB El INT MUST CALL READ

Figure 15. 6800 Microprocessor Program that Interfaces to the
Circuit shown in Figure 14.
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Figure 16. 8080A Microprocessor Program that Interfaces to
the Circuit shown in Figure 17.
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Figure 18. External Circultry to Load a Control Word into the
HDSP-2470/-2471/-2472 Alphanumeric System upon Reset

Figure 19. External Circuitry to Vary Luminous Intensity of the
HDSP-2470/-2471/-2472 Alphanumeric Display System

DECODER | DECODER
ADDRESS | ADDRESS | HDSP-2471
FOR FIG. FOR ROM
7a,7b,10 | FIG.6 | ADDRESS HEXIDECIMAL DATA
ES00 - 0600 080 08 30 45 70 7D 38 7E 30 60 1E 3E 62 40 08 38 41 COLUMN,
090 10 18 SE 78 38 78 38 3C 38 3C 38 08 20 12 48 01
0A0 00 00 00 14 24 23 36 00 00 00 08 08 OO 08 00 20
080 3E 00 62 22 18 27 3C 01 36 06 00 00 00 14 41 06
oco 3E 7E TF 3E 7F 7F JF JE TF 00 20 7F 7F IF 7F 3E
000 7F 3E 7F 26 01 3F 07 7F 63 03 61 00 02 41 04 40
0E0 00 38 7F 38 38 38 08 08 7F 00 20 00 00 78 7C 38
0F0 7C 18 00 48 04 3C 1C 3C 44 04 44 00 00 00O 08 2A
E580 0680 100 1C 48 29 09 09 44 01 4A 50 04 43 14 3C 7C 44 63 COLUMN;
110 08 24 61 14 44 15 45 43 45 41 42 08 7¢ 19 JE 12
120 00 5F 03 7F 2A 13 49 08 00 41 2A 08 586 08 30 10
130 51 42 51 41 14 45 4A 71 43 49 36 5B 00 14 22 O1
140 41 09 49 41 41 49 09 41 08 41 40 08 40 02 04 41
150 09 41 09 49 01 40 18 20 14 04 51 00 04 41 02 40
160 07 44 48 44 44 54 7E 14 0B 44 40 TF 41 04 00 44
170 14 24 7C 54 3E 40 20 40 28 48 64 08 00 41 04 65
EG00 0700 180 3r 45 11 11 05 44 29 4D 48 04 43 08 20 04 44 55 COLUMNg
190 78 TE 01 15 45 14 44 42 44 40 40 2A 02 15 49 1C
1A0 00 00 00 14 7F 08 56 07 3E 3E 1C 3E 38 00 30 08
180 49 TF 49 49 12 45 49 09 49 49 36 3B 14 14 14 51
1c0 5D 09 49 41 41 48 09 41 08 7F 40 14 40 OC 00 41
100 09 51 19 49 7F 40 60 18 08 78 49 7F 08 7F TF 40
1E0 0B 44 44 44 44 54 09 54 04 7D 44 10 7F 18 04 44
1F0 24 14 08 54 44 40 40 30 10 30 54 36 77 36 08 2A
E680 0780 200 TF 40 29 21 05 38 26 49 50 38 49 10 20 7C 3C 49 COLUMN,
210 08 24 61 14 3C 15 3D 43 45 41 42 1C 02 12 41 12
220 00 00 03 7F 2A 64 20 00 41 00 2A 08 00 08 00 04
230 45 40 49 43 TF 45 49 05 49 29 00 00 22 14 08 09
240 55 09 49 41 41 49 09 51 08 41 40 22 40 02 10 41
250 09 21 29 49 01 40 18 20 14 04 45 41 10 00 02 40
260 00 3C 44 44 48 54 02 54 04 40 30 28 40 04 04 44
270 24 7C 04 54 20 20 20 40 28 08 4C 41 00 08 10 55
E700 0800 280 00 30 45 70 79 44 10 30 60 40 3E €0 1C 02 04 41 COLUMNg
290 04 18 SE 78 40 78 40 3C 38 3C 38 08 02 00 42 01
2A0 00 00 00 14 12 62 50 00 00 0O 08 08 00 08 00 02
280 3E 00 46 36 10 39 30 03 36 1E 00 00 41 14 00 06
2C0 1E 7€ 36 22 3E 41 01 72 7F 00 3F 41 40 IF 7F 3E
200 06 5E 46 32 01 3F 07 7F 63 03 43 41 20 00 04 40
2E0 00 40 38 20 7F 08 00 3C 78 00 00 44 00 78 78 38
2F0 18 40 04 20 00 7C 1C 3C 44 04 44 00 00 00 08 2A

Figure 20. 128 Character ASCIlI Decoder Table Used by the 6800 Refresh Program in Figure 6, 8080A Refresh Programs in Figures
7a, 7b, and 10, and the HDSP-2471 DISPLAY PROCESSOR CONTROLLER. Decoded 5x7 Display Font is shown in the HDSP-247X

Data Sheet
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HEWLETT [hp; PACKARD

COMPONENTS

APPLICATION NOTE 1002

Consideration of CTR Variations in
Optically Coupled Isolator
Circuit Designs

INTRODUCTION — Optocouplers Aging Problem

A persistent, and sometimes crucial, concern of designers
using optocouplers is that of the current transfer ratio,
CTR, changing with time. The CTR is defined as the ratio
of the output current, I, of the optocoupler divided by the
input current, IF, to the light emitting diode expressed as a
percentage value at a specified input current. The resulting
optocoupler’s gain change, ACTR+, with time is referred to
as CTR degradation. This change, or degradation, must be
accounted for if long, functional lifetime of a system is to
be guaranteed.

A number of different sources for this degradation will be
explained in the next section, but numerous studies have
demonstrated that the predominant factor for degradation
is reduction of the total photon flux being emitted from
the LED, which, in turn, reduces the device’s CTR. This
degradation occurs to some extent in all optocouplers.

*ACTR = CTRy,, — CTR,, (1)

initial
Causes

The main cause for CTR degradation is the reduction in
efficiency of the light emitting diode within the opto-
coupler. Its quantum efficiency, n, defined as the total
photons per electron of input current, decreases with
time at a constant current. The LED current is comprised
primarily of two components, a diffusion current com-
ponent, and a space-charge recombination current:

(2)
Ve /kT V /2kT
Vg = Ae TR g ITF
\.’W
Diffusion Space-Charge Recombination

where A and B are independent of Vf, qis electron
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charge, k is Boltzmann’s constant, T is temperature in
degrees Kelvin, and Vp is the forward voltage across
the light emitting diode.

The diffusion current component is the important radiative
current and the non-radiative current is the space-charge
recombination current. Over time, at fixed VF, the total
current increases through an increase in the value of B.
From another point of view, with fixed total current, if the
space-charge recombination current increases, due to an
increase in the value of B, then the diffusion current, the
radiative component, will decrease. The specific reasons for
this increase in the space-charge recombination current
component with time are not fully understood.

The reduction in light output through an increase in the
proportion of recombination current at a specific I is due
to both the junction current density, J, and junction
temperature, Ty. In any particular optocoupler, the emitter
current density will be a function of not only the required
current necessary to produce the desired output, but also of
the junction geometry and of the resistivity of both the P
and N regions of the diode. For this reason, it is important
not to operate a coupler at a current in excess of the manu-
facturer’s maximum ratings. The junction temperature is
a function of the coupler packaging, power dissipation
and ambient temperature. As with current density, high Ty
will promote a more rapid increase in the proportion of
recombination current.

The junction and IC detector temperature of Hewlett-
Packard optocouplers can be calculated from the following
expressions:

Ty=Tat eJA (VFIF) + eD-E (Volo + Vcc'cc)
(3)

To = Ta* %0 Ve'r) *fpa Volo * Veclee!

-4
=
—
<
o=
-_
—
n_z
a.
<T




where the Ty is the junction temperature of the LED
emitter, Tpy is the junction temperature of the detector
IC, T A is ambient temperature, and the thermal resistances
are the emitter junction to ambient, 67, = 370°C/W = OpA
detector to ambient, and the detector to emitter thermal
resistance is 6pp = 170°C/W = 0gp- Vp» Ip are the
forward LED voltage and current; V,, 1, are the output
stage voltage, and current and Ve I are the power
supply voltage and current to the device. In general, it is
desirable to maintain T} < 125°C.

A useful model can be constructed to describe the basic
optocoupler’s parameters which are capable of influencing
the current transfer ratio. The 6N135 optocoupler, Figure 1
is the simplest device and one which is easily accessible for
needed parameter measurements. However, ' any opto-
coupler can be modeled in this fashion within its linear
region. Figure 1 shows the system block diagram which
yields the relationship of input current, Ig, to output
current, I . The resulting expression for CTR is:

|
CTR =~ (100%) = K Rnllg,) Bip) @)
F

where K represents the total transmission factor of the
optical path, generally considered a constant as is R, the
responsivity of the photodetector, defined in terms of
electrons of photocurrent per photon. n is the quantum

efficiency of the emitter defined as the photons emitted per
electron of input current and depends upon the level of
input current, I, and upon time. Finally, 8 is the gain of
the output amplifier and is dependent upon Ip, the
photocurrent, and time. Temperature variations would, of
course, cause changes in n, § as well.

From Equation (4), a normalized change in CTR, at
constant I, can be expressed as:

ACTR _ An N ﬂ olnB N éﬂ
cTR  \n /i (n 1e\aintp/t \ 8 /1p

The first term, An/n, represents the major contribution to
ACTR due to the relative emitter efficiency change;
generally, over time, An is negative. This change is strongly
related to the input current level, IF, as discussed earlier
and more elaboration will be given later. The second term,
(An/n)ig  (3lng/dlnlp),, represents a second order effect
of a shift, positive or negative, in the operating point of the

" output amplifier as the emitter efficiency changes. The
third term, (AB/B)Ip, is a generally negligible effect which
represents a positive or negative change in the output
transistor gain over time. The parameters K and R are
considered constants in this model.

(5)

'F
+Vccz
le
—_—
o
b
ELECTRICAL CIRCUIT
wput 'F | TOTALLED e TRANSMISSION RESPONSIVITY| Ip GAIN OF lo  OUTPUT
EFFICIENCY OF OPTICAL »| OF PHOTO- » OUTPUT
CURRENT et) INTERFACE DETECTOR AMPLIFIER CURRENT
T K R 8llp)
&lg=1gn (Igt) KRB (lp)
Figure 1. System Model for an Optocoupler
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Degradation Model

In this section, an extensive test program conducted at
Hewlett-Packard to characterize the CTR degradation
of optocouplers is discussed. The development which will
follow is mainly of interest to those concerned with

* reliability and quality assurance. From the basic data, the
CTR degradation equations will be developed in order to
predict the percentage change in CTR with time. Complete
data and analysis of CTR degradation will be found in an
internal Hewlett-Packard report.

This study is based on a total of 640 optocouplers of the
6N135 type (Figure 1) with 700nm GaAs ;P 5 LEDs
from twenty different epitaxial growth lots representing a
range of n-type doping and radiance. The 6N135 allows
access to measurement of the emitter degradation via the
relative percentage change in photodiode current, AIP/IP,
as well as output amplifier § change. Stress currents of
IFS = .6, 7.5, 25 and 40 mA were applied to different
groups of optocouplers, and at each measurement time of
t=0, 24, 168, 1000, 2000, 4000 and 10,000 hours,
measurement currents of IFM =.5,1.6,7.5,25 and 40 mA
were used to determine the CTR.

The important results to be noted are the following. First, a
factor of major significance in the study of CTR
degradation is the ACTR varies as a function of the ratio of
Igg/Igy = R. Large values of R will result in greater CTR
degradation than at lower R values with the same
magnitude of Igg. However, knowledge of the ratio of
IFS/IFM alone does not give a complete picture of

Figure 2 displays the mean and mean plus 20 values
of emitter degradation versus R for 1K, 4K, and 10K hours
at 25°C. Accelerated degradation can be seen at larger R
values.

The data of Figure 2 can be replotted to illustrate the
percentage degradation versus time as a function of R.
Figure 3 illustrates the mean and mean plus 20 distribution
with R =1 and 50.

From this curve, a useful expression which relates the
average degradation in emitter efficiency to time is
obtained for the mean or mean plus 20 distributions. [The
symbol “D” will refer to CTR degradation due solely to
emitter degradation, An/n, whereas ACTR/CTR will refer
to total CTR degradation as expressed in Equation

©)B

(6)
Ale (R) T
- — a.n = :
D)-(-orD)-(-+20=I—— AOR t forIFS-IFs in%
P

where t is in 103 hours and A, and a differ for mean or
mean plus 20. Equation (6) represents an average
degradation corresponding to a specific R, t, and an average
stress current Ipg. A knowledge of Igpg and the actual
device operating stress Ipg can be utilized to correct D to
reflect the absolute magnitude of Igg. This will be shown in
the development of Equations (11) and (13). The data
shows that Igg increases with R and can be represented as
follows:

degradation because ACTR is also dependent upon the _ (7)
absolute magnitude of the stress current, IIFSI. The IFS(R) = 14.13+9.06 log;gR , TA=25°C
following data will allow the derivation of the necessary
equations with which to predict ACTR as a function of (8)
IFS’ IFM and time. IFS(F\‘) = 10.5+5.76 Iog.]oR , TA =85°C
WO T T T 11117 T T T 11711 T T 11777
[~ T,=25°C
1] S 1
T p— - ~ -
F I~ -~ -~
S 10K HRS. -
£ el -~
g+ P
a — L~
< -
& Z->‘;// P
= == \VA 3
e - - 1KHRS,
z r - > .
g - 7 === ]
& 555’ 4K HRS. -
1 L4t LIl | RN L1 L 1ifll IR
01 .05 A 5 1 5 10 50 100

R

Figure 2. Emitter Degradation vs. R (Ratio of Stress Current to Measurement Current) for 1k, 4k, and 10k Hours,

Mean, Mean +2¢ Distribution, T = 25°C.
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TIME (hours)

Figure 3. Degradation vs. Time at R = 1 and R = 50 for Mean, Mean + 20 Distributions, TA= 25°C.

