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In this Issue 
F ibe r  op t i c  commun ica t ions  l i nks  a re  f i nd ing  the i r  way  in to  a  g row ing  

number tele applications, from local computer networks to long-distance tele 
phone  l i nes .  In  these  a reas  and  many  o the rs ,  such  as  da ta  acqu is i t i on ,  
process cont ro l ,  bu i ld ing automat ion,  t ra f f ic  cont ro l ,  cable te lev is ion,  and 
a i rborne systems,  f iber  opt ic  cables are do ing jobs once exc lus ive ly  done 
by metal l ic  conductors such as coaxia l  cables or  twisted pai rs.  Depending 
o n  t h e  b y  t h e  a d v a n t a g e s  o f  c o m m u n i c a t i n g  w i t h  l i g h t  g u i d e d  b y  
g lass  f r om ins tead  o f  e l ec t r i c i t y  gu ided  by  w i res  i nc lude  immun i t y  f r om 
electromagnet ic  inter ference,  no electromagnet ic  emissions,  f reedom from 

ground carry smal ler cable size, l ighter cable weight,  greater bandwidth to carry more channels,  
longer l ink length without repeaters,  and in some cases, lower cost.  

The use available many optic cables, transmitters, and receivers, which have been available for many 
years from Hewlett-Packard and other manufacturers, has outdistanced the availabil i ty of versati le, 
precise designers optic test instrumentation. However, the new HP products described by their designers 
in this (page go a long way towards closing this gap. The HP 8150A Optical  Signal Source (page 
7)  conta ins an in f rared laser  d iode,  c i rcu i ts  to  ensure that  the d iode 's  l ight  output  is  prec ise ly  
control led, and faci l i t ies for modulating the l ight output by either internally or externally generated 
electr ical  s ignals.  This instrument can produce a var iety of  cal ibrated opt ical  s ignals for  test ing 
opt ical  receivers,  cables,  and connectors.  The HP 81 51 A Opt ical  Pulse Power Meter (page 18) 
measures and l ight output of  opt ical  t ransmit ters,  cables, and connectors.  In this instrument and 
its companion optical head are an optical-to-electr ical transducer and circuits to measure not only 
the average l ight  power,  but  a lso the h igh and low peaks and thei r  rat io.  A th i rd instrument,  the 
HP 81519A fo r  Rece ive r  (page  27) ,  con ta ins  on ly  an  op t i ca l - to -e lec t r i ca l  t ransducer ;  i t ' s  fo r  
users who On to  conver t  the i r  convent ional  e lect ron ic  test  inst ruments for  f iber  opt ic  work.  On 
our cover this month is the miniature optical bench from the HP 8150A. See page 14 for a detai led 
look at this precision assembly. 

These new l inks f iber opt ic instruments are designed for test ing relat ively short-distance l inks 
using mult imode f iber optic technology and either step-index or graded-index f ibers. For long-haul 
te lecommunicat ions l inks,  character ized by distances greater  than 20 k i lometers and data rates 
g rea te r  than  200  megaby tes  pe r  second ,  monomode  techno logy  i s  used  and  ano the r  k ind  o f  
instrumentation is required. 

-P.P.  Do/an 

What's Ahead 
Scheduled fo r  the  February  issue are  an ar t ic le  about  a  new sof tware  package for  HP 9000 

Series TechWriter, Computers and a pair of research reports. The software package, HP TechWriter, 
lets Ser ies 200 users edi t  text  and merge i t  wi th graphics to produce i l lustrated documents.  One 
of the introduction reports describes the investigation that led to the introduction of disc caching on 
H P  3 0 0 0  w a v e s  T h e  o t h e r  r e p o r t  d e s c r i b e s  t h e  a p p l i c a t i o n  o f  m a g n e t o s t a t i c  w a v e s  i n  t h i n  
ferr imagnet ic f i lms to a var iety of  electronic devices for processing microwave signals.  
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Optical Stimulus and Receivers for 
Parametric Testing in Fiber Optics 
An optical power source andan optical pulse power meter, 
both cal ibrated and programmable, provide rel iable device 
and system test ing for  the expanding f ie ld  of  f iber  opt ics.  

by Achim Ecker t  and Wol fgang Schmid 

OFFERING SIGNIFICANT ADVANTAGES over 
conventional techniques, such as coaxial or 
twisted-pair cables, fiber optic systems are gaining 

momentum in a large variety of applications. Typical envi 
ronments, aside from telecommunications, are computer 
and local area networks, data acquisition, process control, 
building automation, traffic control, CATV, and airborne 
systems. The design and production of such systems, their 
modules, and the components that go into them require 
test equipment capable of more than just a functional 
checkout. Comprehensive design verification is needed, 
ranging from the precise determination of bandwidth, flat 
ness, or pulse response to the measurement of thresholds, 
sensitivity, and linearity. 

Such tasks can be performed only with fiber optic test 
equipment that has parametric capabilities. With the HP 
8150A Optical Signal Source and the HP 8151A Optical 
Pulse Power Meter, Fig. 1, HP is offering a new family of 
instruments with these parametric characteristics, as well 
as high precision and capabilities not previously commer 
cially available. Hence, thorough testing of fiber optic com 
ponents, modules, and systems can be performed at high 
confidence levels. 

These new instruments offer peak power measurement 
(HP 8151A) and direct setting of calibrated optical levels 
via front-panel keys (HP 8150A). Both instruments incorpo 
rate large-bandwidth transducers, which provide easy con 
version from electrical to optical signals (HP 8150A) and 

Fig. 1 .  Two new products, the HP 
81 50 A Optical Signal Source (bot 
tom)  and  the  HP 81  51  A  Opt i ca l  
Pulse Power Meter (top left, shown 
w i t h  t h e  H P  8 1  5 1 1  A  O p t i c a l  
Head),  are prec ise,  fu l ly  program 
m a b l e  s t i m u l u s  a n d  r e s p o n s e -  
measur ing instruments for  design 
a n d  p r o d u c t i o n  t e s t i n g  o f  f i b e r  
optic devices and systems at short 
wavelengths. 
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from optical to electrical signals (HP 8151 A) up to 250 MHz. 
These instruments are designed as fundamental en 

gineering tools for fiber optics labs, incoming inspection, 
manufacturing test, and quality assurance. They are ex 
pected to be highly useful instruments for contractors and 
suppliers of fiber optic components and modules and fiber 
optic systems in computer or local area networks, industrial 
electronics, and telecommunications for short-distance 
networks. 

Optical  Signal  Sources 
Like their electronics counterparts, fiber optics design 

and production test engineers use sources, in this case 
optical sources, to stimulate components or systems for 
verification of their performance. In many cases the optical 
source consists of a self-built device based on an LED or a 
laser diode. Even if the source is a commercially available 
instrument, its output light level is usually not precisely 
known because the user must rely on the characteristic 
curve of the LED or the laser, with all its inaccuracies and 
temperature dependence, to determine the output power. 
This means that measurements where known levels are 
essential cannot be performed reliably. One example is the 
determination of the threshold levels of optical receivers. 

Testing receiver sensitivity or stimulating larger optical 
systems demands optical stimuli that offer a wide power 
range. In such situations engineers normally have to use 
an optical attenuator to adjust light levels to the desired 
value because the typical dynamic range of available 
sources is around 20 dB, insufficient to provide all of the 
levels needed. However, with an external attenuator, the 
actual output optical signal is not well-defined. Hence, 
time-consuming reference measurements are necessary. 

For design verification of optical devices and links, op 
tical signals must be applied that correspond in speed, 
shape, and levels to the signals encountered under actual 
operating conditions. This problem is frequently solved by 
modulating the optical source with an electrical signal. 
Again, self-built setups often do not control the source well 
enough to prevent the modulation from affecting the source 
itself. Modulation noise and temperature fluctuation are 
typical examples of such effects. 

Finally, the interfacing to the device under test still seems 
to be a critical issue. Because of the lack of standardization 
in fiber optic connectors and test procedures, there is usu 
ally no clear-cut definition of what the connector actually 
does to the optical signal, except for loss. Yet, for any 
precise and repeatable measurement the user must have a 
comprehensive description or specification of the optical 
signal when it enters the device under test. 

The new HP 8150A Optical Signal Source provides an 
answer to these problems. Its main element is an electrical- 
to-optical transducer, which can be modulated with analog 
or digital signals from dc to 250 MHz. This large bandwidth, 
coupled with variable transducer gain, covers the major 
requirements in terms of speed and power range for testing 
networks, industrial links, and short-distance communica 
tion systems. 

Major features of the HP 8150A include well-defined 
optical output levels, precision programmable attenuators, 
internal modulation for simulating real-life signals, and 

well-specified interfacing to the device under test. The HP 
8150A is described in detail in the article on page 7. 

Optical  Power Meters 
Undoubtedly one of the most important and commonly 

performed fiber optic tests is the measurement of optical 
power. The transmission of energy from one point in a 
system to another requires verification of power levels dur 
ing design, manufacturing, and operation. Such tests deter 
mine the magnitude of power emitted from light sources 
(laser or LED) and power lost in connectors, splices, and 
fiber inhomogeneities. 

Existing power meters typically measure the average 
value of optical signals, using pin photodiodes or other 
receiving elements. Knowledge of only average power can 
be meaningless, however, in situations where the signal 
consists of a digital data stream. Since the average power 
is a function of the duty cycle, the average power will vary 
according to the mark-space ratio of the optical input. This 
effect is even greater, of course, when the data stream in 
cludes long pauses, as is often the case during data trans 
mission. 

Another typical situation is the measurement of signals 
that consist of a constant light level (dc) modulated by an 
ac component subject to bandwidth limitation. Again, av 
erage power measurements lead to inaccurate results, be 
cause they cannot measure the reduction of the ac compo 
nent when the bandwidth limit of an optical transmitter, 
for instance, is reached. 

Available power meters also lack the ability to provide 
direct access to the optical signal being measured. Complex 
and expensive splitting methods are usually necessary to 
make the electrical equivalent of the optical input available 
for viewing on an oscilloscope, for example, or for further 
processing with any other electronic test instrument. 