These equations are obtained from averaged degradation
data versus Ig at different measurement times.

The expression for n(R) was found to obey the relationship

n(R) = .0475 logqoR +.25 (9)
A, and a were determined from degradation data versus R
and are found in Figure 7, “Matrix of Coefficients.”

Equation (6) gives a_direct relationship between the
average degradation, D, and time. As mentioned earlier,
the magnitude of the stress current also determines the
amount of degradation. In order to allow for the effect
of IIFSI, empirical observations were made on D at
different Ipg and at different times for several values of R.
The dependence of degradation on stress current is linear
up to Igg = 40 mA, for all values of R. From these
observations, the average rate of change, or slope, S(R,t), of
degradation D with Igg over time was found to behave in
the following fashion for any R:

aD

s=—-=

Al

«(R) logqgt +B(R)  %/mA (10)

(7]

where t is in 103 hours, the coefficients a(R) and B(R) can
be found on Figure 7.

Along with Equation - (10), the mean distribution
degradation, Dy, can be estimated for any specific stress
current, IFS’ ratio R, and time t via the subsequent
expression:

%

D= Dg+$ [1pg — Iggl (1)

or substituting Equation (6),

Dy = ARMRlas g Tl % (12)
where, again Dx is the average degradation at time t, in
units of 10° hours, corresponding to a stress current,
-I-FS’ given by Equations (7) and (8); Igg is the actual stress
current and R=IFS/IFM; S is the expression (10) for the
change of slope of D versus Igg with time; n(R) is a power
of t, given by Equation (9), and A & are found in Figure 7.

Equation (12) gives the mean distribution degradation
by using a degradation value, D (first term), corresponding
to the ratio of IFS/IFM’ or a stress current,TFs, and then
applying a correction quantity (second term) to D due to
the magnitude of the actual stress current, Irg, yielding the
actual degradation D.

The expression for the mean + 20 distribution degradation,
D 4 200 (worst case) is almost of the same form as
Equation (12). The dissimilarity arises from the fact
that the standard deviation, o, is dependent upon the stress
current, Igg, the ratio R, and upon time. This complex
dependency was analytically deduced from the data to be
the following expression:

Dr+20 = Dxag*[S+2P) llgg—1Iggl % (13)
or substituting Equation (6)
D)? +20 = AoRatn(R) +[S+2P] ['Fs _TFS] (14)

where D 4 5 is the degradation for X + 2¢ distribution
corresponding to the stress current Ipg, Equations (7)
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and (8). A, and a are found in Figure 7 under the X+20
category. S [Equation (10)] represents the slope to correct
for actual IFS versus TFS current levels, and P [Equation
(15)] is the new term which is a slope to correct for the o
variation with Irg, R and t. The coefficients ¥(R), 8(R) in
P are found in Figure 7.
P = 7(R) log4gt + 8(R)

%/mA (15)

where t is in 103 hours.

The degradation Equations (11) and (13) are considered
accurate for the ranges of Ipg < 40 mA and R < 20;
outside this range, the model does not predict degradation
as well. Hence, check to see if Ipg and R satisfy the
above conditions. If IFS or R exceed these limits,
predition of D will be, in general, greater than the
actual degradation due to large values for S and P which do
not reflect actual S and P. If I_FS is approximately equal to
the actual Igg, then the second term in the degradation
equations need not be determined. Otherwise, the second
term needs to be determined to obtain true emitter
degradation, D. If Igg < Igg, then the degradation, D, will
be less than the _gegradition, D, corresponding to IFS’ and
vice versa wl'_gn Ine > IFS' A quick and coarse estimate for
degradation D can be obtained by using D = AORO‘t“(R) for
a specific R with approximate values for @ ~ 0.4 and
n~0.3. Figure 4 represents plots of Equations (11) and
(13) for R = 1 and IFg = 1.6, 6.3, and 16mA at both
TA = 25°C and TA = 85°C. These plots are very useful in
making a quick approximation of D for the specific condi-
tions for which the plots have been made. These condi-
tions represent the recommended operating conditions for
the three HP optocoupler families.

This discussion of reliability data and its interpretation with
model equations is qualified to specific optocouplers,
6N135 and 6N138, where continuous LED operation was
maintained, and extrapolation of data for times beyond
10,000 hours is assumed to be valid. Different types of
LEDs or preparation processes may produce different
results than those presented in this section. These
expressions only incorporate the first order effect, emitter
degradation An/n, whereas comments about higher order
effects upon total CTR degradation will be given in the
following section. With these expressions for degradation,
accelerated testing may be accomplished by employing
large values of R. Such testing can provide a means by
which to determine acceptable emitter lots for optocoupler
fabrication, acceptable degradation performed for lot sel-
ection, or predict functional lifetime expectance for
optocouplers under specific operational conditions.

An important point to note is that the total operational life
of an optocoupler is greater than the worst case mean plus
20 distribution implies. Specifically, the worst case
degradation given in Figures 4a (25°C) and 4b (85°C)
are for the continuous operation of the 6N135 optocoupler.
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The actual lifetime for an optocoupler is greater than
Figures 4a and 4b would indicate since the majority of
units will be centered around the mean distribution lifetime.
Secondly, the optocoupler which is operated at some
signal duty factor less than 100%, for example 50%, would
increase the optocoupler’s life by a factor of two. Third,
the fact that an optocoupler is used within equipment
which may have a typical 2000 hours per year (8 hours/day
— 5 days/week — 50 weeks/year) instrument or system
operating time, could expect to increase the optocoupler’s
life by another factor of 4.4 in terms of years of useful life.
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Figure 4. Calculated Curves of Relative Emitter Efficiency
vs. Time for P=1: Igg=Ifgm = 1.6, 6.3, and
16mA which are Recommended Ig for 6N 138,
6N137, and 6N 135 Optocouplers Respectively.
Mean, Mean + 20 Distributions. a) Tp = 25°C,
b) Tp=85°C.
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The appropriate operating time considerations will vary
depending upon the designer’s knowledge of the system
in which the optocoupler will be used. The operating life-
time of an optocoupler can be expressed, for a maximum
allowable degradation at a particular IFS, by using Figures
4a and 4b for tcontinuous lifetime and the following

expression:
tsystem Data Duty | | System Use
lifetime|| Factor Data Factor
Another equally important point to observe is that of the
worst case conditions under which the optocoupler is used.
As will be illustrated in the design examples, the worst
possible combination of variations in Vccl’ Vch’ Rin’
CTR Ry, Ijp, and temperature still result in the opto-
Eler functioning over an extended length of time
(10 hours) for a particular maximum allowable degra-
dation. However, the likelihood of seven parameters all
deviating in their worst directions at the same time is
extremely remote. A thorough statistical error accumu-

lation analysis would illustrate that this worst-worst case is
not a representative situation from which to design.

(16)

tcontinuous =

lifetime

Higher Order Effects

The first order effect of emitter degradation, An/n, has a
pronounced influence upon the ACTR as explained in
the previous sections; however, consideration of higher
order effects is important as well.

Consider the second term in Equation (5) (An/n)IF
(0In3/dInlp)t, the emitter degradation part has been
explained; however, (0InB/dInlp); represents a shift in
the operating point of the output amplifier of an opto-
coupler. The term (dInB/dlnlp) can be rewritten as
(1/2.3[3)(3[3/810g101P) which is more convenient to use
with the accompanying typical curves of § versus log;olp
for the two optocouplers 6N135 and 6N138, given in
Figure 5a.

If the operating photocurrent, Ip, is to the right of the
maximum f point of either curve, then with reduced
emitter efficiency over time, Ip will decrease, but the
increasing § will tend to compensate for this degradation.
However, if the operating Ip is to the left of the maximum
B and then IP decreases, the § change will accentuate the
emitter’s degradation, yielding a larger CTR loss. The
magnitude of the contributions of alnﬁ/alnIP to overall
CTR degradation can be illustrated by the following
examples.

Consider a 6N138 optocoupler of Figure Sc operating
at its recommended I = 1.6 mA which corresponds to
an Ip ~ 1.6pA. (An I to Ip relationship for Hewlett-
Packard optocouplers is 1 mA input current yields ap-
proximately 1uA of photodiode current.) At Ip = 1.6uA.
the slope of the V- = 5V curve is equal to -15,000 and the
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gain is § = 26,000; hence, alnﬁlalnIP ~ .0.25. If, for
instance, the emitter degradation An/n is -10%, then
the second order term would improve ‘the overall CTR
degradation, i.e., !

CHNem)

This improvement is what was expected while operating on
the right side of the 8 maximum. In fact, with an IF =4 mA
or Ip ~ 4uA, the term dlng/dlnlp = -0.8, and again, if
An/n= -10%, the resulting ACTR/CTR = -2%, nearly
cancelling the emitter’s degradation.

(17)
-7.5%

ACTR
CTR

.= -10% +2.5% =
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Figure 5. a) DC Current Gain, 3, vs. Photocurrent, Ip, for
6N 135 and 6N138 Optocouplers. Current Dia-
grams and Typical Values of | and CTR for
Hewlett-Packard Optocouplers, b) 6N135,

c) 6N138.



With the 6N135 optocoupler, Figure 5b operating at:
IF = 10 mA, or IP ~ 10uA, which corresponds to the
maximum f point on the V~ = .4V curve, the slope is zero
and the total CTR degradation is basically the emitter’s
degradation.

Another subtle effect is seen from the third term in
Equation (5), (AB/B)Ip, over time. At constant Ip, 8
can increase or decrease by a few percent over 10,000
hours. This change is so small that the third term is generally
neglected.

For the optocouplers containing an output amplifier, such
as the 6N137, which switches abruptly about a particular
threshold input current, the actual emitter degradation can
be determined from Equations (11) and (13). An appro-
priate IFjn;i can be determined to provide for ade-
quate guard band current which will allow the opto-
coupler emitter to degrade while maintaining sufficient
Ip to switch the amplifier. An actual design procedure to
determine the needed IFj i, for proper operation of
Hewlett-Packard optocouplers is given in the design
examples section.
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Figure 6. a) Output Current, IQ, vs. Photocurrent, Ip, for
6N137 Optocoupler.
b) Circuit Diagram and Typical Values of | f and
CTR for 6N137 Optoceupler.
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Procedure for Calculation of CTR Degradation

1.

2.

9a.

9b.

Specify 'Fs' 'FM

Determine R = 'FS/'FM <20

Degradation Model Equations {11) and (13) Valid

lFs<4O mA

First Approximation of Degradation

Dy =ARYM" (%)  with a~.4,A (Figure7)
or n=.3,tin 103 hours
X +20 (D corresponds to IFS)
_ 14.13 +9.06 iogqyR @ 25°C Equation (7)

Calculate lFs = o .
105 +5.76logqyR @85°C Equation (8)

If 'FS ~ 'FS' Step 6 and the second terms in
Equations (11) and (13) do not need to be calculated.

Calculate n(R) = .0475 logqoR +.25

Calculate S = a(R) Iog.lot +B(R) a(R), B{R) Figure 7
P = 7(R) logqgt +5(R) v(R), 8(R) tin 103 hours
Calculate Mean, Mean + 20 Degradation
Dy = AoRat"(R) +S llpg - 'FS] % Equation (11)
Dy 420 = ARUMR) 415 +20] [1pg—ipg] %  Equation (13)

(Ao' « via Figure 7, tin 108 hours)
For Second Order Effect, Determine Slope

ding 1 o Figure 5a — typical curves with an approximation
a|n|P N 2.38 a'°91OIP for HP optocouplers of i = 1mA yields Ip ~ TuA

Total CTR Degradation for Mean Distribution

ACTR 3Ing

X X
CTR dlnlp

Total CTR Degradation for Mean + 2¢ Distribution

ACTR dlng

—_—= D~ + D —_—
CTR  X*20° "x+20 Gip
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Practical Application

A very common application of an optocoupler is to
function as the interfacing element between digital logic.
In this section, the designer will be shown an approach
which will insure the initial and long term performance
of such an interface, and take into account the practical
aspects of the system that surrounds it. These system
elements include the data rate, the logic families being
interfaced, the variations of the power supply, the
tolerances of the components used, the operational
temperature range, and lastly the expected lifetime of the
system.

The system data speed can be considered as the primary
selection criteria for selecting a specific optocoupler family.

'o (CTRINE)
6N135/6 0" o0
IFIg > Ig =)L THEN OUTPUT

TRANSISTOR WILL BE IN
SATURATION

LOGICAL FUNCTION: A=B

Figure 8. Typical Digital Interface Using an Optocoupler.