The new HP 8151A Optical Pulse Power Meter, in com 
bination with the HP 81511A or HP 81512A Optical Head, 
offers solutions to these measurement problems. It makes 
both peak and average power measurements with Â±2.5% 
accuracy. It provides transducer capability, making the 
electrical equivalent of the optical modulation available 
for other uses. It interfaces easily to a variety of fiber optic 
connectors. The HP 8151A and the HP 8151 1A are de 
scribed in the article on page 18. 

Optical  Receiver 
A third new HP fiber optics instrument, the HP 81519A 

Optical Receiver, is a 400-MHz optical-to-electrical trans 
ducer for those who want to use their electronic test instru 
ments for fiber optics work. This instrument is discussed 
on page 27. 

Design and Development  Issues 
In the process of developing a completely new breed of 

fiber optics measurement instruments within a tradition 
ally electronics-oriented HP division, we had to deal with 
a large set of new problems, besides the normal questions 
and problems of any new development: 
â€¢ Evaluation of new components, many of which were 

still under development (e.g., laser diodes, glass fibers, 
and connectors) 
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Handling Fiber Optic Components 

Although HP's new f iber optic measurement tools are designed 
to  operate l ike the i r  e lect r ica l  equiva lents  wi th  the s ing le d i f fer  
ence of having a glass fiber input or output instead of an electrical 
connec t ion ,  i t  i s  impor tan t  to  be  aware  o f  what  th is  d i f fe rence  
really means. 

Rigidity of  Fiber Optic Cables 
The hear t  o f  the cable is  a  g lass f iber  wi th  a  d iameter  o f  125 

/xm. This l ight-carrying core is even smaller, namely 50 /urn. This 
f iber  is  surrounded by a number  of  coat ings to  protect  the f iber  
a n d  t o  b e  i t s  s t a b i l i t y .  A l t h o u g h  t h e  p u l l i n g  f o r c e  c a n  b e  
rather high (about SON, or 250N short-term) one must be careful 
in  bend ing  the  cab le .  The  min imum bend ing  rad ius  shou ld  no t  
be  less  than  50  mm.  Even  i f  bend ing  doesn ' t  ha rm the  cab le ,  
the at tenuat ion may increase s igni f icant ly.  

Mode Coupl ing 
The type  o f  cab le  HP uses  i s  ca l led  mu l t imode  because  the  

l ight is transmitted through a large number (around 500) of di f fer 
ent z igzag rays, cal led modes, within the f iber core (Fig.  1).  The 
light occurs transported because total internal reflection (TIR) occurs 
at the core/cladding boundary within a certain range of angles. 

Bending the cable changes this angle of incidence local ly with 
the effect that TIR vanishes. Higher modes are no longer reflected 
back in to  the core,  but  penet ra te  in to  the surrounding c ladding 
where  they  a re  eventua l l y  absorbed (F ig .  2 ) .  In  some types  o f  
cables,  these c ladding modes are mainta ined for  some distance 
(several  meters or more).  

In  any  case,  these  c ladd ing  modes mean add i t iona l  and  nor  
ma l l y  un in ten t iona l  l osses .  The  losses  a re  g rea te r  i f  t he  l i gh t  
distribution within the cable is out of equil ibrium. In the HP 81 50A 
Optical Power Source, therefore, care has been taken to establish 
the  des i red  equ i l i b r i um mode  d i s t r i bu t i on  (EMD)  a t  t he  i ns t ru  
ment 's  output .  Nevertheless,  for  precis ion measurements wi th in 
tenths of  a dB,  i t  is  important  not  to move the cables dur ing the 
measurement.  

F ig .  1 .  Mode  p ropaga t i on  i n  a  s tep - i ndex  g lass  f i be r .  Typ i  
ca l l y ,  modes  number  a round  500  fo r  g raded- index  p ro f i l es  
and around 1000 for  s tep- index prof i les.  

Guided 

F ig .  2 .  On l y  modes  w i t h  ang les  sma l l e r  t han  am o r  / 3  a re  
gu ided.  Larger  ang les  cause penet ra t ion  in to  the  c ladd ing,  
where absorpt ion eventual ly  occurs.  

Connectors 
The var ie ty  o f  f i be r  op t i cs  connec to rs  o f fe red  today  i s  huge 

and no standardizat ion is  in  s ight .  There is  a lso a considerable 
gap between speci f icat ions and real i ty  in  normal  envi ronments.  
Since a precis ion measurement inst rument  requi res a precis ion 
f i b e r  o p t i c s  c o n n e c t o r ,  t h e  H P  8 1 5 0 A ' s  b u i l t - i n  c o n n e c t o r  i s  
mach ined  t o  ve r y  c l ose  spec i f i ca t i ons  (<1  / xm)  and  i s  o f  t he  
preadjusted type.  This means the f iber core is  act ively adjusted 
t o  t h e  a  o f  e a c h  c o n n e c t o r  i n d i v i d u a l l y ,  t h u s  c a n c e l l i n g  a  
number of  f iber to lerances.  

Th is  h igh connector  prec is ion is  on ly  usefu l  i f  the equipment  
i s  p roper ly  hand led .  Any  con tamina t ion  o f  the  f iber  end  a t  the  
connector face by dust  part ic les,  f ingerpr ints,  or  incorrect  c lean 
i ng  me thods  mus t  be  avo ided ,  s i nce  these  e f f ec t s  can  eas i l y  
yield an addit ional connector attenuation of 1 dB, thus deter iorat 
ing the accuracy of  the inst rument .  For  th is  reason,  each inst ru 
ment is  furnished wi th a specia l  c leaning k i t .  

Connectors with Matching Fluids 
The normal f iber-to-f iber coupling is a butt transit ion with a t iny 

air  gap in between (dry coupl ing).  Besides yielding 8% ref lect ion 
wi th in  the connector  (4% Fresnel  loss a t  each g lass- to-a i r  t ran 
s i t ion) ,  wh ich  i s  a  f i xed  va lue  and is  taken in to  account  in  the  
speci f icat ions,  there may be mul t ip le in ter ferences between the 
f iber surfaces. 

Since the laser l ight is coherent and the air gap is on the order 
of l ight wavelengths, any sl ight change of this air  gap might al ter 
the in ter ference pat tern  and change the a t tenuat ion o f  the con 
nector  t rans i t ion.  Th is  e f fect  is  common to  a l l  but t -coupled con 
nectors  and is  in  the  order  o f  0 .1  dB.  In  the  HP connector ,  the  
end faces  have a  s l igh t  ang le ,  so  tha t  these  in te r fe rences  a re  
great ly reduced. However,  for  the utmost measurement stabi l i ty,  
t h e s e  a  c a n  b e  a v o i d e d  c o m p l e t e l y  b y  i n s e r t i n g  a  
matching f luid between the f iber ends. This immersion oi l  is also 
provided wi th the c leaning k i t .  

Wol fgang Schmid 
Project  Leader 

BÃ²blingen Instruments Division 

Design of optics for miniature components with dimen 
sions in the /am region 
Construction of precise, rigid mechanics to hold the op 
tical components needed for imaging, splitting, and at 
tenuating the light beam, while at the same time allowing 
for slight adjustments 
Developing processes to hold the different optical com 
ponents (gluing, centering, and laser welding) 
Construction of optomechanical tools to adjust the opti 
cal parts precisely and actively 

â€¢ Design of precision electrooptical standards to verify the 
specifications of the instruments accurately over wide 
dynamic and frequency ranges 

â€¢ Construction of various safety circuits to eliminate any 
possible danger to the user and to meet international 
safety requirements. 

Design Goals 
Our design goals for the new instruments were: 

â€¢ Design instruments that are as universal as possible to 
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overcome uncertainties about how to measure the param 
eters of interest. 
Design instruments that set standards and enable the 
user to do measurements easily and quickly, with a 
minimum of additional instruments. 
Design the instruments so that one can perform fiber 
optic measurements in the same way as electrical mea 
surements, since familiarity greatly reduces errors, 

simplifies measurements, and broadens the range of ap 
plications. 

â€¢ Make the operation as easy and as foolproof as possible. 
Foresee potential problems and try to give practical 
solutions, even if the problems are not very obvious right 
now. 
Other articles in this issue describe how various issues 

were addressed and the design goals met. 

A Precise, Programmable 850-nm Optical 
Signal Source 
by Wolfgang Schmid,  Bernhard Flade,  Klaus Hoeing,  and Rainer  Eggert  

THE HP 8150A OPTICAL SIGNAL SOURCE (Fig. 1) 
is a general-purpose stimulus source for various 
kinds of fiber optic measurements. It produces opti 

cal power over a range of 1 nW to 2 mW, a dynamic range 
of 63 dB. Hence one can measure from the sensitivity limits 
of optical receivers at very low light powers up to their 
saturation limits at high powers. This optical power output 
can be modulated by electrical signals in a broad frequency 
range of dc to 250 MHz, allowing real-time measurements 
of fast components. Other performance highlights include: 
â€¢ High accuracy and stability. Â±0.5 dB relative and Â±1 dB 

absolute accuracy gives reliable power levels without 
the need of checking the level before each measurement. 
Stability of Â±0.05 dB enables repetitive measurements 
of even small changes, for example, in splice losses. 

â€¢ Low signal distortion means that not only can digital 

performance be measured, but also analog parameters 
such as linearity and signal degradation. Total harmonic 
distortion of the HP 8150A is less than 2%. 
Convenient power setting. With just a few keystrokes, 
one can control the light parameters easily and quickly, 
in the terminology of the application. 
User-friendly specifications. The optical output specifi 
cations apply to the light power within the fiber pigtail, 
including connector losses. This means that the output 
is specified where it is used. 
Cleanable fiber optic connectors. Contamination of any 
fiber optic connector by dust, fingerprints, or other sub 
stances deteriorates the performance and can make pre 
cision measurements impossible. The HP 8150A output 
connector is easily cleaned, and a cleaning kit is fur 
nished with the instrument. 

Fig. 1 . The HP 8 1 50 A Optical Sig 
nal Source produces optical power 
at  a wavelength of  850 nm over a 
r a n g e  o f  1  n W  t o  2  m W .  P o w e r  
level accuracy is Â±0.5 dB relative 
and Â±7 dB abso lu te ,  s tab i l i t y  i s  
Â±0.05 dB, and total harmonic dis 
tort ion is less than 2%. Internal or 
external  modulat ion of  the opt ical  
signal is possible over a frequency 
range o f  dc  to  250 MHz.  
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Laser Safety Practices 
Lasers  emi t  rad ian t  energy ,  wh ich  may cause eye damage i f  

c e r t a i n  v a l u e s  a r e  e x c e e d e d .  T h e s e  v a l u e s  d e p e n d  o n  t h e  
wavelength,  wi th the maximum permissib le exposure increasing 
w i th  wave length .  S ince  energy  is  impor tan t ,  these va lues  a lso  
change with the exposure t ime, the worst  case being cont inuous 
exposure (CW),  which is  ach ievable  wi th  the HP 8150A Opt ica l  
Signal Source. International standards are set by IEC Publication 
76(CO)6;  i ts  recommendat ions have been wide ly  adopted.  

From the values given in th is publ icat ion and for  typical  radia 
t i o n  F o r  a  c r i t i c a l  v i e w i n g  d i s t a n c e  c a n  b e  d e r i v e d .  F o r  t h e  
output  of  the HP 8150A, which is  v ia a graded- index f iber,  there 
is  a  cr i t ica l  d is tance of  70 mm (2.77 in)  for  the wors t  case of  2  
mW CW. Several  other publ icat ions suggest a minimum distance 
at  which the eye can focus on an object .  This distance is consid 
ered to  be about  60 mm. Compar ing these two va lues ind icates 
that  the HP 8150A can a lmost  be considered safe.  However,  we 
recommend not  look ing in to open f iber  ends at  a l l  i f  the f iber  is  
i l l um ina ted .  I f  t h i s  i s  necessa ry ,  wear  p ro tec t i ve  eyeg lasses ,  
w h i c h  c a n  b e  o r d e r e d  s e p a r a t e l y  f r o m  H P  ( H P  P a r t  N u m b e r  
9300-1094). 

Safety Regulat ions 
Al l  laser  p roducts  have to  be  c lass i f ied  to  es tab l ish  su i tab le  

means to  protect  the user  f rom dangerous l ight  power leve ls .  
The IEC dist inguishes f ive classes (1, 2, 3A, 3B, 4),  with class 

1 being inherently safe and class 4 considered to be dangerous. 
For  each c lass  there  are  cer ta in  sa fe ty  requ i rements .  In  the  

case  o f  the  HP 8150A,  wh ich  fa l l s  in to  c lass  3B,  the  fo l low ing  
are required: 
â€¢ Safety information in the local language 
â€¢ Protective housing 
â€¢ Warning and aperture labels 
â€¢ Key control for the ac l ine switch 
â€¢ Audible or visible LASER ON sign 
â€¢ Automatic beamstop 
â€¢ Remote control. 

The HP 8150A meets  these requ i rements .  I t  has a lso passed 
a  safe ty  tes t  per formed by the German Laser  Commit tee o f  the 
Berufsgenossenschaft  and is al lowed to carry the GS (geprÃ¼fte 
Sicherhei t )  label ,  which is  comparable wi th the VDE label .  

â€¢ Adapters for different connectors. There is a large variety 
of fiber optic connectors on the market, many of them 
not precise enough to be incorporated into the HP 8150A. 
Our approach is to use a precision connector (Diamond 
HFS1) at the instrument's output. The user has the choice 
of either connecting the external circuit to the bare end 
of the 2-meter pigtail supplied or using adapter cables, 
which we also offer, and which include some of the most 
widely used connector types. The instrument's output 
is specified at the end of the 2-m pigtail. 

â€¢ Extensive self-test capabilities give confidence in the 
instrument's performance and ensure immediate infor 
mation about the instrument's status. 

â€¢ HP-IB (IEEE 488) capabilities. The HP 8150A can be 
incorporated into a measuring system under computer 
control, for example, in production testing or quality 
assurance. 

Technical  Contr ibut ions 
Some special approaches and techniques had to be im 

plemented to achieve the HP 8150A's specifications, per 
formance, and features. 

To achieve the high output power of 2 mW together with 
the high bandwith of 250 MHz, we use a laser diode, which 
in turn means extensive stabilization and control circuitry. 
The huge dynamic range of 63 dB in light output power 
led to development of a special optical system, a miniature 
optical bench with passive attenuators. The low distortion 
demanded a wideband control loop, which senses the ac 
tual front-facet light of the laser diode (a departure from 
the more common method, back-facet monitoring) and uses 
only highly linear components. 

The laser diode is protected both by limiting the drive 
currents and by sensing the actual light output power of 
the laser diode. This is expected to improve the reliability 
of the instrument. 

Achieving dependable measurement values demands a 
certain light distribution within the optical fiber. Special 
care had to be taken to provide this equilibrium mode 
distribution (EMD) at the instrument's light output. 

Easy handling and error-free setups are facilitated by 
application-oriented parameter selection, complete specifi 
cations, and rigid and accurate fiber optic connectors. 

Operat ing Concepts 
The HP 8150A Optical Signal Source incorporates two 

main parts: an electrical-to-optical transducer and an inter 
nal modulation generator. The generator is essentially a 
pulse/function generator like the HP 8116A,1 but without 
an output amplifier. The transducer consists of a laser 
diode, a regulation circuit, and a programmable optical 
attenuator. 

The HP 8 150 A operates in either modulator mode or 
transducer mode. In modulator mode, the HP 8150A per 
forms like a conventional pulse/function generator with an 
optical output, that is, it provides calibrated level setting, 
variable timing parameters, trigger/gate modes, submodula- 
tion modes, and various waveforms. The front-panel and 
HP-IB designs are done with the objective of achieving 
compatibility of the human interface with the HP 8116A 
whenever possible. Thus a user familiar with this generator 
is immediately capable of dealing with the HP 8150A (and 
vice versa). Nevertheless, there are slight differences, 
which offer some advantages to the operator of the HP 

High Power Level  (HPL) 

F ig .  2 .  W i th  i n te rna l  modu la t i on ,  t he  use r  can  mod i f y  f ou r  
parameters of  the opt ical  s ignal .  These are the h igh and low 
levels,  the mesial  level,  and the ext inct ion rat io.  
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8150A. One is random access to any function (one key, 
one function). In the case of senseless settings, the user is 
not bothered with a confusing multitude of blinking lights, 
but the entry is accepted and the instrument continues to 
operate with a meaningful setting, which is indicated by 
the front-panel lights. The senseless entry is stored, how 
ever, and becomes active when the proper combination of 
modes and parameters is selected. Key blinking is reserved 
for settings that are usually expected to work but don't 
because the instrument's lack of capability is not self- 
evident. 

The store/recall feature allows the saving and retrieving 
of eight complete instrument settings. The number of the 
last accessed set is displayed to provide protection against 
inadvertent overwriting. The store/recall settings can be 
accessed in an arbitrary (instead of only serial) order. 

Great flexibility is allowed in the power level setting, 
which can be specified in watts, dBm, or dB relative to a 
user-definable reference. 

In transducer mode, the electrical-to-optical converter is 
disconnected from the internal modulator and direct-dri 
ven from an external input. In this mode it is possible to 
set up a calibrated conversion factor and offset compensa 
tion for the external signal source. The bandwidth of 250 
MHz allows both analog and digital applications. 

Optical  Parameters 
While modulator mode is active, the user can modify 

four parameters of the optical signal (see Fig. 2): 

HPL: high power level 
LPL: low power level 

MPL: mesial power level, i.e., (HPL 
EXR: extinction ratio, i.e., HPL/LPL 

LPL) /2  

These parameters are not all independent, so "parameter 
couples" are defined to inhibit ambiguity. The couples are 
(HPL, LPL) and (EXR, MPL). Modifying one parameter causes 
a change of both parameters of the other pair. This will be 
discussed in more detail later in this article. 

User Safety 
The HP 8150A is a class 3B laser product. Therefore, 

some efforts are made to protect the user from hazards. In 
addition to warning labels, on/off keyswitch, remote inter 
lock, and automatic laser shutoff, a safety task is periodi- 

Modulator 
Output 

Optical 
Output Transducer 

Input 
0 to 250 MHz 

i  400 MHz 

Conversion Factor 
=820 u W V 

Conversion Factor 
=  1 .8  mWV 

F ig .  3 .  S imp l i f i ed  b lock  d iag ram o f  the  HP 81  50  A  Op t i ca l  
Power Source. 

< * o u t =  ( C o n v e r s i o n  F a c t o r ) ( V i n  +  1 1 / 1  8 V )  

Fig.  4.  With external  modulat ion,  the user can select  the con 
version factor in mil l iwatts, microwatts, or nanowatts of optical 
output per vol t  of  electr ical  input.  

cally performed by the microprocessor. The processor 
checks the laser shutoff hardware, the output shutter, and 
the remote interlock switches for proper function. In the 
case of any malfunction, the processor disables the optical 
output and the laser, initiates an error message (local and 
remote), and inhibits any operation of the instrument. 

Self-Test 
A built-in self-test permits an automatic functional check 

of the HP 8150A assemblies. The tested groups are the 
microprocessor system (keyboard, display, RAM), the mod 
ulator (frequency and width generator), the transducer (sta 
bility, settling time, laser), and the safety interlocks (optical 
shutter, auto shutoff, remote interlock). 

The test is executed each time the instrument is turned 
on or a special test command is sent via the HP-IB. The 
optical part of the self-test is also performed each time a 
laser off-on transition is detected. This happens, for exam 
ple, when a fiber cable is connected to the instrument. 

Another feature, useful for diagnostics and troubleshoot 
ing, is direct access. This is the initiation of a read or write 
operation to the microprocessor system or processor- 
accessible hardware. For instance, it is possible to transfer 
a machine language test routine to the RAM and start its 
execution via the HP-IB. 