Veet (M) ~ VE (max) — VoL

1 =
Figure 9 lists the ranges of data rates for four Hewlett- F (MIN) R. ™ (18)
Packard optocoupler families when driven at specified in (MAX)
LED input current, I. With this table, and the know- Vv
ledge of the system data rate requirements, it is pos- | _ “cel (MAX) —~VE (in) — Vou
sible to select an optimum coupler. F (MAX) ~ R. (19)
in (MIN)
An example of an optocoupler interconnecting two logic
gates is shown in Figure 8. A logic low level is insured 1, x 100 (20)
when the saturated output sinking current, I, is greater lg=———
than the combined sourcing currents of the pull-up resistor, CTR(MIN)
and the logic low input current, I , of the interconnecting V 4=V —V
. . : X ccl F oL
gate. Using the coupler specifications selected from Figure Rp="" 21)
9 and the corresponding CTR (MIN) from Figure 10, e
RZ DATA INPUT CURRENT — I
FAMILY RATE BITS/S
5mA 1.0mA 1.6mA 7.5mA 10mA 12mA 16mA
6N135/6 MIN 333k
SINGLE
(o]

TRANSISTOR Tvp m

6N138/8 MIN 12k 22k 125k

SPLIT

DARLINGTON TP 100K 200k 840k

ANOOE| 1} o]ve MIN 1.8k
4N45/6 CATHODE[ZH, v
DARLINGTON 5 ono
: TYP 640 6.5k

6N137 Vee B MIN 6.7M

OPTICALLY ANODE ‘5_13“‘

COUPLED ~ CATHODE (8] Your

GATE GNo {5 TYP 10M

Figure 9.
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Figure 13.56-2. Optocoupler Data Rates Specifications.

NOTES

=
=]
=
<<
=]
—
a
a
<




% CTR@ 1. = (mA)
F
FAMILY T;ECMP VoL
5 1.0 1.6 5 10 16
SINGLE 6N135 7 25 0.4
TRANSISTOR
6N136 19
6N138 300 0-70 0.4
SPLIT
DARLINGTON
6N139 400 500 0-70 0.4
4NA5 250 200 0-70 1.0
DARLINGTON
4N46 350 500 200 0-70 1.0
OPTICALLY
COUPLED 6N137 400 0-70 0.6
GATE
Figure 10. Optocoupler CTR (MIN).

it is possible to determine from Equation (20) the
minimum initial value of IF for the coupler. The design
clzrliteria is that Iy 21Ty + Iy for the Vi specified in Figure

Using Equation (21), the typical value of Rjp can be
calculated for the selected I and the logic low output
voltage, Vyp , of the driving gate. The V5 of the logic
family is given in Figure 11. The next step is to de-
termine the worst case value of the LED input current,
Ig, resulting from the tolerance variations of the LED
current limiting resistor, R;,, and the power supply voltage,
Vccl' The conditions of Ipminy 2@nd  the initial
CTR (MIN) are then used to determine the initial worst case
value of IO IN)- Conversely, the worst case CTR
degradation will occur when the LED is stressed at
IF(M AX) conditions; thus, IF AX will be used to
determine the worst case degradation of the optocoupler
performance. Using the maximum V__; and the minimum
Rin will accomplish this worst case calculation, as shown in
Equation (19).

TTL FAMILY e Vi Y ViH oL VOL loH VOH
748 -2mA 8V 50uA 2V | 20mA 5V —-1000uA 2.7V
74H -2mA .8V 50uA 2V |[20mA 4V - 500uA 24V
74 ~1.6mA .8V 40uA 2V || 16mA .4V - — 400uA 24V
74L8 -36mA 8V 20uA 2V 8mA 5V -~ 400uA 27V
74L —18mA 7V 10uA 2V ||36mA .4V - 200uA 24V

Figure 11. Logic Interface Parameters.

The change in CTR from the initial value at time t=0 to a
final value at some later time can be compensated by
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choosing a value of Ry which is consistent with
Io(MIN)"mIIL at the end of system life. Equation
(22) describes this worst case calculation.

(22)

Vee2 (MAX) ~ VoL

R >
L (MIN) = D; 4 9
le(ving CTR(MIN) - 1=\ 700 -
IL
100
Dy 4 95 = worst case CTR degradation

The selection of the maximum value of Ry is also of
important in that its value insures that the collector is
pulled up to the logic one voltage conditions, Vg, under
the conditions of maximum Iy of the coupler, and the
Iy of the interconnecting gate.

(23)

Veez (min)~ Vin

R < =77
L (MAX)
loH (MAX) * ™ hH

The selection of the value of Ry between the boundaries of
Rp (MIN)® and RL (MAX) has certain trade offs. As in any
open collector logic system, Tpp g increases with increasing
Ry . Conversely, as R; is increased above Rpyy. a larger
guardband between Ioppny and Iy + Ip is achieved.
Engineering judgement should be employed here to achieve
the optimum trade off for desired performance.



Using the coefficient Figure 7 and Equations (11) and
(13), the following examples are developed to demon-
strate the methods of optocoupler system design in the
presence of the mean and mean plus two sigma CTR

degradation.
Example 1.

System Specifications

Data Rate 20 k bit NRZ
Logic Family Standard TTL
Power Supply 1 & 2 5V+5
Component Tolerances *5%
Temperature Range 0—170°C

Expected System Lifetime

350 k hr (40 yr) at 50%

system use time and
50% Data Duty Factor

Interface Specifications
Coupler 6N139

CTR (MIN) = 500% @ Ig = 1.6 mA

1]
1)

Logic Standard TTL

I =16mA
Vi = 8V
Il = 16mA
VoL = 4V

Iy = 40uA
Vig =2V
Vou 2.4V

Step 1. Rin (TvP)

Veer ~ VE (Tvp) ~ VoL (24)
Rin =

e (TYP)

50-16—-.4

Rin™ —T=-3— = 187k, select 1.8kQ 5%
1.6 x 10°

Step2. 1 (wax)

Veer (Min) — VF (Max) — VoL (25)

e (Min) = A
in (MAX)
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_475-17-4
E (vin) = = 14mA
1890%2
Step3. 1 (Max)
' Veet (Max) ~ VE (min) ~ VoL (26)
F (MAX) ~
Rin (MIN)
525-14-.4
IF(MAX) = 'ITIT = 2.02mA
Step 4. Determine continuous operation time for LED
emitter.
Leontinuous - tsystem Data Duty System Use
lifetime lifetime Factor Duty Factor

= (40 yr x 8.76 k hr/yr)(50%)(50%)

tcontinuous 87.60K hr

lifetime

Obtain the mean and mean + 20 CTR
degradation at IF (MAX) and
teontinuous lifetime €ither as an
approximation from Figure 4 or by
calculations as shown below.

Step 5.

Step 5a. Determine D;

-25 (27)

Dg = Agt™ + S llgg — s

- .25
D)-(" = 4.95t(k hr) + [.186 Iog t(k hl’) + .055]

[E (max) — 1413 mAl

Dy = 4.95 (87.6)25 + (186 log 87.6 +.055)
(2.02 mA — 14.13 mA)

D)—(- = 10.10% for 40 yr system operation

Step 5b. Determine Dx +20

= ArZ8 + 1S+ 2P] [1pg +Tgg] (28)

Dz + 20

= .25
D = 9.7t(k hey ot [2 (.063 log Y hr) t .081)

X + 20

=
[=)
—
<C
=8
—
a-
oo
<
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+(.186 log t;, | ) +.055)]

Dy 4 25 = 9.7 (87.6)°%5 + [2 (.063 log 87.6 +.081)
+(.186 log 87.6 +.055)]
x [2.02 mA - 14.13 mA]

Dg 4+ 25 = 19.71%

Step 6. Guardband the worst case value of CTR

degradation.

It is often desirable to add some additional operating
margin over and above conditions dictated by simple worst
case analysis. The use of engineering judgement to increase
the worst possible CTR degradation by an additional 5%
margin would insure that the entire distribution would fall
within the analysis. Thus,

Dy 4 95 +5% = 24.71%

Step7.  Selecting Ry (3 ) for guardbanded worst case
Dyiopt5% ., m=1
(22)
Vee2 (max) ~ VoL
R >
L(MIN) oo v
'F(MIN)'CTR(Mm)""( x+20 )
100 /-miy
00
R S 5.25 - 4
L(MIN) =
1.4 x 10'3.500% .1 _(24.71%)
100 /-1 1.6 mA
T00
R (vin) = 1-32kQ
Step8. Select R; (max)
< Vee2 (max)~ VoL (29)
RL (Max) <

o (max) ¥ ™hiH

4.75-24

R <——""" - 81k
L (MAX) = 250,44 +404A

The range of Ry is from 1.32kS2 to 8.1k§2. It is desirable to
select a pullup resistor which optimizes both speed
performance and additional Iy guardband. This criteria
leads to a tradeoff between a value close to Ry (MIN) for
speed performance and one bordering near RL(MAX) for
Io guardbanding. In this design example, the system’s
lifetime has a higher priority than does the moderate speed
performance demanded from the optocoupler. An Ry of
3.3kS2 * 5% is selected under this condition.

An additional guardband of 5% was added to the worst case
Dz 4 9 CTR degradation guardband to insure that even a
greater percentage of the distribution would be accounted
for. The actual percentage difference between IoL (MAX)
and IO (MIN) at the end of system life is shown below:

(30)

B-
CTRmiN) -'F (MIN)'1_< x+2°>

| ~ 100
0 (MIN) 100

(31)

Vee2 (Max) ~ VoL

loL (maX) = +milp |

RL (TYP — 5%)

o (MIN)

For the example shown, the additional end of system life
I guardband results from the selection of an Ry greater
than the RL (MIN) as shown in Steps 9, 10, and 11.

loL (max)
% Guardband =|1 — ————— | X 100 (32)

Step9. | o (MIN) 3 end of system life
500% -1.4mA - [1—- 19.17%
100 _
lo i) = = 5.65mA

100

Step 10. 1o (max) for worst case of Ip (ax) * iL

(33)
 525-.4
loL (MAX) = 573 * 16 ™A = 314mA
Step 11. % Guardband
314 mA
% = 100 = 44.4% (34)

" 5.65mA



Thus, this circuit interface design offers an additional
44.4% 1o guardband beyond the 19.71% required to
compensate for the CTR change caused by 86.7k hr of
continuous operation at an Ig MAX) ©f 2 mA. This extra
guardband results from having chosen an Ry =3.3k rather

_ than the lowest allowable value of Ry plus the engineering
guardband chosen in Step 6.

Example 2.

System Specifications

Data Rate 250K bit NRZ

Logic Family TTL to LSTTL

Power Supply 1 and 2 5V 5%

Component Tolerance +5%

Temperature Range 25°C

Expected System Lifetime 175 k hr (20 yr) at
50% System Use Time
and 50% Data Duty
Factor

interface Conditions

Coupler 6N136
CTR(MIN) = 19% @ IF = 16 mA
VOL = 4V
Ion = 500nA @ Vg, = 5.0V
VEMaX) = L7V @ Ip = 16 mA
Logic LSTTL
IL i .36 mA IoL j 8 mA
Vi = 8V VoL = SV

Again using Figure 7, the data rate dictates the use of
a 6N136 at an I (TYP of 16 mA. Using the same 12 step
worst case analysis, it is possible to determine the values of
R;,» Ry and the degree of guardbanding of I at end of
system lifetime.

Steptl. R, = 18742, select 18052 + 5%
R (min) = 17992

RL (max) = 1890

Step2. | (MIN) = 14.02 mA

Step 3. lF(MAX) = 19 mA

Step 4. System Lifetime
t = 43.8k hr
Step5. Dypand Do, 5, forlp (MAX) of 19 mA
by calculation cr from Figure 4
Dy = 14.5% 43.8k hr
Dy 4 og = 28.5% continuous lifetime
Step 6.  Engineering Guardband of 5%,
Dy 4 95 T 5% = 33.5%
Step 7. RL selection with guardbanding of D, 20t 5%
Ry vy = 3.44k2
Step8. Ry (yax) = 50kS)
Step9. Ry (typ) = 5.1k2 + 5%, R (TYP — 5%)
= 4.84kS% Ry (MAX +5%)
= 5,35k}
Step 10. End of System Life IO (MIN)
lo (i) = 1-5mA
Step 11. 'OL (MAX) = 1.36 mA

Step 12. Engineering % Guardband of '0 MIN) = 9.3%
Example 3.

If a particular design requirements specifies a maximum
tolerable degradation over a system lifetime, the optimum
value of IR(TYP) can be obtained from Figure 12.
For example, if a maximum acceptable degradation,
Dg 4 9g 18 40%, and a continuous operation of 400k hr is
desired, this curve specifies that I should be less
than or equal to 10 mA. A 400k hr continuous operation
with 100% system duty factor as might be encountered in
telephone switching equipment is equivalent to 45 years of
system lifetime.

If a 6N139 split Darlington were used to interface an
LSTTL logic gate with the system specifications stated, a
collector pull-up resistor of as low as 160§2 could be used.
If an Ry of 1k were selected, this optocoupler would
offer an additional end of life guardband of 81.8%. This
worst case analysis points out that with the knowledge of
selecting proper values of Ry , the CTR performance of the

-
e

=
<<
=

et
a.
Q.
<

~NOTES




STRESS CURRENT (mA)
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Figure 12. Stress Current (I FS) vs. Time vs. % Degradation.

coupler far exceeds the normal MTBF requirements for
most commercial electronic systems.

Consideration of the Optically Coupled Gate

System data speed requirements in the multi-megabit range
can also be communicated through an optocoupler. The
first three coupler families listed in Figure 9 are not
applicable in these very high speed data interface appli-
cations; however, the optically coupled gate, 6N137, will
function to speeds of up to 10 MHz. This type of coupler
differs in operation from the single transistor and
Darlington style units in that it exhibits a non-linear
transfer relationship of Ig to Ig. This is shown in Figure
13. The relationship is described as a minimum thres-
hold of LED input current, IFth which is required to
cause the output transistor to sink the current supplied by
the pull-up resistor and interconnected gate. As the LED
degrades, the effect is that a larger value of IF ty, is required
to create the same detector photodiode current necessary
to switch the output gate.