Block Diagram 
The block diagram of the HP 8150A is shown in Fig. 3. 

The modulation generator, a 50-MHz pulse/function 
generator adapted from the HP 8116A,1 produces sine, 
triangle, square, and pulse waveforms up to 50 MHz. It 
provides for internal and external triggering, internal and 
external gating, external pulse width control, and various 
submodulations: AM, FM, VCO, and PWM (pulse width 
modulation). 

In modulator mode, this generator section is connected 
to the electrical-to-optical transducer. In this configuration 
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the HP 8150A acts as an optical pulse/function generator 
with a fiber optic output. The user can select any modula 
tion waveform in the frequency range of 1 Hz to 50 MHz, 
or no modulation, which gives a CW (continuous wave) 
light output. The large dynamic range of the light power 
(1 nW to 2 mW) is achieved mainly with an attenuator, 
which is described later. A supplementary output (MOD 
ULATOR OUT) on the rear panel shows the electrical signal 
as generated by the modulation generator. This is useful 
when doing comparative measurements (e.g., time delays, 
fidelity of signal shape, etc.). 

In transducer mode, the generator is disconnected and 
the electrical-to-optical transducer is connected to a broad 
band preamplifier which handles the input signal applied 
to the TRANSO IN connector. In this mode one can apply 
any waveform between dc and 250 MHz to modulate the 
optical output. Since the instrument has no information 
about the input signal, the user selects the differential effi 
ciency of the electrical-to-optical transducer as a conver 
sion factor in mW/V, /iW/V, or nW/V. This means that an 
electrical input swing of IV results in an optical power 
swing of the value displayed on the front panel (see Fig. 
4). To accomodate various input signals, including ECL 
levels, the normal input window of Â±0.5V can be shifted 
by an additional Â±1.2V by selecting offset compensation 
(OFFS COMPS). Another task of the preamplifier section is 
to limit the output signals supplied to the electrical-to- 
optical transducer so as not to overdrive the laser diode 
even with excessive input signals. This section also allows 
for normal/complement switching. 

Electr ical-to-Optical  Transducer 
The electrical-to-optical transducer converts its input 

signals within a Â±0.5V window into the optical equivalent 
and allows for further attenuation. The two main sections 
are the laser section, which provides driving, control, and 

protection of the laser diode, and the attenuator section, 
which attenuates the light power from the laser diode by 
means of passive attenuators. Fig. 5 is a block diagram of 
the transducer. In the laser section, the laser diode converts 
electrical current into optical power. The laser diode is a 
CW type with a double heterostructure of GaAlAs. It emits 
a multimode spectrum in the near infrared region at 850 
nm (for comparison, the visible range of light lies within 
380 and 780 nm). 

The laser diode is a very powerful component. This type 
of diode allows fast modulation up to the GHz region while 
achieving high output powers (up to 10 mW). LEDs, on the 
other hand, are either fast or deliver high power, but not 
both. 

The conversion curve (light flux versus current, Fig. 6) 
shews an important property, namely a threshold current 
that has to be exceeded to achieve laser operation. Below 
the threshold, the laser diode acts as an LED with uncorre- 
lated, spontaneous light emission. This means that there 
has to be enough bias current to push the laser diode into 
the lasing region, and that there is a pedestal value of light 
power below which we cannot go. 

On the other hand, there exists an upper limit of 
maximum light power out of the laser diode which must 
not be exceeded for reasons of lifetime. The dynamic range 
for our laser is therefore restricted to about 10 (ratio of 
highest allowable light power level to lowest possible light 
power level). This value is called the extinction ratio (EXR) 
and is characteristic of any laser diode. The large dynamic 
range of the instrument as a whole, therefore, has to be 
accomplished by additional passive attenuation. 

Although powerful in some ways, the laser diode is also 
a rather delicate part. Figs. 7a and 7b show typical vari 
ations of laser diode light flux versus temperature and 
lifetime. Two means are used to stabilize the laser diode 
against variations of temperature. First, the heat sink tern- 

Offset 
Compensation 

Multiplier 
Gain 

Transducer  
Input 

To Microprocessor  

Gain Error 
Detect 

Position 
Sensing 

Fig.  L ight  laser diagram of the electr ical- to-opt ical  t ransducer.  L ight  emit ted by the laser diode 
is  cont ro l led by var ious at tenuators  and feedback loops.  
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~ 1 0 m W  

Laser  Emi ts  
Spontaneous, 

Incoherent Light 
Stimulated. 

Coherent Light 

-  

d ' m i n  
= 1 mW 

Threshold Current 
ltn â€”100 m A 

Driving Current I  

F ig .  6 .  Typ ica l  f l ux -ve rsus -cu r ren t  cu rve  fo r  a  ga in -gu ided  
laser diode. Note the minimum, or pedestal, light power <i>min. 

perature of the laser diode is held constant. This is done 
by mounting the laser on a thermoelectric cooler (Peltier 
element) and controlling its temperature by a special reg 
ulator section (see Fig. 8). This suppresses variations in 
the ambient temperature and therefore greatly increases 
laser lifetime, which is an exponential function of temper 
ature. Modulating the laser by varying the current, how 
ever, means also varying the junction temperature and 
therefore also has an effect on the laser curve. In purely 
digital applications this effect can be mostly neglected. 
However, if we also want the transducer to be highly linear 
for analog applications, this nonlinear effect has to be com 
pensated. This is the task of the laser control section and 
is done in an unconventional way (see Fig. 9). 

A laser diode emits in two directions. The front beam is 
normally coupled into a fiber, whereas the back beam falls 
onto a photodiode within a control loop. Since the front-to- 
back matching of the two light outputs is typically only 
within 5 to 10% over the modulation range, this method 
is not suitable for high-linearity control. 

We therefore take a sample of the front light, which even 
tually is launched into the output fiber. A beamsplitter 
deflects about 5% of the main beam onto a photodiode. A 
reference value is derived from the electrical input signal 
and is connected to the photodiode via a purely resistive 
network. 

In this way, the comparison between actual and reference 
values involves only highly linear components (beamsplit 
ter, photodiode, resistors). The result is excellent linearity 
of the electrical-to-optical conversion, since the subsequent 
error amplifiers are within the feedback loop (see Fig. 9). 
We achieve not only excellent thermal stabilization but 
also good linearization of the laser diode within the 
bandwidth of the control loop (several MHz). 

The laser's back-facet radiation is also monitored, as 
explained later in this article, by a circuit that limits the 

laser's light output to prevent damage to the laser. 

Laser Gain Control  
Closed-loop control up to the upper frequency of 250 

MHz. however, is not possible, because the loop bandwidth 
is limited to less than the bandwidth of the output. Above 
the bandwidth of the feedback loop the laser diode is driven 
directly. Great care has to be taken to ensure that the closed- 
loop low-frequency gain and the open-loop high-frequency 
gain match perfectly (see Fig. 10). Any change of the laser's 
characteristics with age will deteriorate this matching. To 
compensate for this and to maintain near-perfect matching 
between the two frequency bands, a special laser gain con 
trol section has been incorporated. The correction is done 
under microprocessor control and compensates for any de 
crease in laser efficiency by increasing the current swing 
delivered to the laser diode using a gain-controlled differ 
ential amplifier. 

This section is also able to detect a deteriorated laser 
diode by noting when the laser efficiency falls below a 
minimum allowable value. 

The matching of closed-loop and open-loop frequency 
responses is done by modulating the laser with a square 
wave and monitoring the difference between the nominal 
and the actual signals. 

Temperature 

Driving Current I  

(b) 
Driving Current I  

F i g .  7 .  ( a )  T e m p e r a t u r e  d e p e n d e n c e  o f  l a s e r  d i o d e s .  T h e  
t yp i ca l  t empera tu re  coe f f i c i en t  o f  t he  t h resho ld  cu r ren t  i s  
1%/Â°C.  (b )  Ag ing  behav io r  o f  laser  d iodes .  Wi th  t ime,  the  
threshold current  increases and the di f ferent ia l  ef f ic iency de 
creases. 
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istor 

Fig. 8. The laser diode is mounted 
on a thermoelectr ic cooler and i ts 
temperature is control led by a reg 
ulator circuit. This cutaway view of 
the  laser  head shows the  Pe l t ie r  
cooler,  the photodiode for monitor 
ing the laser's back-facet emission, 
t h e  t h e r m i s t o r ,  a n d  t h e  G a A I A s  
laser diode. 

The control loop consists of a sample-hold-compare cir 
cuit (see Fig. 11) whose output is fed back to the micropro 
cessor and an adjustable laser current source. Using an 
algorithm called Fibonacci search, the laser current is ad 
justed until a relative minimum of the signal difference is 
found. (The search algorithm is not as quick as simple 
interval halving, but is more reliable.) 

Besides laser gain control, this system provides a criter 
ion for deciding whether the laser is defective or not. For 

proper operation the minimum value found by the, al 
gorithm is expected to be in a certain range. An out-of-range 
value indicates a defective laser. 

This check takes a few seconds and cannot be executed 
during normal operation because it may cause an undesir 
able output signal. On the other hand, the check should 
be performed as often as possible to guarantee the instru 
ment's specifications. As a compromise, an optical self-test 
is performed each time the instrument is turned on or a 

Optical Bench 

Beamsplitter 

M i c r o p r o c e s s o r  |  
Comparison 

between 
Photocurrent 

and Input 
Voltage Input to 

Electrical-to- 
Opt ical  

T r a n s d u c e r  

Fig. 9. Simpli f ied schematic of the 
laser contro l  sect ion that  compen 
sa tes  fo r  l ase r  non l i nea r i t y .  The  
front-facet laser radiation (i.e., the 
actual laser output) is sampled by 
a beamspl i t ter  and a photodiode.  
Only highly l inear components are 
used at the error node (comparison 
point). 
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Frequency 

Fig. 10. The laser control section provides closed-loop control 
of  the laser output up to the loop cutoff  f requency. Above the 
loop bandwidth,  laser  cont ro l  is  open- loop.  The c losed- loop 
a n d  o p e n - l o o p  f r e q u e n c y  r e s p o n s e s  m u s t  b e  c a r e f u l l y  
matched. This is done by a separate laser gain control section. 

fiber optic cable is connected. 
If a self-test is initiated via the HP-IB, the optical output 

is disabled and brought back to its pretest condition after 
the self-test has been completed. 