In the previous interface examples, the worst case analysis
and guardbanding is based on the output collector current,
Io. With the optically coupled gate, worst case guard-
banding is concerned with the selection of the initial value
of the I, which at end of system lifetime will generate the
necessary threshold photocurrent demanded by the gate’s
amplifier to change state.
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Figure 13. 6N137 Input — Output Characteristics.



The calculation of the required If to allow for worst case
LED degradation is approached by guardbanding the
guaranteed minimum isolator input current, IFH’ for a
specified 101, and VQI, interface. Equation (35) shows
the relationship of the Ip to I for this coupler.

lpa(lp) , where1.1< n < 1.3 (35)

Using the concept that the guardbanding of the initial value
of Ig will result in a similarly guardbanded Ip, the
relationship presented in Equation (36) results:

] Dz + 24 _[_'PH:I_ En]"” (36)
100 Lied Lig
| ' (37)
F
[1 D)_(+20]"
100

The previous interface example showed that the first term
of the D, 5 equation dominated the magnitude of the
. : an(R)
worst case degradation. This term, AOR t , ie.,
9.7 t(k hr).25 ), does not contain an IF current dependent
term; thus, an approximation of the worst case LED
degradation can be made that relates to the system’s
lifetime. This initial value of D, , 5, can be used in
Equation (37) to calculate the initial value of the Ip.
With this initial IF, a more accurate degradation value
can be calculated using Equation (28). This procedure
results in an iterative process to zero in on a value of Ig
that will insure reliable operation.

The following example will illustrate this approach.
Example 4.

System Specifications

Data Rate 6 MHz NRZ

Logic Family LSTTL to TTL

Power Supply 1 and 2 5V+5%

Component Tolerance +5%

Temperature Range 0-—70°C

Expected System Lifetime 203k hr (23 yr) at 50%
System Use Time and
50% Data Duty Factor

Step 1. Determine the continuous operation time for

LED emitter
t

continuous  _ tsystem Data Duty | System Use
lifetime lifetime Factor Factor

[23 yr 8.76k hr/yr] [50%] [50%]

50.3k hr

355

Step 2.  Calculate the worst case LED degradation

- 25
Dy +25 = 97 Y py)

~ 25
Dy 425 ~ 97 (50.3)

Dy 42, ~ 26%

Step 3.  Calculate the first approximation of guardbanded
IF, n=12
| EH SMA L iimA
F = — = = . m
1- (~D’—( + 20) 1/" .78
100
Step 4. Calculate input resistor Rin

- Veer (min) — VE (max) — VoL

=

in
Ir

475 -17-.4
L S —
n .00641

Rin < 4132 select Rin = 39002 +5%
Rin (MAX)

Rin (MAX) = 4098
Rin (Min) = 37082

Step 5.  Calculate the I (MAX)
| Veer (max) ~ Vr (vin) ~ VoL
F (MAX) ~
Rin (MIN)

525-14-4

g = ————
370

Ig = 9.32mA
Step 6.  Calculate the worst case D , 5 for Ig (ax)
Dj 4 o, = 25.8% +.747 (9.32 mA — 14.13 mA)

Dy 4 95 = 22.2%

>
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y]
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Step 7.  Calculate the new minimum required 'F at end

of life based on degradation found in Step 6.

'EH 5
e = ————=—2= 6.16mA
(EOL) 1222 171.2 .81
100
Step 8. Calculate Ie (MIN)

Veer (min) ~ VE (max) ~ VoL

'E (MIN)

Rin (MAX)
475-17-4
e min) = 209
IE (min) = 647 mA
Step 9. RL (MIN) ,m=1
. Vee2 (Max) ~ VoL
L (MIN) =
ToL (min) — ™
| 525-6
.016 — .0016

RL (Min) = 3320

Step 10. RL (MAX) M= 1

Vee2 (MaX) ~ VoH

R =
L (MAX
) 1oH (Max) ¥ MhiH

47524
R _———
L (MAX) = 250uA + 40uA

RL (Max) = 81k
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Step 11. Minimum % Emitter Degradation Guardband

IF (EOL)
%(MlN) = 1—[—— 100 (38)
F (MIN)
[ 6.16 mA ]
48% = |[1-———— 100
6.47 mA

where IF (EQOL) represents the switching threshold at the
end of life.

Step 12. Maximum % Emitter Degradation Guardband

. IF (EOL)
*max) = |1 —— (100
F (MAX)

34% = |:1 100]

The conclusions that are to be drawn from this analysis are
that as long as the Ig (MAX) s less than IF_S =14.13 mA,
the worst-worst case CTR degradation may be calculated
using only the first term, A R*"™), of the Dy, 5 case.
In the example presented, 26% degradation was determined
from the first term, and when the more accurate calculation
using Equation (28) was used, a 22% degradation re-
sulted. The end of life Ip guardband may be calculated
using Equations (38) and (39). Using Equation (38),
the minimum guardband is 5.7%, and with Equation (39),
the maximum guardband is 35%.

(39)

6.16 mA
9.32 mA
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Application Notes

C

Below is a brief summary of all Optoelectronic Application Notes which are not included
in the catalog. Those that are included are listed also with corresponding page number.
All of the Application Notes are available from your local HP Sales Office or nearest HP
Components Franchised Distributor or Representative.

APPLICATION NOTE 931
Solid State Alphanumeric Display...Decoder/
Driver Circuitry

Hewlett-Packard offers a series of solid state
displays capable of producing multiple
alphanumeric characters utilizing 5 x 7 dot
arrays of GaAsP light emitting diodes (LED'’s).
These 5 x 7 dot arrays exhibit clear, easily read
characters. In addition, each array is X-Y
addressable to allow for a simple addressing,
decoding, and driving scheme between the
display module and external logic.

Methods of addressing, decoding and driving
information to such an X-Y addressable matrix
are covered in detail in this application note.
The note starts with a general definition of the
scanning or strobing technique used for this
simplified addressing and then proceeds to
describe horizontal and vertical strobing.
Finally, a detailed circuit description is given
for a practical vertical strobing application.

APPLICATION NOTE 934
5082-7300 Series Solid State Display
Installation Techniques

The 5082-7300 series Numeric/Hexadecimal in-
dicators are an excellent solution to most
standard display problems in commercial, in-
dustrial and military applications. The unit
integrates the display character and associated
drive electronics in a single package. This
advantage allows for space, pin and labor cost
reductions, at the same time improving overall
reliability.

The information presented in this note
describes general methods of incorporating the
-7730 into varied applications.
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APPLICATION NOTE 937
Monolithic Seven Segment LED Display
Installation Techniques

The Hewlett-Packard series of small end-
stackable monolithic GaAsP displays are
designed for strobing, a drive method that
allows time sharing of the character generator
among the digits in a display.

This Application Note begins with an
explanation of the strobing technique, followed
by a discussion of the uses and advantages of
the right hand and center decimal point
products.

Several circuits are given for typical appli-
cations. Finally, a discussion of interfacing to
various data forms is presented along with
comments on mounting the displays.

APPLICATION NOTE 939
High Speed Optically Coupled Isolators

Often designers are faced with the problem of
providing circuit isolation in order to prevent
ground loops and common mode signals.
Typical devices for doing this have been
relays, transformers and line receivers.
However, both relays and transformers are low
speed devices, incompatible with modern logic
circuits. Line receiver circuits are fast enough,
but are limited to a common mode voltage of 3
volts.

C

In addition, they do not protect very well
against ground loop signals. Now Optically
Coupled Isolators are available which solve
most isolation problems.

This Application Note contains a description of
Hewlett-Packard’s high speed isolators, and
discusses their applications in digital and
analog systems.




APPLICATION NOTE 941
5082-7700 Series Seven Segment LED Display
Applications page 225

APPLICATION NOTE 945
Photometry of Red LEDs

Nearly all LEDs are used either as discrete
indicator lamps or as elements of a segmented
or dot-matrix display. As such, they are viewed
directly by human viewers, so the primary
criteria for determining their performance is
the judgment of a viewer. Equipment for
measuring LED light output should, therefore,
simulate human vision.

This Application Note will provide answers to
these questions:

1. What to measure (definitions of terms)

2. How to measure it (apparatus arrangement)

3. Whose equipment to use (criteria for
selection)

APPLICATION NOTE 946
5082-7430 Series Monolithic Seven Segment
Displays page 266

APPLICATION NOTE 947
Digital Data Transmission Using Optically
Coupled Isolators

Optically coupled isolators make ideal line
receivers for digital data transmission
applications. They are especially useful for
elimination of common mode interference
between two isolated data transmission
systems. This application note describes
design considerations and circuit techniques
with special emphasis on selection of line
drivers, transmission lines, and line receiver
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termination for optimum data rate and
common mode rejection. Both resistive and
active terminations are described in detail.
Specific techniques are described for
multiplexing applications, and for common
mode rejection and data rate enhancement.

APPLICATION NOTE 948

Performance of the 5082-4350/51/60 Series of
Optocouplers in Short to Moderate Length
Digital Data Transmission Systems __ page 270

APPLICATION NOTE 951-1
Applications for Low Input Current, High Gain
Optocouplers page 279

APPLICATION NOTE 951-2
Linear Applications of Optocouplers _ page 283

APPLICATION NOTE 964
Contrast Enhancement Techniques _ page 287

APPLICATION NOTE 966
Applications of the HP HDSP-2000

Alphanumeric Display page 295

APPLICATION NOTE 1000
Digital Data Transmission With the HP Fiber
Optic System page 307

APPLICATION NOTE 1001
Interfacing the HDSP-2000 to Microprocessor

Systems - page 325
APPLICATION NOTE 1002

Consideration of CTR Variations in
Optocoupler Circuit Designs _______ page 341
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HP Components
Franchised Distributor
And Representcative

Directory

United States

Alabama

Hall-Mark Electronics
4739 Commercial Drive
Huntsville 35805

(205) 837-8700

Arizona
Hamilton/Avnet
2615 S. 21st Street
Phoenix 85034
(602) 275-7851

Liberty Electronics

8155 North 24th Avenue
Phoenix 85021

(602) 249-2232

In Tucson (602) 884-7082

California

Elmar Electronics
2288 Charleston Road
Mt. View 94042

(415) 961-3611

Hamilton Electro Sales
10912 Washington Boulevard
Culver City 90230

(213) 558-2020

Hamilton/Avnet
1175 Bordeaux Drive
Sunnyvale 94086
(408) 743-3355

Hamilton/Avnet
8917 Complex Drive
San Diego 92123
(714) 279-2421

Liberty Electronics
124 Maryland Street
El Segundo 90245
(213) 322-8100

Liberty Electronics
9525 Chesapeake Drive
San Diego 92123

(714) 565-9171

Schweber Electronics
17811 Gillette Avenue
Irvine 92714

(714) 556-3880

Colorado

Elmar Electronics
6777 E. 50th Avenue
Commerce City 80022
(303) 287-9611

Hamilton/Avnet
5921 N. Broadway
Denver 80216
(303) 534-1212

Connecticut

Schweber Electronics
Finance Drive

Commerce Industrial Park
Danbury 06810

(203) 792-3500

Wilshire Electronics
2554 State Street
Hamden 06514
(203) 281-1166

Florida

Hall-Mark Electronics
1302 W. McNab Road
Ft. Lauderdale 33309
(305) 971-9280

Hall-Mark Electronics
7233 Lake Ellenor Drive
Orlando 32809

(305) 855-4020

Schweber Electronics
2830 N. 28th Terrace
Hollywood 33020
(305) 927-0511
Georgia

Schweber Electronics
4126 Pleasantdale Road
Atlanta 30340

(404) 449-9170

Indiana
Pioneer-Standard
6408 Castleplace Drive
Indianapolis 46250
(317) 849-7300

lllinois

Hall-Mark Electronics
180 Crossen Avenue
Elk Grove Village 60007
(312) 437-8800

Hamilton/Avnet
3901 N. 25th Avenue
Schiller Park 60176
(312) 678-6310

Schweber Electronics
1275 Brummel Avenue
Elk Grove Village 60007
(312) 593-2740

Kansas

Hall-Mark Electronics
11870 West 91st Street
Shawnee Mission 66214
(913) 888-4747

Hamilton/Avnet

9219 Quivira Road
Overland Park 66215
(913) 888-8900
Maryland

Hall-Mark Electronics
6655 Amberton Drive
Baltimore 21227
(301) 796-9300

Schweber Electronics
9218 Gaither Road
Gaithersburg 20760
(301) 840-5900

Wilshire Electronics
1037 Taft Street
Rockville 20850
(301) 340-7900

Massachusetts
Schweber Electronics
213 Third Avenue
Waltham 02154

(617) 890-8484

Wilshire Electronics
One Wilshire Road
Burlington 01803
(617) 272-8200
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Michigan
Hamilton/Avnet

32487 Schoolcraft Road
Livonia 48150

(313) 522-4700

Schweber Electronics
33540 Schoolcraft Road
Livonia 48150

(313) 583-9242
Minnesota

Hall-Mark Electronics
9201 Penn Avenue, So.
Suite 10

Bloomington 55431
(612) 884-9056

Hamilton/Avnet
7449 Cahill Road
Edina 55435
(612) 941-3801

Schweber Electronics

7402 Washington Avenue, So.
Eden Prairie 55343

(612) 941-5280

Missouri

Hall-Mark Electronics

13789 Rider Trail

Earth City 63045

(314) 291-5350

Hamilton/Avnet
396 Brookes Lane
Hazelwood 63042
(314) 731-1144

New Jersey
Schweber Electronics
43 Belmont Drive
Somerset 08873

(201) 469-6008

Wilshire Electronics
312 Clifton Avenue
Clifton 07015

(201) 340-1900

Wilshire Electronics
921 Bergen Avenue
Suite 1125

Jersey City 07306
(201) 653-4939



New Jersey (Cont'd)

Wilshire Electronics
102 Gaither Drive
Mt. Laurel 08057
(609) 234-9100
New Mexico
Hamilton/Avnet
2524 Baylor S.E.