Attenuator Control  
As mentioned earlier, modulation of the laser diode can 

only vary the light power by a factor of 10 (10 dB). To 
obtain an additional 60 dB of attenuation, further passive 
attenuation is required. This attenuation is performed in 
two steps (see Fig. 5). A continuously variable neutral den 
sity filter provides attenuation values between 0 and 20 
dB, and a three-step attenuator provides fixed values of 0 
dB, 20 dB, and 40 dB. 

Selecting the first pair of optical output parameters (HPL 
and LPL) will influence both the laser modulation and the 
passive attenuation. Since the laser characteristic only al 
lows a dynamic range of 10 dB, there is an automatic adjust 
ment of one level if the user tries to adjust the other level 
so that it exceeds this limitation. Suppose the instrument 
is set up at HPL = 750 /xW and LPL = 90 /uW. The user 
now changes the high power level to a new value of HPL 
= 1 mW. Together with LPL = 90 ,uW, this would require 

a dynamic range of 10.5 dB (or EXR = 11.1), which can't 
be obtained. Therefore, LPL will be adjusted so that it re- 

From Error 
Amplifier 

Fig.  1  1  .  Match ing o f  c losed- loop and open- loop f requency 
r e s p o n s e s  i s  d o n e  b y  m o d u l a t i n g  t h e  l a s e r  w i t h  a  s q u a r e  
wave and moni tor ing the d i f fe rence between the ac tua l  and 
the nominal  s ignals.  The major element of  the control  loop is 
th is  sample-hold-compare c i rcui t .  The microprocessor reads 
i ts  output  and ad justs  the laser  cur rent  to  f ind the min imum 
of the di f ference signal.  

mains within the limits, that is, it will be automatically set 
for LPL =100 /iW. 

The same adjustment occurs if one goes below the lower 
limit, which is the case at an EXR of 1.18. Fig. 12 shows 
the allowable range of level settings. 

This type of level setting is most convenient for checking 
levels and thresholds. For applications where attenuation, 
for example in fibers, is the main concern, the other type 
of level setting (MPL and EXR) is more convenient. 

MPL is a kind of average power, but unlike an average, 
it is independent of duty cycle. Regardless of the waveform, 
changing MPL means altering the attenuation of the entire 
optical signal with the other parameter, EXR, remaining 
constant. Changing the extinction ratio, on the other hand, 
doesn't change MPL, but controls the relative swing or mod 
ulation index m of the signal. These terms are related as 
follows: 

m = (EXR-1)/(EXR + 1) 

EXR = (  - m )  

This type of level setting influences the hardware very 
straightforwardly. The MPL controls the passive attenua 
tion, and the EXR changes the laser modulation. 

To achieve high accuracy and stability, the attenuation 
must be controlled precisely. The step attenuator consists 
of two pairs of neutral density filters on a filter wheel. It 
is swung into the optical path by a step motor. This can 
be done accurately and with high repeatability, so there is 
no need for further control. Even the tolerances of the filters 
don't have to be very tight, because small variations can 
be compensated by the continuous attenuator. 

The continuously variable attenuator is realized by a 
metal-coated glass disc with the attenuation varying over 
the angle of rotation. To achieve high resolution, a dc motor 
was chosen as the driving element. For high accuracy and 
stability, the position of the motor, and therefore the attenu- 

1 . 1 9 m W      - /  â € ”  Allowed Area 
of HPL, LPL 
Settings 

HPL 
= 1.18 nW 

= 1 nW 
0.2  mW 

Low Power Level LPL 
= 1.01 mW 

Fig. 12. Range of possible high and low power level sett ings. 
A u t o m a t i c  a d j u s t m e n t s  o c c u r  i n t e r n a l l y  t o  k e e p  t h e  H P  
8150A's operat ion in  the a l lowed range.  
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ation of the filter disc, is controlled by another loop (see 
Fig. 5). 

A beamsplitter similar to that used for the laser control 
system sits behind the continuous attenuator and deflects 
5% of the transmitted beam onto a photodiode. This signal 
is compared with a reference signal derived from the input 
signal of the electrical-to-optical transducer. It is important 
to note that both signals contain ac components (if the laser 
output is not CW). This ac comparison makes the control 
loop duty-cycle-independent. Comparing the deflected sig 
nal, which carries the laser modulation, with a fixed dc 
value would be much easier, but the attenuator control 
would tend to remove the modulation at low frequencies 
where the speed of the dc motor is high enough to follow 
these error signals. 

The attenuation of the filter is changed by changing the 
reference value for the control loop, which is done by a 
multiplying digital-to-analog converter (DAC). 10-bit reso 
lution is required for one 10-dB range (e.g., from 10 /u.W to 
100 /Â¿W). 

Applying this method over the entire 20-dB range of the 
filter disc would require at least 14-bit resolution. To avoid 
the need for such a high-resolution DAC, the 10-bit resolu 
tion of the reference DAC is increased by changing the 
amplification of the photodiode path by a factor of 10. 

Optical  Bench 
The laser light is controlled and attenuated within a mini 

ature optical bench (see Fig. 13). A solid metal block carries 
the optical elements such as lenses, beamsplitters and at 
tenuators. The design of this bench is discussed later in 
this article. 

The divergent light cone out of the laser diode is colli- 
mated by a lens system, with the first lens being part of 
the laser diode package. The parallel beam is guided 
through the bench and is finally focused onto the output 
fiber. To achieve the required light distribution within the 
fiber, this launching approximately obeys the 70% rule, 
which means the spot size on the fiber end is 70% of the 
fiber diameter and the launching aperture is 70% of the 
numerical aperture of the fiber. For our graded-index mul- 
timode fiber, a spot size of 35 /Â¿m and a launching cone 
with an angle of 16 degrees has to be obtained. This yields 
an approximate equilibrium mode distribution (EMD), 
which is further improved by a mode filter within the out 
put fiber. Fig. 14 gives typical results of the near and far 
fields of the fiber output, which show that the field distri 
bution is very close to the EMD obtained after a 1-km fiber 
length. 

Fig. miniature The laser light is controlled and attenuated within this miniature optical bench. A so/id 
metal  b lock carr ies the opt ica l  e lements.  
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Laser Protection Circuit  
To prevent overdriving the laser diode, all voltage and 

current sources around the laser diode are limited. Further 
more, the laser driver circuity is powered from only one 
supply voltage ( - 15V) to avoid problems caused by differ 
ent settling times of the power supply voltages. 

However, laser diodes are mainly destroyed by mirror 
damage, which is caused by too much light power. Thus 
the best and most direct protection is to limit the output 
power of the laser diode. This is done with a special pro 
tection circuit, which is simple, reliable, and fast (see Fig. 
15). 

A photodiode is mounted within the laser package and 
senses the back-facet radiation of the laser diode. If the 
maximum limit is exceeded, a shunt transistor parallel to 
the laser diode becomes conducting, thus drawing exces 
sive current away from the laser diode. Since only emitter 
followers are used, the speed of the circuit is limited only 
by the time constant of the photodiode capacitance and 
the sensing resistor Rs, which can be kept small. Bypass 
transistor Q23 allows the circuit to be active even during 
power-up and power-down. 

A f t e r  1  k m  ( E M D )  

A f t e r  2  m  

- 4 0  

(a)  

- 6 0  

O T  

- 4 0  - 2 0  0  2 0  4 0  

R a d i a l  D i s t a n c e  f r o m  C e n t e r  o f  F i b e r  ( y u m )  

6 0  
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A f t e r  2  m  

- 4 0  

(b )  

- 2 0  - 1 0  O  1 0  
R a d i a t i o n  A n g l e  f r o m  N o r m a l  t o  F i b e r  F a c e  ( d e g r e e s )  
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Fig. 14. (a) A near-f ield scan of the mode distribution 2 meters 
from the HP 81 50 A output shows excel lent matching with the 
desired equi l ibr ium mode dist r ibut ion measured af ter  a 1-km 
f iber ,  (b )  The fa r - f ie ld  scan a lso  shows good match ing w i th  
the  equ i l i b r i um mode  d i s t r i bu t i on .  The  r i pp le  i s  caused  by  
the speckle pat tern on the f iber end, a resul t  of  the coherent 
l ight of  the laser diode. 

Laser Safety Circuit  
To prevent any unintentional radiation at the light out 

put, the instrument is equipped with two independent 
types of safety circuits, which shut off the light output 
when no optical cable is connected (see Fig. 15). This is 
done by switching off the laser diode and interrupting the 
light beam within the optical bench by a mechanical shut 
ter. 

For reliability, a mechanical approach with double 
switches is used for sensing. These switches are pressed 
back when a fiber optic connector is inserted. The laser 
diode can then be activated, but the mechanical shutter 
still interrupts the beam. A separate key (DISABLE) has to 
be pressed to remove this shutter and get light into the 
fiber. This is also the case after switching on the instrument. 
This disable function can also be performed via the HP-IB . 

An additional property mandated by international safety 
requirements is the remote interlock capability, which has 
the same effect as the disable function, but acts indepen 
dently and directly shuts off the laser diode. An external 
cable loop can be connected to a rear-panel outlet (REMOTE 
INTERLOCK). When this loop is interrupted, it switches off 
the laser diode, since it is in series with the front-panel 
switches. The external loop might be connected to a remote 
switch at an entrance door or to an emergency pushbutton. 

Optical  Bench Design 
The main functions of the optical bench are to: 

â€¢ Collimate the laser beam 
â€¢ Attenuate the optical signal 
â€¢ Provide stable coupling into a graded-index fiber with 

50-/um core diameter under conditions of shock and vi 
bration and over a wide temperature range 

â€¢ Ensure an equilibrium mode distribution at the optical 
output 

â€¢ Ensure optical output safety with automatic laser shutoff 
â€¢ Minimize optical losses. 