Albuquerque 87119
(505) 765-1500

New York

Schweber Electronics
2 Townline Circle
Rochester 14623
(716) 424-2222

Schweber Electronics
Jericho Turnpike
Westbury 11590

(516) 334-7474

Wilshire Electronics
10 Hooper Road
Endwell 13760
(607) 754-1570

Wilshire Electronics
110 Parkway So. Drive
Hauppauge, L.I. 11787
(5616) 543-5599

Wilshire Electronics
1260 Scottsville Road
Rochester 14624
(716) 235-7620

North Carolina
Hall-Mark Electronics

1208 Front Street, Bldg. K

Raleigh 27609
(919) 832-4465

* Sales Office only.

Ohio

Hall-Mark Electronics

6969 Worthington-Galena Road
Worthington 43085

(614) 846-1882

Pioneer-Standard
4800 East 131st Street
Cleveland 44105
(216) 587-3600

Pioneer-Standard
1900 Troy Street
Dayton 45404
(513) 236-9900

Schweber Electronics

23880 Commerce Park Road
Beachwood 44112

(216) 464-2970

Oklahoma

Hall-Mark Electronics
4846 So. 83rd E. Avenue
Tulsa 74145

(918) 835-8458

Oregon

Liberty Electronics *

2035 S.W. 58th, Room 111B
Portland 97221

(503) 292-9234

Representative

Northwest Marketing
Associates, Inc.

9999 S.W. Wilshire Street
Suite 211

Portland 97225

(503) 297-2581

(206) 455-5846

Pennsylvania

Hall-Mark Electronics
458 Pike Road
Huntingdon Valley 19001
(215) 355-7300

Pioneer-Standard
560 Alpha Drive
Pittsburgh 15238
(412) 782-2300

Schweber Electronics
101 Rock Road
Horsham 19044
(609) 964-4496
(215) 441-0600

Texas

Hall-Mark Electronics
10109 McKalla Road
Suite F

Austin 78758

(512) 837-2814

Hall-Mark Electronics
9333 Forest Lane
Dallas 75231

(214) 234-7400

Hall-Mark Electronics
8000 Westglen
P.O. Box 42190
Houston 77042
(713) 781-6100

Schweber Electronics
14177 Proton Road
Dallas 75240

(214) 661-5010

Schweber Electronics
7420 Harwin Drive
Houston 77036

(713) 784-3600

Utah

Hamilton/Avnet

1585 West 2100 South
Salt Lake City 84119
(801) 972-2800
Washington
Hamilton/Avnet

13407 Northrup Way
Bellevue 98005

(206) 746-8750

Liberty Electronics

1750 132nd Avenue, N.E.
Bellevue 98005

(206) 453-8300

Representative

Northwest Marketing
Associates, Inc.

12835 Bellevue-Redmond Road
Suite 203E

Bellevue 98005

(206) 455-5846

Wisconsin

Hall-Mark Electronics
237 South Curtis
West Allis 53214
(414) 476-1270

Hamilton/Avnet
2975 Moorland Road
New Berlin 53151
(414) 784-4510

International

Australia

Amtron Tyree Pty. Ltd.
115 Highbury Road
Burwood, Victoria 3125
(03) 288 7099

Amtron Tyree Pty. Ltd.
11 Norfolk Avenue
Lawnton, Queensland
(07) 285 1122

Amtron Tyree Pty. Ltd.
73 Guthrie Street
Osborne Park, W.A.
(09) 445 1545

Amtron Tyree Pty. Ltd.
8 Unley Road

Unley, S.A.

(08) 272 5824

Amtron Tyree Pty. Ltd.
176 Botany Street
Waterloo NSW 2017
(02) 698 9666

Australia (Cont'd)

CEMA ELECTRONICS PTY. LTD.

170 Sturt Street
Adelaide, S.A.
(08) 51 6483

CEMA ELECTRONICS PTY. LTD.

208 Whitehorse Road
Blackburn, Victoria
(03) 877 5311

CEMA ELECTRONICS PTY. LTD.

22 Ross Street
Newstead, Queensland
(072) 52 4261

CEMA ELECTRONICS PTY. LTD.

21 Chandos Street

St. Leonards, N.S.W. 2065
(02) 439 4655

Austria

Transistor V.m.b.H.
Auhofstr. 41a

1130 Wien

(43) 222 829451
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Belgium

Diode Belgium
Rue Picard 202
1020 Bruxelles
(32) 2 4285105

Brazil

Datatronix Electronica LTDA
Av. Pacaembu, 746-C11

Sao Paulo, Brazil

(55) 11 667929

(55) 11 678725

Canada

Hamilton/Avnet

3688 Nashua Drive

Units G & H

Mississauga, Ontario L4V1M5
(416) 677-7432

(416) 745-1908

Canada (Cont'd)

Hamilton/Avnet

2670 Paulus Street

Ville St. Laurent

Montréal, Québec H4S1G2
(514) 331-6443

Hamilton/Avnet

1735 Courtwood Crescent
Ottawa, Ontario K2C3J2
(613) 226-1700

Zentronics, Ltd.

99 Norfinch Drive
Downsview, Ontario MBN1W8
(416) 635-2822

Zentronics, Ltd.

8146 Montview Road
Town of Mount Royal
Montréal, Québec H4P2L7
(514) 735-5361
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Canada (Cont'd)
Zentronics, Ltd.

141 Catherine Street
Ottawa, Ontario K2P1C3
(613) 238-6411

Representatives

Cantec Reps., Inc

17 Bentley Avenue
Ottawa, Ontario K2E6T7
(613) 225-0363

Cantec Reps., Inc.

207 Place Frontenac

Point Claire, Québec NOR4Z7
(514) 694-4049

Cantec Reps., Inc.
83 Galaxy Blvd.
Unit 1A

Toronto (Rexdale),
Ontario MOW5X6
(415) 675-2460

Denmark

Distributoren-Henckel
Elektronik A.p.S.
Hovedgaden 16

4622 Havdrup

(45) 3 385716

Finland

Field OY
Veneentekijantie 18
00210 Helsinki 21
(90) 6922577

France

Almex

Zone Industrielle d’Antony
48, rue de I'’Aubepine’
92160 Antony

(33) 1 6662112

France (Cont'd)

ETS. F. Feutrier

rue des trois Glorieuses
42270 St-Priest-en-Jarez
St. Etienne

(33) 77 746733

F. Feutrier

29 rue Ledru Rollin
92150 Suresnes
(33) 17724646

S.C.A.l.B.
80 rue d'Arcueil
Zone-Silic

94150 Rungis

(33) 16872313

Germany

EBV Elektronik
Gabriel-Max-Strasse 72
8000 Muenchen 90
(49) 89 644055

Ingenieurbuero Dreyer
Flensburger Strasse 3
2380 Schleswig
(49) 4621 23121

RTG E. Springorum Kg
Bronnerstrasse 7

4600 Dortmund

(49) 231 54951

RTG Distron
Behaimstr. 3
Postfach 100208
1000 Berlin 10
(49) 30 3421041/45

Israel

Electronics and Engineering
Div. of Motorola Israel Ltd.
16, Kremenetski Street

P.O. Box 25016

Tel Aviv 67899

(972) 36 941/2/3
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Italy

Celdis Italiana S.p.A.
Via F. lli Gracchi, 36
20092 Cinisello B.
(39) 2 6120041

Eledra S.p.A.
Viale Elvezia 18
20154 Milano
(39) 2 3493041

Japan

Ryoyo Electric Corporation
Meishin Building

1-20-19 Nishiki

Naka-Ku, Nagoya, 460

(81) 52 2030277

Ryoyo Electric Corporation
Taiyo Shoji Building

4-6 Nakanoshima

Kita-Ku, Osaka, 530

(81) 6 4481631

Ryoyo Electric Corporation
Konwa Building

12-22 Tsukiji, 1-Chome
Chuo-Ku, Tokyo

(81) 3 5437711

Mexico

Mexel Mexicana De Electronica
Industrial, S.A.

Tlacoguemecat! 139-401
Mexico 12, D.F.

(905) 575 7868

(905) 575 7924

Netherlands
Diode B.V.
Hollantlaan 22
Utrecht

(31) 30 884214

New Zealand

CEMA ELEKON LTD.
7-9 Kirk Street

Grey Lynn, Auckland
(64) 4 761169

Norway

Ola Tandberg Elektro A/S
Skedsmogt. 25

Oslo 6
(47) 2 197030
Spain

Diode Espana
Avda de Brasil 7
Edif. Iberia Mart
Madrid 20

(34) 1 4553718

So. Africa

Fairmont Electronics (Pty.) Ltd.
P.O. Box 41102
Craighall 2024
Transvaal

(27) 48 6421

Sweden

Interelko A.B.
Sandsborgsvdgen 50
122 33 Enskede

(46) 8 492505
Switzerland
Baerlocher AG
Forrlibuckstrasse 110
8021 Zirich

(41) 1 429900

United Kingdom

Celdis Ltd.

37-39 Loverock Road
Reading, Berks RG31ED
(44) 734 582211

Crellon Electronics Ltd.
380 Bath Road

Slough, Berks SL16JE
(44) 6286 4434

Macro Marketing
396'Bath Road
Slough, Berks SL16JE
(44) 6286 38811



Sales / Service Offices

UNITED STATES

. ALABAMA

P.0. Box 4207

8290 Whitesburg-Dr.
Huntsville 35802
Tel: (205)881-4591
8933 E. Roebuck Blvd.
Blrmln?hlm 35206
Tel: 205) 836-220312

ARIZONA

2336 E. Magnolia St.
Phoenix 85034
Tel: (602) 244-1361
2424 Easta Araoecn Rd.
T;I (602) 883-4661

"ARKANSAS

Medical Service Only

P.0. Box 5646

Brady Station

Little Rock 72215

Tel: (501) 376-1844
CALIFORNIA

1579 W. Shaw Ave.
Fresno 93771

Tel: (209) 224-0582

1430 East Oranuethorpe Ave.
Fullerton

Tel: (714)670 1000

3939 Lankershim Boulevard

Tel: (213)877-1282

TWX: 910-499-2671
3480 West ;osecmns Blvd.
World Way Postal Cemer
Los Angeles 900
Tel: (2133 776- 7500
T X 9 325 6508

Tel: 1213)776-7500
3003 Scott Boulevard
Santa Clara 95050
Tel: (408) 988-7000
Ridgecrest

Tel: 814) 446-6165
646 W. North Market Bivd
Sacramento 95834
Tel: 916) 929-7222
9606 Aero Drive

P 0. Box 23333

San Diego 92123
Tal 014 279-3200

Tel: 213) 705-3344
COLORADO

Englewood 80110
Tel: (303) 771-3455

CONNECTICUT
12 Lunar Dnve
New Haven 06525
Tel: (203 389—6551
TWX: 710-465-2029

FLORIDA

P.0. Box 24210

2727 N.W. 62nd Street
Ft. Lauderdale 33309
Tel: 305) 973-2600

4428 Emerson Street
Unit 103

1
chklonvllln 32207
Tel: (904) 725-6333
P.0. Box 13910
€177 Lake Ellenor Or.
Orlando 32809
Tel: (305) 859-2900
P.0. Box 12826
Suite 5, Bldg. 1
Office Park North
Pensacola 32575
Tel: (904) 476-8422

GEO| RGIA
P.0. Box 105005
450 Inmsmo North Parkway
Atlanta 30348
Tel: (404) 955-1500
Meulcal Service Only

Tel: ?404)736—0592
P.0. Box 2103

1172 N. Davis Drive
Warner Robins 31098
Tel: ©12) 922-0449

HAWAII

2875 So. King Street
Honolulu 96826
Tel: (808) 955-4455

ILLINOIS

5201 Tollview Dr.

Rollln Meadows 60008
(312) 255-980|

Tel:
TWX: 910-687-2260

INDIANA

301 North Shadeland Ave,
lndl-nn 0lis46250
Tel: B1 7§842 -1000
TWX: 810-260-1797
IOWA

2415 Heinz Road
lowa City 52240
Tel: 319)338-9466

KENTUCKY

Medical Only

3901 Atklnson Or.

Suite 407 Atkinson Square
40218

Louisville 4
Tel: (502) 456-1573

LOUISIANA

P.0. Box 1449

3229-39 Williams Boulevard
Kenner 7006

Tel: (504) 443-6201
MARYLAND

7121 Standard Drive
Parkway Industrial Center
Hanover 2107¢

Tel: (301) 796-7700
TWX: 710-862-1943

2 Choke Cherry Road
Rockvllle 20850

Tel: (301) 948-6370
TWX: 710-828-9684

MASSACHUSE‘I'I‘S
32 Hartwell A
Lexington 02173
Tel: (617)861-8960
TWX: 710-326-6904

MICHIGAI
23855 Research Drive
Farmin, ton Hiils 48024
Tel: @13) 476-6400
724 West Centre Ave.
Kalamazoo 49002
Tel: (606) 323-8362
MINNESOTA
2400 N. Pnor Ave.
St. Paul 55113
Tel: 612) 636-0700

MISSISSIPPI
322N, Man Plaza
Jackson 39206
Tel: (501)962 -9363

MISSOURI

11131 Colorado Ave.
Kansas City 64137
Tel: (816) 763-8000
TWX:910-771-2087
1024 Executive Parkway
St. Loula 63141

Tel: 314) 878-0200

NEBRASKA

Omaha

Tel: (402)392-0948
NEVADA

‘Las Vegas

Tel: 00;?736-6510
NEW JERSEY

Tel: QOI 265-5000
10-990-4951
Crystal Brook Professional
Building, Route 35
Eatontown 07724
Tel:(201) 542-1384

NEW MEXICO
P.0. Box 11634

Station E
11300 Lomas Blvd., N.E.