The optical bench consists of two building blocks (see 
Figs. 13 and 16), the laser head and the optoblock. The 
laser head contains the laser diode on a Peltier cooler, a 
back-facet photodiode, a thermistor, and a microlens. The 
optoblock carries all optical and mechanical components 
for attenuating and coupling the light into the fiber. 

The housing of the laser head consists of a ring and a 
cap. The cap carries the first collimation microlens. Both 
parts, ring and cap, are precisely adjusted with respect to 
the emitting area of the laser diode, which is on the order 
of 1 x 5 Â¿im. This positioning is done actively, by monitor 
ing the procedure by means of TV cameras with the laser 
emitting. To obtain reliable operation over a long period, 
adjustment and subsequent laser welding of the housing 
are done in a dry nitrogen atmosphere. 

The second lens of the system is outside the housing but 
within the laser head carrier. It is preadjusted for the best 
collimated beam and the entire subassembly is mounted 
to the optoblock. 

The collimated laser beam hits the first beamsplitter. 
This partly reflecting mirror can be tilted and turned for 
precise adjustment of the reflected beam onto the first pin 
photodiode, which measures the light output for the laser 
control loop. Great care had to be taken to achieve a mode-, 
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Laser  Head 

B a c k - F a c e t  -  
P h o t o d i o d e  

Shu t te r  Pos i t i on  
S t e p  A t t e n u a t o r  

F i b e r  C o n n e c t o r  
(F ron t  Pane l )  

r â € ”  S 1  

Front -Pane l  
S ta tus  I nd i ca to r  

(Laser  Ac t i ve )  + 5.1V 

Fiber  

â€ ”  S2  

Remote  I n te r l ock  
C o n n e c t o r  

(Rear  Panel )  

Safety  
Fail 

M i c r o p r o c e s s o r  

Fig. damage This laser safety and protection circuit prevents laser damage caused by overdriving 
the laser .  I t  a lso shuts of f  the l ight  output  when no opt ica l  f iber  is  connected.  

modulation-, and polarization-independent splitting ratio. 
For instance, the beamsplitter has an angle of less than 10Â° 
with respect to the optical axis to avoid polarization-depen 
dent splitting. This is necessary because the ratio between 
parallel and orthogonal polarization of the laser varies with 
the modulation of the laser diode. 

Coherence of the emitted light power is another problem, 
since it causes multiple interference within the beamsplit 
ter plate, which can be disastrous, especially in the weak 
reflected beam. A special form and coating of the beamsplit 
ter plate are needed to overcome these problems. 

Behind this first beamsplitter is the continuous optical 
attenuator. It consists of a glass substrate with a metallic 
coating whose optical density increases continuously up 
to 20 dB over the angle of revolution (see Fig. 17). Here 
again, a special form and coating help to get rid of undesired 
multiple reflections which otherwise would cause slight 
nonlinearities over the laser modulation range. The driving 
element is a miniature dc motor with a tachogenerator and 
gearbox reduction. A second beamsplitter, identical to the 
first, and a second photodiode sense the attenuation, and 
together with the tachogenerator's signal, control the exact 

position and thus the optical density of the attenuator. 
The next element in the optical path is the step at 

tenuator, which is driven by a step motor and has four 
positions. A metal wheel with three drilled holes carries 
four fixed attenuator plates (see Fig. 18). In the first posi 
tion, no filters are in the light path; this is the 0-dB range. 
In the second and third positions, two 10-dB or 20-dB 
filters, respectively, are moved into the optical path. The 
filters in each pair are slightly tilted with respect to each 
other to avoid beam deflections and suppress multiple in 
terferences. The fourth position has no hole, and therefore 
completely interrupts the beam (DISABLE position). 

This fourth or reference position is sensed by a small 
magnet on the filter wheel, which sits opposite a Hall-effect 
sensor. This magnetic sensing of the position was chosen 
over an easier optical sensing because of the very high 
attenuation of this filter. It also allows complete shielding 
of the optical path. 

After this coarse attenuator, the main beam meets the 
launching lens, which focuses the beam onto the end of 
the output fiber. To account for mechanical tolerances and 
variations in the focal length of the lens, this lens can be 

(cont inued on page 18)  
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Heat Sink 
for  Laser  Head 

Step Attenuator  
Photodiode for  

Attenuator Control  

Photodiode for  
Laser Control  

Fiber End 

Fig.  16.  Cross sect ion o f  the opt ica l  bench.  

F ig.  17.  Cont inuously  var iab le at tenuator  d isc (0-20 dB).  Fig.  18.  Step at tenuator  assembly (0,  20,  or  40 dB or  *=; .  

Safety Switches 
Front Panel 

Laser Disabled 

External Fiber 
Optic Connector 

Laser Enabled 

Removable for 
Cleaning 

Fig.  1 9.  Cleanable f iber opt ic out 
put connector with safety switches. 
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(cont inued f rom page 16)  

slightly adjusted back and forth. The fiber end is held in 
a precision hard metal bushing and can be adjusted in the 
two directions orthogonal to the optical axis. This must be 
done very precisely and consistently since the focus spot 
is only 35 fj.m in diameter on the 50-^.m core of the fiber. 

The glass fiber between the end of the optical bench and 
the instrument's output is one meter long and contains an 
additional mode scrambler and stripper to achieve, together 
with the 70% launching condition, a good approximation 
of the desired steady-state equilibrium mode distribution. 

The optical output has a safety interlock that prevents 
any laser light output with no cable connected (see Fig. 
19). Two microswitches must be activated by a pressure 
plate and two tension-guided pins to switch on the laser 
diode. 

To reduce optical losses, all lenses are antiref lection- 
coated. The holes for the optical beams have absorbing 
surfaces to avoid stray light. 

The housing of the optoblock is manufactured as an 

aluminum extrusion because of the complicated outer con 
tours. The finish is done on automatic machines with ac 
curacies better than 0.05 mm. 

To evaluate thermal expansions, the optical bench was 
simulated by finite element analysis. The analysis showed 
excellent stability, which has been verified in production. 
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A Versatile, Programmable Optical Pulse 
Power Meter 
by Werner  Berkel ,  Hans Huning,  Volker  Eber le ,  Josef  Becker ,  Bernd Maisenbacher ,  
Wi l f r ied Pless,  and Michael  Coder 

THE HP 8151A OPTICAL PULSE POWER METER 
(Fig. 1), together with the HP 81511A Optical Head, 
is a general-purpose fully programmable optical 

response measuring instrument suitable for the wavelength 
range of 550 to 950 nm. With the HP 81512A/B Optical 
Head, the HP 8151 A's wavelength range is 950 to 1750 nm. 

The HP 8151A can measure the peak (high and low 
levels) or the average power of optical signals. The upper 
and lower levels of optical signals are measured and dis 
played directly without the need to derive such values 
from average power and a known duty cycle. 

The ability to determine peak levels and associated pa 
rameters such as amplitude or extinction ratio is useful for 
testing digital fiber optic systems or characterizing fiber 
optic components. Direct parametric measurements of 
level-related data, such as extinction ratio, threshold, or 
flatness, are possible. 

The HP 8151 A measures optical power levels over a large 
bandwidth from dc to 250 MHz within a measurement 
range of + 10 dBm to - 20 dBm (optical). For greater sen 
sitivity, down to â€” 60 dBm, bandwidth is reduced to 4 kHz. 

The optical pulse power meter incorporates an optical-to- 
electrical transducer that gives an electrical output signal 
corresponding to the optical input waveform. This signal 
can be displayed on an oscilloscope or applied to other 

electronic equipment. By means of the transducer, various 
other parameters besides power levels, such as transition 
time, signal degradation, pulse width, and flatness can be 
measured. 

The Optical  Head 
To allow for possible future applications of the HP 8151 A 

Optical Pulse Power Meter under different optical condi 
tions â€” a different wavelength range, for example â€” the op- 
tical-to-electrical transducer is housed in an optical head, 
which is connected to the HP 8151A by an interface cable. 
The optical heads currently available, the HP 81511A (Fig. 
2) and the HP 81512A/B, operate over wavelength ranges 
of 550 to 950 nm and 950 to 1750 nm, respectively. Future 
optical heads may have different optical capabilities, but 
will use the same interconnections with the main unit. 

To make this possible, the interconnections had to be 
well-defined, not changeable, and applicable to all types 
of optical heads. The head had to be given some intelligence 
for handshaking with the main unit. This is done by five 
control lines. Three control lines are driven by the HP 
8151A and give operating instructions to the head for de 
termination of the measurement range, selection of average 
or peak measurement, and activation of a shutter for the 
zero function. 
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F i g .  1 .  T h e  H P  8 1  5 1  A  O p t i c a l  
Pulse Power Meter (left) measures 
a n d  d i s p l a y s  p e a k  a n d  a v e r a g e  
opt ica l  input  power  leve ls .  I t  has  
a bandwidth o f  dc to  250 MHz for  
o p t i c a l  p o w e r  b e t w e e n  - 2 0  d B m  
and + 10 dBm. I ts  opt ical - to-elec-  
t r i ca l  t ransducer  is  in  a  separa te  
opt ica l  head ( r ight )  connected by 
a cable to the mainframe. 

The head responds on the remaining two control lines: 
telling the HP 8151A the availability of a shutter and 
whether to add a x 10 amplifier to the signal path in the 
main unit, and reporting the status of the head â€” what type 
of amplifier is in use (high-speed or sensitive), whether 
the motor is active, or if a measurement range has been 

selected that the head is not capable of. 
The interface cable also contains the power supply lines. 

One of these is for biasing the pin photodiode with up to 
200V of bias voltage. Four more lines are for temperature 
control, including a separate ground to avoid affecting the 
signal ground. 