Ibuq0 uerque 37123
Tel: (505) 292-13
wa 910-989- 1185
156 Wyatt Drive
Las Cruces 88001
Tel: (505) 526-2484
TWX: 910-9983-0550
NEW YORK
6 Automation Lane
Comouter Park

12205

Te! (5?8 458-1550
TWX: 710-444-4961

650 Perinton Hill Otfice Park
Irport 14450

Fal

Tel: (716 223-9950
TWX: 510-253-0092
No.1 Pennsylvania Plaza
55th floor

34th street & 8th Avenue
New York 10001

Tel: @12) 971-0800
gﬂSﬂ East Mo|lo Ruad
Teyl 615)455 2486

1 Crossways Park West
Woodbury 11797

Tel: (516)’321-0300
NORTH CAROLINA
5605 Roanne Way
Greensboro 27405
Tel: 919)352-1300

OHI
gadlcamompuler Only

1313 E. Kemper Rd.

Cincinnati 45426

Tel: (513) 671-7400

16500 Sprague Road

Cleveland 44130

Tel: mﬁa 243-7300

423-9430
330 Progress Rd.
ayton 45449

Tel: (513) 859-8202

1041 Kingsmill Parkway

Columbus 43229

Tcl (614) 436-1041

HOMA

P 0 Box 32001

6301 N. Merldan Avenue
Okiahoma City 73112

Tel: (405) 721-0200

9920 E. 42nd Street

Suite 121

Tulsa 74145

OREGON

17890 SW Lower Boones
erry road

Tualatin 97062

Tel: (503) 620-3350

PENNSYLVANIA

Tel: 412)782-0400

1021 8th Avenue

King of Prussia Industrial Park
King of Prussia 19406
Tel: [215) 265-7000

TWX: 510-660-2670

PUERTO RICO
Hewlett-| Packzrd Inter-Americas
Pueno Rico Branch Office

Calle 272,

Edif. 203 Urg9 Country Club
Carq

Tel: (809 762- 7255

Telex: 345 0514

SOUTH CAROLINA
P. 0. Box 6442
6941-0 N. Trenholm Road

Columbia 29260
Tel: (803) 782-6493

TENNESSEE
8914 Klngslon Pike
Knoxville 37922
Tel: (615) 523-0522

3027 Vanguard Dr.
Director's Plaza

Memphis 38131
Tel: (&1)346—8370
*Nashville

Medical Service ong
Tel: (6515) 244-544!

TEXAS

4171 North Mesa
Suite C110

El Paso 79902
Tel: (915) 533-3555
P.0. Box 1270

201 E. Arapaho Rd.

Richardson 75080
Tel: 214) 231-6101

P.0. Box 42816
10535 Harwin Dr,
Houston 77036
Tel: (7 13) 776-6400
*Lubl

eﬂlcal Servnce onl !
Tel: (806) 799447
205 Billy Mitchell Road
San Antonio 78226
Tel: (512)434»9241

2160 Soulh 3270 Wesl Street
Salt Lake Ci -X
Tel (801 ) 9724711

P‘O. Box 12778
Nor'olk 23502
(804) 460 2671
P 0. Box
2914 Hungarz Springs Road
Rich:
Tel: (804) 285- 3431

WASHINGTON
ellefield Office Pk.
203-114th Ave. S.E.
Bellevue 98004

el: (206) 454-3971
TWX: 910-443-2446
P.0. Box 4010
Spokane 99202
Tel: (509) 535-0864
"WEST VIRGINIA
Medical/Analytical Only

Charleston
Tel: (304) 345-1640

WISCONSIN

8004 West Lincoin Ave.
West Allis 53227

el: (414) 541-0550

FOR U.S. AREAS NOT LISTED:
Contact the regional office

nearest you: Atlanta, Georgia...

North Hollywood, California. ..

Rockville, ary1and Rollmg ‘Meadows,
Hllinois.Their complete

addresses are listed above.

*Service Only

CANADA

ALBERTA
Hewlett-Packard (Canada) Ltd.

11620A - 168th Street
Edmonton T5M 3T9
Tel: (403) 452-3670
TWX: 610-831-2431

Hewlett-?ackam ganada) Ltd.

210,722 OF

Calg HB
Tel: @6!) 253-2713
Twx: 610-821-6141

BRITISH COLUMBIA

Hewlett-Packard {Canada) Ltd.

10691 SNelIbrldgs Wa7y
?llchmon

el

TWX: 61 925 5059

MANITOI

HeMm-Packzrd Canada) L.

Y1
Tel: 204) 786-6701
TWX: 610-671-3531

NOVA SCOTIA
Hewlett-Packard (Canada) Ltd.
800 Windmill Road
Dartmouth B3B 1L1

Tel: (902) 469-7820

TWX: 610-271-4482

ONTARIO

Hewlett-Packard (Canada) Ltd.
1020 Morrison Dr.

Ottawa K2H 8K7

Tel: (613 820-6483
TWX: 610-563-1636

363

Tel: (416) 6/8-3430
TWX: 610-492-4246
Hewlett-Packard (Canada) Ltd.
552 Newbold Street

London N6E 255
Tel: (519) 686-9181

QUEBEC
Hewlett-Packard (Canada) Ltd.
275 Hymus Bivd.

: 610-422-3022
TLX: 05-821-521 HPCL

FOR CANADIAN AREAS NOT LISTED:
Contact Hewlett-Packard (Canada) -
Ltd. in Mississauga.




CENTRAL AND SCUTH AMERICA

ARGENTINA
gexrlen'Packard Argentina

Av. Leandro N. Alem 822 - 12°
1001 Buenos Aires

Tel: 31-6063,4,5,6

Telex: 122443 AR CIGY

Cable: HEWPACKARG

Biotron S.A.C.Ly M.
Bolivar 177
8 Alre:

1066 Bue 3
Tel: 30-4846 34 9356, 34-0460,
33-281
Telex: 011-7595
Cable: Biotron Barles
BOLIVIA
Casa Kavlin S.A.
Calle Potosi’ 1130
RO.PBox 500

Tel: 41530,53221
'glex CWC BX 5298,ITT 3560082

RAZ

rlievden-‘%:ckam do Brasil
.e.C. .
Alameda Rio Negro, 750
Alphaville

-3222
cable HEWPAGK $Sao Paulo
:mgm -Packard do Brasil -
Rua Padro cnax:s 32
90000- 4rt

2&!&88
512) 22-2998, 22-5621
Cabls HEWPACK Potto Alegre

Hevsmﬁ:lckam do Brasil

tz Epitacio Pessoa, 4664
03

20800-Rlo de Janeiro-RJ

el
Telex: 021-21905 HPBR-BR
Cable: HEWPACK

Rio de Janeiro

Jorga Calca ni y Cia. Ltda
Vicuna MacKenna 3, Ofic. 1204
Casilla 16475

Conso 9, Santiago

Tel:
Telex: JCALCAGNI

COLOMBIA

Instrumentacién

Henrik A, Lanuehaek & Kier S.A.
Carrera 7 No. 48-

Apartado Aéreo 6287

E.
?9??26943377
Telex: 44400
Cable: AARIS Bogotd
Instrumentacion

H.A. Langebaek & Kler S.A.
Carrera 63 No. 49-A-

ledellin
Tel: 304475

COSTA RICA

&emmca Costarricense 5.A.
Fzenida 2, Calle 5

San Pedro de Montes de Oca
Apartado 10159

San Jos:

Tel: 24- 38 20, 24-08
Telex: 2367 GALGUR CFI
Cable: GALGUR

ECUADOR
Computadoras y Equipos
n-leoctvgmcos del Eeuador

23 C
loy Alfaro No. 1824 3°Piso
Quito

Tel: 453 482

Tele) YEDE ED
Cable CVEDE Quito
Medical Only
Hospitalar S.A.

Casilla 3590

Robles 625

uito
Tel: 545-250
Cable: HOSPITALAR-Quito
EL SALVADOR
IPESA
Bulevav de los Heroes 11-48

San Salvador
Tel: 252787

GUATEMALA

IPESA

Avenida Reforma 3-48,

Zona 9

Guatemala CI?

Tel: 316627,314786,66471-5,ext.9
Telex: 4192 Teletro Gu

MEXICO
Hewlett-Packard Mexicana,
S.A. de C.
Av. Periférico Sur No. 6501
Tepepan Xochimilco

co 23, D.F.

Mexico
Tel: 905-676-4600
Telex: 017-74-507

Hewlett-Packard Mexicana,
S.A. deC.V.
ate Oansutuudn No. 2184

Tel: 48-71-52. 48-71-84
Telex: 038-410

NICARAGUA

Roberto Terdn G.

Apartado Postal 689

Edificio Terdn

Managua

Tel: 25114, 23412,23454,22400
Cable: ROTERAN Managua

PANAI
Elmrdnlw Balboa, S.A.
Aparata 0 4929

a 5
(:alla Samucl Lewis
Edificio “Alfa”, No.2
Cuidad de Panama
Tel: 64-2700
Telex: 3483103 Curundu,

Canal Zone
Cable: ELECTRON Panama

PERU
Compafifa Electro Médica S.A.
Los Flamencos 145

ﬁn Isidro Casilla 1030

Tel 41-432
elex: Pub. Booth 25424 SISIDRO
Cab le: ELMED Lima

SURINAME
Surtel Radio Holland N.V.
Grote Hofstr. 3-5

P.0. Box 155
Paramaribo

Tel: 72118, 77880
Cable: Surfel

TRINIDAD & TOBAGO
CARTEI
Canh%eoan Telecoms Ltd.

69 Fredenck Slree«
Port-of-Spain
Tel: 62-53

URUGUAY

Pablo Ferrando S.A.C.el.
Avenida ltalia 2877
Casilla de Correo 370

Telex: ;02 Puhllc Boom Para
Cable: RADIUM Momevidao

VENEZUELA
Hewlett-Packard de Venezuela

P.0. Box 50933
Caracas 105

Los Ruices Norte
3a Transversal
<E:A‘llﬁt:m Seare

Tel: 23! -4133 gg{lmes)
Telex: 25146 H|
Cable: HEWPACK Caracas

FOR AREAS dNOT LISTED, CONTA(

Hewlett-Packa

Inter-Americas

3200 Hillview Ave.

Palo Ano. CaMomna 94304
Tel: (415) 856-1501

TWX: 91 -1260

Cable: HEWPACK Palo Alto
Telex: 034-8300, 034-8493

EUROPE, NORTH AFRICA AND MIDDLE EAST

AUSTRIA
Hewlett-Packard Ges.m.b.H.
Haguelskan7 52

ox
A-1205 Vienna
Tel: 351621-27
Cable: HEWPAK Vienna
Telex: 75923 hewpak a

BAHRAIN
Medical Only -
Wael Phalmacy
PO B 648

Tel: 54886. 56123
Telex: 8550 WAEL GJ
Cable: WAELPHARM
Analytical On]Iy

Al Hamidiya Trading
and Contracting

P.0. Box 20074
Manama

Tel: 259978, 259958
Telex: 8895 KALDIA GJ

BELGIUM
Hewlett-Packard Benelux
S.AMN.V.

Avenue du Col-Vert, 1,
ésroenkraaglaan)

1170 Brussels
Tel: 50
Cable: PALOBEN Brussels
Telex: 23-494 paloben bru

CYPRUS

K;pmniul

19 Gregorios Xenopoulos Street
P.0. Box 1152

5628729
Cable: Kgpromcs Pandehis
Telex: 3

CZECHOSLOVAKIA

Vyvojova a Provozni Zakladna

V kumnych Ustavu v Bechovicich

¢ ISR -2509 7 Bechovice u Prahy
e

Telex: 12133

Institute of Medical Bionics
Vyskumny Ustav Lekarskej Bioniky
Jedlova 6

CS-88346
Bratislava-Kramare
Tel: 4251
Telex: 93229
DDR
Entwicklungslabor der TU Dresden
Forschungsinstitut Meinsberg
DDR-730!
Waldholmllulmbug

1: 37 667
Telex 518741

Export Contact AG Zuerich
Guenther Forgber
Schiegelstrasse 15

Berlin
Tel: 42-74-12
Telex: 111889
DENMARK
Hewlett-Packard A/S
Datavej 52
DK.3460 Birkerod

PACK AS
Telex: 37409 hpas dk
Hewlett-Packard AS

Cable: HEWPACK AS

Fepe
International Engineering Associates
E: HussAelm Hegazi Street

Cairo

Tel: 23 829

Telex: 93830

Cable: INTENGASSO

SAMITRO

Sami Amin Trading Office
18 Abdel Aziz Gawish
Abdln&Culro

Cable SAM)TRO CAIRO

FINLAND
Hewilett-Packard OY
Nahkaahonsunn 5
SF-00211 Helsinki 21
Tel: (30) 6923031

FRANCE
Hewlett-Packard France
Avenue des Tropiques
Les Ulis
Boite Postale No. 6
91401 Orsay-Cedex
Tel: (130907 825
TWX: 600048F
Hewlett-Packard France
Chem1in des Mouilles
69130 Ecull,

Tel: (782 33 8125,
TWX: 310617F

Hewlett-Packard France
Péricentre de la Cépiére
31081 Toult)‘u:;- e Mirail

;;’.C—'
23
&
<

Hewlett-Packard France

igoures

Bureau de vente de Marseilles
Place Rouée de Villenueve
13100 Aix-en-Provence
Tel: (42) 59 41 02
Hewlett-Packard France

2, Allee de la Bourgnette
35100 Rennes

TWX: 740912F

364

Hewlett-Packard France

rue du Canal de la Marne
67300 Schiltigheim

Tel: (883083 0810

TWX: 890141F

5

Hewlett-Packard France
Immeuble péricentre

Rue van Gogh

59650 Villeneuve U Ascq
Tel: (20&09 4125

TWX: 160124F

Hewlett-Packard France
Bureau de Vente

Centre d" affaires Paris-Nord
Batiment Ampére

gug dae fa Commune de Paris

93153 Le Bl-ne Mesnil Cédex
Tel: 01) 93
Hewiett- Paclurd France
Av. du Pﬂ( Kennedy
33700 Meriguac
Tel: (56) 97 22 69
Hewlett-Packard France
“France-Evry” immeuble Lorraine
Boilevard de France
91035 Evry-Cedex
Tel: 077 96 60
Hewlett-Packard France
60, Rue de Metz
57130 Jouy aux Arches
Tel: (87) 69 45 32

GERMAN FEDERAL REPUBLIC
Hewlett-Packard GmbH
Vertriebszentrale Frankfurt
Berner Strasse 117
Postfach 560 1
0 Frankfurt 56
Tel: (0611) 50-04-1
Cable: HEWPACKSA Frankfurt
Telex: 04 13249 hpffm d

Hewlett-Packard GmbH
Technisches Buro Boblingen
Herrenberger Strasse 11

D 7030 Bdbllngon Warttemberg

(D7OE‘)’66

Cablo HEWPACK Bubrmqen

Telex: 07265739 bbn

Hewlett-Packard GmbH

Technisches Buro Dusseldort

Emanuel-Leutze-Str.1(Seestern)
-4000 Dusseldorf

el: (0211) 59711
‘elex: 085/86 533 hpdd d
Hewlett-Packard GmbH

Technisches Bulrn Hamburg
Wsndenslri

-2000 H
Tel: 040)24 13‘?3
Cable: HEWPACKSA Hamburg
Telex: 21 63 032 hphh d

Hewiett-Packard GmbH
Technisches Buro Hannover

Tel: (0511) 46 60 01

Telex: 092 3259
Hewlett-Packard GmbH
Technisches Buro Nurnberg
Neumi erslrasse 90

‘?I (0911 56”37)'33
el
Telex: 2%

HeMetl-Packard GmbH
Technisches Biro Munchen
Eschenstrasse 5

~8021 Tnuiklrchon
el: (089) 6117-1
Hewlett-Packard GmbH
Technisches Buro Berlin
Kaithstrasse 2-4
D-1000 Berlln 30

Tel: (030) 24 90 86
Telex018 3405 hpbin d




Sales / Service Offices

EUROPE, NORTH AFRICA AND MIDDLE EAST (Cont.)

GREEC|

Kostas Karayannis

8 Omirou Street
Athens 133

Tel: 32 30 3033237 731
Analytical Only

INT

G. Papathanassiou & Co.
17 Marni Street

Athens 103

Tel: 5522 915/5221 989
Telex: 21 5329 INTE GR
Cable: INTEKNIKA
Medical Only
Tecnnomed Hellas Ld.
52 Skoufa Streef

Athens 135

Tel: 3626 972

HUNGARY
MTA
Mtémmgy ds Méréstechnikai

Hewmt Packard Service
nin Krt. 67, P.0.Box 241
.}3915udapast vi

38
Telex: 22 51 14
ICELAND

Medical Only
Elding Tradln Compan, lnc
saénznmvﬂl ryggvagétu

1S-Reykiavik

Tel: 158 2011 63 0:

Cable: ELDING ﬂwlqu
IRAN

Hewlett-Packard Iran Ltd.

Tel: 851082-5 )
Telex: 213405 hewp ir
IRELAI

Hewlett- Packarﬂ Ltd.
King Street Lane
Winnersh, Wohunnam
Buv G|1

Tel: (0934) 784774

Telex: 847178

Cable: Hewpie London
Hewlett-Packard Ltd.

2C Av&v:re Ingusirlu Estate

Dubilin 12, Eire
Tel: (01 514322
Telex: 30439

Medical Only
Cardiac Suvlcas (refand) Ltd.
Kllmorc Road

Dublln 5, Eire
Tel: (01) 315820

Medical Only
Cardiac Services Co.

GB-Northern ireland

ITAL
Hmon-?ackard Itao!lm S.pA.

Via G.Di Vi
e
ul i0
Sodes1

Tﬂu g11046 HEWPACKIT

HMelt—Paclm} Italiana S.p.A.

Via Tu
35100 Padova

1: (49 % 664888
Telex 41612 HEWPACKI

Hewlett- Pamrd %lghana S.p.A.

Via G. Armeliin
1-00143 Roma
Tel: (os) 54 ss 61
Telex: 615
Cable HEWPACKIT Roma

Hewlett-Packard Iullmsa S.p.A.

Corso Gigvanni La
-10 orino
Tel:(011) 682245659308

Medical/Calculators Only
Hewlett-Packard italiana S.p.A.
Via Prlnc e Nicola 43 G)G
1-95126 Catanla
Tel:(095) 37 05 04

Hewlett-| Packam Italiana S.p.A.

Via Nuova San Rocco A.
Capodimonla, 624

1-80131 Na| g

Tel: (081) 7913544

Hewlett-Packard Italiana S.p.A.

Via E. Masi, 98
1-40137 Bologna

Tel: (051) 307887/300040
JORDAN

Mouasher Couslns Co.
P.0. B 1387

Am|

Tel: 24 7/3990

Telex: SABCO J0 1456
Cable: MOUASHERCO
KUW.

Al Khalulya Trading &
P o Blox sa&s:m
Tel:42 491041 1726

LUXEMBURG
Hewlm Packard Benelux

Avanue du Col-Vert, 1
0!

Tel: 2 22 40

Cable: PALOBEN Brussels

Telex: 23 434

MOROCCO

olbeau

1 rus Karatchi

.Tublnnu

elex: 23051/22822
t.ablc MATERIO

Gere
3, rua d'Agadir
Casablanca

: 27209315
Telex: 23739
Cable: GEREP-CASA

Cogedir

31 rue Omar SIloui

c.u

Tel: 65 40

Tolex 2173723003

Cable: COGEDIR
NETHERLANDS
Hewlett-Packard Benelux N.V.
Van Heuven Goedhartiaan 121
P.O ox 667

ltdv.n 1134
Tll 020) 472021
NORWAY
Hewiett-Packard Norgs A/S
Osterdalen 18
P.0. Box 34
1345 Osteraas
Tel: (02) 1711 80
Telex: 16621 hpnas n
Hewlett-Packard Norgs A/S
Nmardsgmn 114
5000 Bergen
POLAND
Biuro Informacii Technicznej
Hewlett-Packard
Ul Stawki 2 SP
00 -950 Wi
Tel: 33.25.88/39. 67 43
Teiex 81 24 53 hepa pi

Biuro Obsluol Technicznej
01-447 Warszawa

ul Newelska 6

Poland

Zaklady Naprawcze Sprzetu
Plac Konmy" ?’arysmi 6
90-007

Tel: 334-41, 337-83
Telex: 886981

PORTUGAL

Telectra-Empresa Técnica de
Equipamentos Eléctricos S.a.r.l.
Rua Rodrigo da Fonseca 103
;.04 Box 2531

Telex: 1.

Medical only
Mundinter

bon 1
Tel: (19 Lea 60 72
Cable: ng.gcwx Lisbon

Mundial de Comércio
S.a.rl
P.0. Box 2761
Avenida Antonio Augusta
de Aaul r 13

P - Lisbo

Tel (19 53 213177

Telex: 16691 munter

Cable: INTERCAMBIO I.Isbon

P?"AT ding & Contracti
asser Tradin, ontracting
P.0. Box 1563

a
Tel: 22170
Telex: 4439 NASSER
Cable: NASSER

RUMANIA
Hewlett- Packavd ﬁapuzentanu
Bd.n. Ba 16

Buci
el: I5 50 23113 88 85
elex: 10440

LLR.U.C.

Intreprinderea Pentru
Intretinerea

i Repararea um clor de Calcul

-d | me Dl ompei 6

SAUDI ARABIA

Modern Electro

Establishment (mad ice)

P.0. Box 1228, Baghdadiah Street

Jeddal

Tel°x27 798

Cable: ELECTA JEDDAH
Modem Electronic
Establishment (Branch)
P.0. Box 2728
erldh

Tel: 6259666232
Cable: RAOUFCO
Modern Elsctronic
Establishment (Branch)
P.0. Box 193
Al-Khobar

Tol: 44678-44813

t emn Packard Espafiola, S.A.
salle Jeuz

E-Madrid
ol (1%458 26 00 (10 lines)
elox:

Hewlatt- Paclmrd Espadfiola S.A.
Colonia Mirasierra

Hewlett-Packard Espafiola, S.A.
Milanesado 21-23
E-Barcelona

Tel: 3) 203 6200 (5 lines)

Hewlett-Packard Espafiola, S.A.
Av Ramdn y Caj
Edificio Swllla. pllnt! 9°
-Sevilie 5
Tel: 64 44 54/58
Hewlett-Packard Espafiola S.A.
Edificio Albia Il 7°
-Bilbao
Tel: 23 83 06/23 82 06
Hewlett-Packard Espafiola S.A.
cm:man Gordillo
E-Val
Tel: 96 361 13 54/361.13.58

365

Z
el: 88-20-70. 80-24-40, 88-67-95
slex: 118

SWEDEN
Hewlett-Packard Sverige AB
Em% etsvagen 3, Fack

1 Bfommn
}el (08 730 05 50

lex: 10721
Cable: MEASUREMENTS
Stockholm

Hewilett-Packard Sverige AB
Frotalispatan 30

§-421 32 Vdstra Frélunda
Tel: 031 ; 9 09 50

Telex: 10721 via Bromma office
SWITZERLANI

HeMan-Packam Gchweu) AG
Zircherstrasse 20

P.0. Box 307

CH-8952 Schlloren-lurlch
Tel: (01) 730524

Telex: 5 933 hnzg ch

Cable:

Newlcn Packam (Schweiz) AG
Chmau

Tel 022 95
Telex: 2; 8 Kx
Cable: HEWPA G Geneva

SYRIA
General Electronic {n
Nuri Basha-Ahnat Elm Kays Street
P.0. Box 5781

Damascu

Tel: 33 24 87

Telex: 11215 ITIKAL

Cable: ELECTROBOR DAMASCUS
Medical Personal Calculator only
Sawah & Co.

Place Azmé

B.P. 2308

Damascus

Tel: 16 367-19 697-14 268
Suleiman Hilal €l Miawi

P.0. Box 2528

Mamoun Bitar sum 56-58
DamascusTel: 11 46 63

TUNISIA
Tunisie Elmronitﬁe
31 Avenus de la Liberte

Tunis

Tel: 280 144

Corema

1 ter. Av. de Carthage
Tunls

Tel: 253 821

Telax' 12319 CABAM TN

TEKNIM Comrany Ltd.
Riza Sah
Caddesi No. 7
Kavaklldere. Ankara
Tel: 275800
Telex: 42155
Teknim Com., Ltd.
Barbaros Bulvari 55/12
aesilgas. Istanbul
Tel: 613 546
Telex: 23540
Medical only
Muhendislik Kollektif Sirketi

Mediha Eidem Sokak 416
Ydml Caddcsl

Tel 7 22
Cable: EMATRADE/Ankara
Amlyllcal only

az Ozyut
Mllll Muaaﬂa cad 166

Tel: 25 03 09 - 17 80 26
Telex: 42576 0ZEK TR
Cable: 0ZYUREK ANKARA

UNITED ARAB EMIRATES
Emitac Ltd. Jlead Office)
P.0. Box 1641

Shavgah

Tel: 3541213

Telex: 8136

Emitac Ltd. sﬂvanch Office)
P.0. Box 2711

Ahu Dhabl
Tel: 3313701
UNITED KINGDOM
Hewlett-Packard Ltd.
King Street Lane
Winnersh, Wokingham
Berks. RG11 5AR
Tel: (0734) 784774
Telex8471784
Hewlett-Packard Ltd.
Trafalgar House
Navigation Road
Altrincham
Cheshlre WAM INU
I: (061) 92
Telex 665068
HeMan-Paclard L.
Court

I"ygon

ereward Rise

Dudley Road

Halesowen,

West Midlands B62 8D

Tel: 021 ) 550 9911

Telex:

Hewlen Packard Ltd.

Wedge House

799, London Road
Thornton Heath

Surrey CR4 6XL

Tel 61)6840103

Hewletl-Packam Ltd
10, Wesley St.

1AE
Te! (0977%550015
Telex: 5!
Hewlett-Packard Ltd
1 Wallace Way

Hamordsmre SG4 0SE
Tel: (0462) 3
Telex: 82. 981

USSR
Hawlm Packard
Erssenmwe Office USSR
okrovsky Boule'vard 4N7-kw 12
Mo:cow
Tel: 294.2 24
Telex: 7825 hewpak su

YUGOSLAVIA
lskra-standa:r’daxalwlm -Packard

Tel: 31 7 8216 74

SOCIALIST COUNTRIES
NgT Sﬂgf N PLEASE

Hewlett-Packard Ges.m.b.H
Handelskai 52

P.0. Box 7

A-1205 Vienna, Austria
Tel: 0222) 35 16 21 to 27

MEDITERRANEAN AND
MIDDLE EAST COUNTRIES

Jlett-Pai
ewlett-Packard

SA.
and Middle
-ast Operations

5, Kolokotroni Street

latia Kefallariou
GR-Kifissia-Athens, Greece
Tel: 8080337/259/429

FOR OTHER AREAS
NOT LISTED CONTACT
Hewlett-Packard S.A.