O P T I C A L  H E A D  2 5 0 M H z  

C A L  W A V E L E N G T H  C A L f B R A T l O N  B A N D W I D T H  i P t  . " . -  

\ 
5-50 BOO 650 700 750 800 850 Â«00 950 

F i g .  2 .  T h e  H P  8 1  5 1 1  A  O p t i c a l  
Head operates over a wavelength 
range  o f  550  nm to  950  nm.  The  
H P  8 1 5 1 2 A / B  ( n o t  s h o w n )  o p e r  
a tes  ove r  a  wave leng th  range  o f  
950 to 1750 nm. 
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600! I 

o â€” o  r  
/ Â ¡ d  Â ¡ T o  H P 8 1 5 1 A  

V 

Range 
and Error 
Indicator 

Fig. path power HP 81 511 A Optical Head has a wideband, dc-to-250-MHz path for optical power 
b e t w e e n  - 1 0  d B m  a n d  + 1 0  d B m ,  a n d  a  v e r y  s e n s i t i v e ,  n a r r o w b a n d ,  d c - t o - 4 - k H z  p a t h  f o r  

op t i ca l  power  down  to  -  60  dBm.  

Two-Path  Concept  
It was found that a two-path design was the best solution 

for the optical head (see Fig. 3). Depending on the selected 
measurement range and on the measured signal parameter, 
either a very sensitive bandwidth-limited amplifier or a 
high-speed wideband amplifier is switched on. 

In the HP 81511A, for example, the sensitive path con 
sists of a transimpedance amplifier with switchable trans- 

impedances up to 100 Mil followed by a voltage amplifier 
with switchable gains up to a factor of 100. For this operat 
ing mode the diode is zero-biased, so dark current and 
noise are held to a minimum. This signal path allows mea 
surements of signals in the pW range up to an optical power 
of 10 mW. The bandwidth is limited to 4 kHz, 6 kHz, or 
10 kHz, depending on the measurement range. 

Measurements of light signals modulated with up to 250 

+40V 

X _ Â ¿    Â ± _ 7  

V ( | ns ide  V  
Â »  l n * n r f n Â » n  *  

son 

-12V 

F ig .  4 .  The  w ideband  t rans imped 
ance ampl i f ier  in  the opt ica l  head 
i s  fas t ,  o f f se t  compensa ted ,  and  
dc  coup led.  
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F lex ib le  Gum R ing  

Special Fitt ing for Each 
Connector  Type 

Fiber Optic Connector 

Fiber Optic Cable 

Z-Drive 
Screw 

Aspherical  Lenses 

pin Photodiode in 
TO-18 Package 

F i g .  5 .  T h e  H P  8 1 5 1 1  A  O p t i c a l  
H e a d  a c c o m m o d a t e s  d i f f e r e n t  
types of  f iber  opt ic  connectors by 
u s i n g  a  s p e c i a l  f i t t i n g  f o r  e a c h  
connector type. The sl ide carrying 
t h e  f i t t i n g  i s  a d j u s t a b l e  w i t h  r e  
spect to the focal point of the lens 
system ins ide the head.  

MHz need to reverse-bias the pin diode for more speed, 
and the transimpedance amplifier needs higher-speed per 
formance. For this kind of application, the high-speed path 
is used. In the wideband amplifier in this path, the trans- 
impedance is small and not switchable. The basic schema 
tic is shown in Fig. 4. 

The pin diode's photocurrent flows through a current 
mirror, and the mirrored current IP goes to the reference 
resistor used for adjusting the dc gain. The output of the 
amplifier is sensed and compared with the reference volt 
age to compensate for any output offset caused by drift of 
the base current of Ql, which would affect the photodiode 
current IP flowing through RT. 

This transimpedance amplifier is very fast, offset com 

pensated, and dc coupled, with no discontinuity between 
dc and ac gain. However, its sensitivity is limited by noise 
because of its high bandwidth. It is used in the ranges from 
- 10 dBm to + 10 dBm full scale. 

Optical Interfacing 
Fiber optic connectors are not yet standardized. Some 

people want to measure with the bare fiber without any 
connector. There are also different fiber types in terms of 
core diameter and numerical aperture. 

The optical interface of the optical head accommodates 
these variables by using different fiber adapters (see Fig. 
5). The fiber connector attaches to a fitting which is a spe 
cial part for each type of connector. This fitting is precisely 

Signal Input 
from Optical  Head 

Wideband 
Amplif ier 

Wideband Ampli f ier  
DC to 300 MHz Transducer  

Output 

LF Buffer 
Amplifier 

DC to 100 kHz 

Low-Level 
Peak 

Detector 

Bidirectional Analog 
Interface to Optical Head 

To A-to-D Converter  

F ig .  Me te r  a  t he  op t i ca l  head ,  t he  HP  8151  A  Op t i ca l  Pu l se  Power  Me te r  has  two  pa ths ,  a  
w ideband pa th  and a  h igh-sens i t i v i t y  pa th .  Peak  de tec to rs  measure  the  h igh  and low s igna l  

levels ,  and an 8-Hz low-pass f i l ter  produces an average s ignal .  
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+v 

Input 

SOU 

-v 

v 
Output 

F i g .  7 .  O n e  o f  t h e  t w o  i d e n t i c a l  
6 -dB  (x4 )  amp l i f i e rs  i n  the  h igh -  
frequency path of the optical pulse 
power  meter .  

positioned on a high-precision mechanical slide, which is 
mounted on a slide guide on the front of the head. A Z-axis 
drive screw adjusts the end of the fiber to the focal point 
of the lens system inside the HP 81 511 A and the HP 
81512A. In the HP 81512B, which has a 100-/am-diameter 
GalnAs pin photodiode, an XYZ drive is used for focusing. 

The lens system consists of two aspherical lenses and 
allows the use of fibers up to a numerical aperture of 0.4. 
The second lens focuses the light beam onto the surface of 
the photodiode. The magnification of the lens system is 
set to unity to allow fiber core diameters from 50 /am to 
200 /am, depending on the type of head. 

For bare fiber applications a special adapter (slide) is 

Output 

RF Â«  RG 

F ig .  8 .  To  con t ro l  t he  l ow- f requency  ga in  o f  t he  6 -dB  w ide  
band ampl i f iers ,  operat ional  ampl i f ier  OPI  is  added.  Low-f re 
quency gain is determined by the ratio RHIRG. Current source 
I3 is  adjusted to compensate for  system of fsets.  

used. The bare fiber fits into a V-groove and is held lightly 
there, while mechanical stress is reduced by a clamp press 
ing on the fiber's jacket. 

Inside the head and between the two lenses, the light 
rays are parallel, and an optical attenuator can be inserted 
here if there is more than 1 mW of light power. A reflection- 
type optical filter is fixed on a slide driven by a dc motor. 
In the HP 81511A, the slide has three possible positions: 
completely open, 10-dB attenuator applied, and completely 
closed. The first position is used for all ranges but the + 10 
dBm range. On the +10-dBm range, where signals up to 
10 mW can be measured, the 10-dB attenuator is automat 
ically inserted by moving the filter slide to its second po 
sition. The third position totally interrupts the light ray so 
the photodiode does not receive any light. This is necessary 
for zeroing the system. 

The position of the slide is continuously sensed by a 
potentiometer driven by the slide itself. Thus, each unde- 
sired movement of the slide â€” for instance, the result of a 
mechanical shock, or incorrect positioning after turning 
the system on â€” will be realized and corrected. 

The key features of the three optical heads are compared 
in the table below. 

HP81511A HP81512A HP81512B 

Wavelength (nm) 
Detector type 
Maximum fiber core 

diameter (/urn) 
Power range (dBm) 
Bandwidth (MHz) 

550-950 
Si 

200 
+ 10 to  -60 

250 

950-1750 
GalnAs 

200 
0  t o  - 5 0  

150 

950-1750 
GalnAs 

55 
0 to - 60 

250 

Power Meter  Design 
In the HP 8151A Optical Power Meter, the signal from 

the optical head is directed to one of two paths (Fig. 6). 
Depending on the measurement range, either the wideband 
path (10 mW to 100 /u,W) or the narrowband, high-sensitiv 
ity path (lower than 100 fiW) is activated. The wideband 
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x 10 amplifier is inserted in the 100-/*W range only. In 
applications where test requirements call for reduced 
noise, a 50-MHz, 6-MHz, or 10-kHz low-pass filter can be 
activated. 

In the wideband path, after the low-pass filter, the signal 
is divided in two and buffered for the transducer output 
and the high-frequency peak detector (described later). 

The sensitive path is activated in the lower power ranges 
and in average mode. The signal from this path goes to a 
low-pass filter which produces an average signal, to the 
high-level and low-level peak detectors, and to a buffer 
amplifier for the transducer output. 

Wideband Pulse Ampl i f iers 
The HP 81511A Optical Head (for example) supplies the 

HP 8151A Optical Pulse Power Meter with an RF signal of 
250 mV amplitude in the upper three ranges (- 10 dBm to 
+ 10 dBm). This signal forms the input to two identical 
6-dB (X4) amplifiers. One of these drives the high-fre 
quency peak detector and the other drives the analog output 
of the transducer. This ensures that the output load resis- 
"On the signal 10 dBm range, the HP 8151 A switches in a x 10 amplif ier to boost the signal 
to this level. 

tance doesn't affect the peak measurement. 
As shown in Fig. 7, each of these 6-dB amplifiers consists 

principally of two differential amplifiers, Dl and D2. Dl 
is driven by the constant current ^ (50 mA) and has an 
open-loop amplification factor of 50. The high-frequency 
gain of this stage is reduced by RA and CA, the cutoff fre 
quency being primarily determined by the time constant 
of RA and CA. Two input emitter followers raise the input 
resistance by the current gain factor ft. 

The collector potential of transistor pair Q^ controls the 
second-stage differential amplifier D2, which consists of 
transistor pair Qg, which is driven by the constant current 
source I2 (125 mA). This stage is asymmetrical because the 
output voltage is proportional to the light power, which is 
always positive. The open-loop gain is about 200. The out 
put signal is fed back via RD to the complementary input 
of Dl. The resistance ratio of RD/RC determines the closed- 
loop gain of this amplifier. 

To control the low-frequency gain, an operational 
amplifier OPI is added (see Fig. 8). The low-frequency gain 
is determined by the ratio RH/Rc- It is possible to compen 
sate for the offset voltages of the system by adjusting the 
current source I3. 