7, rue du Bois-du-Lan

Box
CH-1217 Meyrin 2 - Geneva
Switzerland
Tel: (022) 827000

NOT SHOWN PLEASE CONTACT:




AFRICA, ASIA, AUSTRALIA

ANGOLA
Telectra
Empresa Técnica de
quipamentos
Eléctricos, S.A.R.L.
R. Barbosa Rodrigues, 42-1°DT.°
Caixa Postal, 6487
Luanda

Tel: 35515/6

Cable: TELECTRA Luanda
AUSTRALIA
Heg‘lettLPackard Australia

y.
31-41 Joseph Street
Blackburn, Victoria 3130
P.0. Box 36
Doncas(er East, Victoria 3109
Tel: 896351
Telex: 31-024
Cable: HEWPARD Melbourne
Hewleninckavd Australia

A{

31 Bndqe Street

ym
New Suuth Wales, 2073
Tel: 4496566
Telex: 21561
Cable: HEWPARD Sydney

He;vlelt -Packard Australia
153 Greenhlll Road

6
Cabie: HEWPARD Adelaide
Hewlett-Packard Australia
Pty.Ltd.

141 Stirling Highway
Nedlands, W.A. 6009
Tel: 3865455

Telex: 93859

Cable: HEWPARD Perth

Hewlett- Packard Australia

121 oliongon Slleel
Fyshwlck Al 609
Tel: 804244

Telex: 62650

Cable: HEWPARD Canberra
Hewlett Packard Australia

Sth Ioor

Teachers Union Building
495-499 Boundary Street
Sprin% Hill, Queensiand 4000
Tel: 2291544

Cable: HEWPARD Brisbane

BANGLADESH

The General Electric Co.
of Bangladesh Ltd.

Magnet House 72

Dilkusha Commercial Area

Motijhell, Dacca 2

Tel 52415 252419

734
Cable GECDAC Dacca

ETHI
Abdella Abdulmahk
.0. Box 2635

Addis Ab-bl
Tel: 11 93 40

GUAM
Medical Only
Guam Med:cal SuE’D‘Y. Inc.
Suite C, Airport P
P.0. Box 8
Tnmunlng 96911

Tel: 646-4513
Cable: EARMED Guam
HONG KONG
Schmidt & Co.(Hong Kong) Ltd.
Wing On Centre, zam Floor
Connaught Road,
Hon Kon

Tel: 5-455
Telex: 74766 SCHMC HX

INDIA

Blue Star Ltd.

Kasturi Buildings

.Jamshedn ma Rd
00 020

Pl 29 %) 21
wahle: BLUEFROST

Blue Star Ltd.

Sahas

414/2 \gr Savarkar Marg
Bomba)y 400 025

Telex: 011- 4093
Cable: FROSTBLUE
Blue Star Ltd.
Band Box House
Prabhadevi
Bombay 400 025
el: 45 73 01
Telex: 011-3751
Cable: BLUESTAR
Blue Star Ltd.
Bhavdeep
Stadium
Ahmod-btd 380 014
Tel: 42880

Telex: 234

Cable: BLUEFROST
Blue Star Ltd.

7 Hare Street

P.0. Box

Calcutta 700 001
Tel: 23-0131

Telex: 021-7655
Cable: BLUESTAR
Blue Star Ltd.
Bhandari House

7th & 8th Floor

91 Nehru Place
New Delhi 110 024
Tel: 634770 & 635166
Telex: 031-2463
Cable: BLUESTAR

Blue Star Ltd.

Blue Star House

11/11A Magarath Road
Bangalore 560 025

Tel: 55668

Telex: 043-430

Cable: BLUESTAR

Blue Star Ltd.

Meeakshi Mandiram

xxx/1678 Mahatma Gandhi Rd.

Cochin 68:

Tel: 32069,32161,32282
Telex: 0885-514

Cable: BLUESTAR

Blue Star Ltd.

1-1-1171

Sarojini Devi Road
Secunderabad 500 003
Tel: 7012 27

Telex: 015-459
Cahle: BLUEFROST
Blue Star
234 Kodambakkam High Road
Mldraa 600 034
Tel: 82056

Telex: 041-379
Cable: BLUESTAR
INDONESIA
BERCA Indonesla P.T.
P.0. Box 496/Jkt.
Jin. Abdul Muis 62
Jakarta

Tel: 349255, 349886
Telex: 46748 BERSIL IA
Cable: BERSAL

BERCA Indonesra P.T.
P.0. Box 174/Sby.

23 Jin. Jimerto
Surabaya

Tel: 42027

Cable: BErcacon

ISRAEL

Electronics Engineering Div.
of Motorola Israel Ltd.

16, Kremenetski Street

P.0.Box 25016

Tel-Aviv

Tel: 38973

Telex: 33569, 34164

Cable: BASTEL Tel-Aviv

JAPAN

Yokogawa-! Hew:‘anl Packard Ltd.
r

Chuo Bldg., 00!

4-20, Nishinakajima 5-chome
Yodogawa-ku, Osaka-shi
Osaka,532

Tel: 06-304-6021
Tslex 523-3624

Yokogawa-Hewlett-Packard Ltd.
9-21, Takaido-Higashi 3-chome
Suginami-ku, Tokyo 168

el: 03-331-611

elex: 232-2024 VHPT

Cable: YHPMARKET TOK 3 724

Yokogawa-Hewlett-Packard Ltd.
Nakamo Building

24 Kami Sasajima-cho
Nakamura-ku, Nagoya, 450
Tel: 052 571-5171
Yokogawa-Hewlett-Packard Ltd.
Tanigawa Building

2-24-1 Tsuruya-cho
Kanagawa-ku

Yokohama, 221

Tel: 045- 312 1252

Telex: 382-3204 YHP YOK
Yokogawa-Hewlett-Packard Ltd.
Mito Mitsui Building

105, 1-chome, San-no-maru
Mito, Ibaragi 310

Tel: 0292-25-7470
Yokogawa-Hewlett-Packard Ltd.
Inoue Buildin

1348-3, Asahi-cho, 1-chome
Atsugi, Kanagawa 243

Tel: 0462-24-0452
Yokogawa-Hewlett-Packard Ltd.
Kumagaya Asahi

Hachijuni Building

4th Floor

3-4, Tsukuba

Kumagaya, Saitama 360

Tel: 0485-24-6563

KENYA
Advanced Communications Ltd.
P.0. Box 30070
Nairobi
Tel: 331955
Telex: 22639
Medical Only
International Aeradio (E.A. )Ltd.
P.0. Box 19012
Nairabi Airpnn

Tel 3 60 /56

Telex: 22201 12301

Cable: INTAERIO Nairobi
Medical O nr

In(grnBanona Aeradio (E.A.)Ltd.

Mombasa

KOREA

Samsung Efectronics Co., Ltd.
15th Floor, Daeyongak Bidg.,
25-5, 1-KA

Choonq Moo-Ro, Chung-Ku,

Seou
Tel: (23)6811 778-3401213/4
Telex: 2;

MALAYSIA

Hewlett-Packard Sales SODN BHD
Suite 2.21/2.22

Bangunan Angkasa Raya

Jalan Ampa

Tel: 23320&&91
Protel Engineerin,
Proe T g

Lot 259 Satok Road
Kuching, Sarawak
Tel: 53

Cable: PROTELENG

MOZAMBIQUE

A.N. Goncalves, Ltd.

162, 1° Apt. 14 Av. D. Luis
Caixa Postal 107

Maputo

Tel: 7091 27114

Tel 203 NEGON Mo
Cable: NEGON

NEW GUINEA
He;«lenLPackam Australia

Devel opmem Bank Building
Ground Floor

Ward Strip

Port Moresby, Paupua
Tel: 258933

366

NEW ZEALAND
Hewlett-Packard (N.Z.) Ltd.
4-12 Crmckshank Street
Kilbirnie, Wellington 3
P.0. Box 9443

Courtney Place
Wellington

Tel: 877-199
Cable: HEWPACK Wellinoton
Hewlett-Packard (N.Z.) Lt

Pakuranga Professional Cemre

267 Pakuranga Highway
Box 51092

Pakuranga

Tel: 569-651

Cable: HEWPACK Auckland

Analytical Medical Only

Medical Supplies N.Z. Ltd.

Scientific Division -

79 Carlton Gore Road, Newmarket

P.0. Box 1234

Auckland

Tel: 75-289

Cable: DENTAL Auckland

AnalyticalMedical Only

Medical Supplies N.Z. Ltd.

Norrie and Parumoana Streets

Porirua

Tel: 75-098

Telex: 3858

Analytical Medical Only

Medical Supplies N.Z.' Ltd.

P.0. Box 309

239 Stanmore Road

Christchurch

Tel: 892-019

Cable: DENTAL Christchurch

Analytical/Medical Only

Medical Supplies N.Z." Ltd.

303 Great King Street

P.0. Box 233

Dunedin

Tel: 88-817

Cable: DENTAL Dunedin

NIGERIA

The Electronics
Instrumentations Ltd.

N6B/770 Oyo Road

Oluseun H%gse

Ibadan

Tel: 461577

Telex: 31231 TEIL NG

Cable: THETIEL Ibadan

The Electronics Instrumenta-
tions Ltd.

144 Agege Motor Road, Mushin
P 0 B 6645

Cable: THETEIL Lagos

PAKISTAN

Mushko & Company Ltd.
Qosman Chamber,
Abdullah Harnon Road
Karachi-3

Tel: 511027, 512927
Telex: 21

elex:
Cable: COOPERATOR Karachi
Mushko & Company, Ltd.
38B, Satellite Town
Rawalpindi
Tel: 41924
Cabie: FEMUS Rawalpindi
PHILIPPINES
The Online Advanced
Systems Corporation
Rico House
Amorsolo cor. Herrera Str.
Legasgi Villa?e, Makati
P.0. Box 1510
Metro Manila
Tel: 85-35-81, 85-34-91,85-32-21
Telex: 3274 ONLINE
RHODESIA
Field Technical Sales
45 Kelvin Road North
P 0. Bo 3458

Tel 7052?1 (5 lines)
Telex: R

SINGAPORE
HeMm~P&%kam Singapore

e. ) Ltd.

1150 Depot Road

Alexandra P.0. Box 58

Singapore 4

Tel: 270-2355

Telex: HPSG RS 21486

Cable: HEWPACK, Singapore

SOUTH AFRICA

Hewlett-Packard South Africa
PYy.), Ltd.

Private Bag Wendywood,

Sandton, Transvaal, 2144

Hewilett-Packard Centre

Daphne Street, Wendywood

Sandton, 214

82
Cable: HEWPACK Johannesburg
Hewlett-Packard South Africa
(P! ) Ltd.

P.0. 120

Huward Place Cape Province, 7450
Pine Park Centre, Forest Drive,
Pinelands, Cape Province, 7405
Tel: 53-7955 thu

Telex: 57- 0006

SRI LAl
Melropoman Aoencues Ltd.
209/9 Union Place

Telex: 1377METROLTD CE
Cable: METROLTD

SUDAN
Radison Trade
P.0. Box 921
Khartoum

Tel: 44048
Telex: 375

TAIWAN

Hewlett-Packard Far East Ltd.
Taiwan Branch

39 Chung Hsiao West Road
Section {1, 7th Floor

T J

"aipel
Tel: 3819160-9,3141010
Cable: HEWPACK TAIPEI
Hewlett-Packard Far East Ltd.
Taiwan Branch
68-2, Chunq Cheng 3rd. Road
Kaohsii g
tel: (07) 24 318 -Kaohsiung
Analytical O
San Kwang Inslmmenls Co., Ltd.
20 Yunq Sui Road

Tel 36154469 (4 lines
Telex: 22894 SANKWANG
Cable: SANKWANG Taipei

TANZANIA
Medical O
I;t&mauonaheradio E.A.), Ltd.

es Sal
Tel: 21251 Exh 265
Telex: 41030

UNIMESA C

Elcom Research Bunldmg
2538 Sukumvit Ave.
Bangchak, Bangkok
Tel: 3932387, 3930338
Cable: UNIMESA Bangkok

UGANDA

Medical Onlr

International Aeradio €.A.), Ltd.
.0. Box 2577

Kampala

Tel: 54388

Cable: INTAERIO Kampala

ZAMBIA

R.J. Tilbury @Zambia) Ltd.

P.0. Box 2792
Lusaka

Tel: 73793
Cable: ARJAYTEE, Lusaka

OTHER AREAS NOTLISTED, CONTA
Hewlett-Packard Intercontinental

3200 Hillview Ave.

Palo Alto, Cahlomla 94304

Tel: (415) 856-

TWX: 910-373- 267

Cable: HEWPACK Palo Alto

Telex: 034-8300, 034-8493



For more information call your
local HP Sales Office or

East (301) 948-6370,

Midwest (312) 255-9800,
South (404) 955-1500,

West (213) 877-1282.

Or write: Hewlett-Packard
Components, 640 Page Mill
Road, Palo Alto, California
94304. In Europe, Hewlett-
Packard GmbH, P.O. Box 250,
Herrenberger Str. 110, D-7030
Boeblingen, West Germany. In
Japan, YHP, 3-29-21, Takaido-
Higashi, Suginami-Ku,

Tokyo 168.
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