LF  S igna l  
f r o m  F i l t e r  H F  S i g n a l  f r o m  

B l o c k  x  4  A m p l i f i e r  

T o  H F  A m p l i f i e r s  _  
a n d  F i l t e r s  M Â ¡ c r o .  

O f f s e t  R e l a y s  p r o c e s s o r  

M e a s u r e m e n t  U n i t  

A D C  A n a l o g - t o - D i g i t a l  C o n v e r t e r  
D A C  D i g i t a l - t o - A n a l o g  C o n v e r t e r  

Fig. Meter filters, the measurement unit of the HP 8151 A Optical Pulse Power Meter are the filters, 
peak detectors,  d ig i ta l - to-analog conver ters,  and analog- to-d ig/ ta l  conver ters that  per form a l l  

o f  the analog and d ig i ta l  s ignal  processing in  the inst rument .  
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D 4  '  4 6 . 4 Ã I  1 5 4 U  
L 

- 5 V  
Reset 

F i g .  1 0 .  S c h e m a t i c  d i a g r a m  o f  
t h e  a n a l o g  p e a k  r e a d e r  t h a t  d e  
tects the high peak level in the low- 
frequency path of the HP 81 51 A. 
For the low peak reader, all diodes 
are reversed. 

For good flatness, care had to be taken to equalize critical 
time constants. Also important are a optimal layout and 
the use of chip components for RA, Rc, and CA. Several 
adjustment points are necessary to compensate component 
tolerances for optimal pulse performance. The typical 3-dB 
corner frequency of this amplifier is 320 MHz. 

Measurement  Unit  
The measurement unit is the interface between the opti 

cal head and the microprocessor. It performs all analog and 
hybrid signal processing in the HP 8151A. 

As the signal flow diagram (Fig. 9) shows, there are two 
inputs, LF and HF. Signals originating from the optical head 
on a high-sensitivity range, having limited bandwidth, are 
routed directly to the LF input. The maximum allowable 
bandwidth here is 100 kHz. The corner frequency can be 
switched to 10 kHz by switch S2 to limit detector noise 
interference at very low light levels. The signal format is 
0 to 2V for 100% of range, from a low-impedance source 
to a high-impedance input. Dark offset, drift, and peak 
noise of Â±20% will be accepted without causing an over 
load condition. 

On the broadband ranges, the optical head delivers small 
er amplitudes of 250 mV or 25 mV for full scale. These 
signals are amplified 4 or 40 times, respectively, in the 
wideband amplifiers described earlier, before they arrive 
at the HF input. The signal format here is then uniformly 
0 to IV, from 50ÃÃ into 50O, again with Â±20% offset and 
peak noise tolerance. 

Outputs from the measurement unit consist of digitized 

information concerning high power level, low power level, 
and average level. Amplitude, mesial, and extinction val 
ues are calculated from the high and low power levels by 
the microprocessor. 

All control signals for the high-frequency circuits (rang 
ing relays and offset correction) and the optical heads 
(selection of amplifier, attenuator, shutter, and range) are 
decoded or generated in the measurement unit. The optical 
head identification and operating state signals to the HP 
8151A mainframe are also digitized here. 

Averager  and Low-Frequency Transducer  
Because the low-frequency detector electronics in the 

optical head covers the full dynamic range with the best 
accuracy, information on the signal average is derived from 
this path in all power ranges. To compensate for dark cur 
rent and other electronic offsets, a dc current is introduced 
in the 10-kHz/lOO-kHz low-pass/buffer stage (Fig. 9) while 
the detector is held at a dark condition by the motor-driven 
shutter described earlier. 

The signal is then branched to the averager, the low-fre 
quency peak detectors, and a current booster (low-fre 
quency buffer), which provides a low-distortion 50ÃÃ trans 
ducer output. 

The averager is a four-pole Bessel filter with x 5 dc 
amplification to match the 10V input scale of the analog-to- 
digital converter (ADC). Features of the averager include 
the ability to follow signal frequencies up to the maximum 
refresh rate (4 Hz), suppression of ac signals of 50 Hz and 
higher by 60 dB or more, and the ability to provide a flicker- 

HP Signal  In  v  
(50ÃÃ Source) r 

Comparison 
(Step) Voltage 
-0 .5  to  1 .547V  

Digital-to-Analog 
Converter 

Microprocessor 
-5V 

Fig.  1 1 .  High-frequency peak de 
tec tor  c i rcu i t .  Th is  c i rcu i t  can de 
tect  pulses as narrow as 4ns at  a 
repet i t ion rate as low as 200 Hz.  
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M S B  M S B  M S B  
M S B  - 1  - 2  - 3  

Opt ica l  
S ignal  

High 
Level  

T i m e  

M S B  M S B  M S B  M S B  
- 1  - 2  - 3  

Fig.  1  2 .  Us ing the h igh- f requency peak detector ,  the micro 
p rocesso r  execu tes  an  a lgo r i t hm s im i l a r  t o  success i ve  ap  
proximat ion to f ind the highest  and lowest peaks of  the input  
signal. 

free display of the average value, even with signals swing 
ing from zero to full scale. The average signal is monitored 
by a meter on the front panel. 

Low-Frequency Peak Detectors 
The high peak level and the low peak level of LF signals 

are determined by analog peak readers. These are track-and- 
hold circuits with some refinements to raise their frequency 
limits (50% cutoff) to beyond 100 kHz. The stored peak 
values are amplified five times before analog-to-digital con 
version. 

The high peak reader circuit is shown in Fig. 10. For the 
low peak reader, all diodes are reversed. Clamping diode 
Dl prevents saturation of operational amplifier Al during 
the hold phase; this eliminates storage delay. D2, D3, and 
Rl limit the charging current of the hold capacitor C in the 
track phases, again preventing overdrive of Al. Stability 
of the feedback loop around Al and A2 is improved by R2 
for smooth, fast tracking. Droop is minimized by appro 
priate guarding and by D5, a low-leakage diode like D4, 
which isolates the analog reset switch S from the hold 
capacitor C. 

High -F requency  Peak  De tec to r  
This circuit (see Fig. 11) is activated in the broadband 

power ranges. - 10 dBm to +10 dBm. It is able to detect 
pulses with 4-nanosecond minimum pulse width at a 
minimum repetition rate of 200 Hz. This means a duty 
cycle of 1:1,250,000 or, on the other hand, a maximum 
frequency of about 100 MHz at 1:1 duty cycle. 

The signal arriving at the HF input is routed to a high 
speed comparator (Fig. 11). The comparator compares the 
input signal with a reference voltage produced by a digital- 
to-analog converter (ADC) driven by the microprocessor. 
The comparator has complementary ECL outputs. A trans 
ition in the states of these outputs occurs if the input signal 
crosses the reference level in either direction during the 
comparison time. Depending on the direction of the trans 
ition, one of two D-type positive-edge-triggered flip-flops 
will be set. The outputs of these flip-flops are wire-ORed. 
Their combined output tells the microprocessor whether 
or not a comparator transition occurred during application 
of a given comparison voltage. If two or more transitions 
occur, only the first affects the output. The flip-flops and 
the DAC are reset before a new comparison voltage is 
applied. The speed of this circuit is limited only by the 
combination of the comparator and the flip-flop. 

The microprocessor executes an algorithm similar to suc 
cessive approximation to find the highest and lowest peak 
levels of the input signal (see Fig. 12). The difference be 
tween this algorithm and successive approximation is the 
short reset between each bit approximation. These resets 
generate the transitions needed for the edge-triggered flip- 
flops to detect a dc input signal. 

Like the successive approximation method, this al 
gorithm has a constant conversion time. For estimation of 
each bit of the 12-bit DAC, 5 ms is allowed. Thus the 
minimum input signal repetition frequency is 200 Hz. A 
complete peak measurement takes 12x5 = 60 ms, and to 
measure both the high and the low peak levels takes 120 
ms. The high and low peak levels include noise and other 
disturbances on the input signal. To eliminate these effects, 
a self-calibration routine is provided to subtract the noise 
from the signal. The high-frequency peak detector is also 
used to check signal peak levels for autoranging and over- 
load/overrange. 

Analog-to-Digitai  Conversion 
For output from the measurement unit to the data bus, 

the signal from analog multiplexer S6 in Fig. 9 is digitized 
linearly with steps of one half of a display unit. To ensure 
adequate resolution in logarithmic display modes (dBm 
and dB), a x 4 preamplifier stage is automatically inserted 
whenever the signal level falls below 21% of range. This 
stage is bypassed again when the signal rises above 25% 
of range. 

In addition to measuring the average and LF peak signals, 
the measurement unit ADC and multiplexer are used to 
read the operating state of the optical head, which is coded 
in two voltages. In addition, some critical reference and 
signal voltages are checked in a self-test routine during 
automatic zero-adjust phases. 

Microprocessor Functions 
The HP 8151A uses a microprocessor to perform various 

functions. Among these are: 
â€¢ Controlling various measurement sequences 
â€¢ Performing numerous calculations and corrections (e.g., 

power level calculations and noise correction) 
â€¢ Providing internal self-test 
â€¢ Performing a self-calibration routine, which eliminates 

offset voltages on signal paths and determines noise 
amplitude for level correction 

â€¢ Monitoring the optical head interface 
â€¢ Controlling the HP-IB interface. 

Parameter  Computat ions 
The microprocessor calculates optical power levels in 

dBm, dB, and watts, taking 'nto account the reference level 
and the calibration factor. From the high power level (HPL) 
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and the low power level (LPL) measured by the peak detec 
tors,  i t  computes amplitude (AMP), mesial power level 
(MPL), and extinction ratio (EXR), as follows: 

A M P  = =  H P L - L P L  
M P L  : =  ( H P L  +  L P L J / 2  
E X R  =  H P L / L P L  

Calibration factor (CAL) and reference level (REF) are taken 
into account as follows: 

PD = displayed power 
PI = input power in watts 

PD(watts) = i0[<1Â°1Â°sp|-CAL(dBÂ»/1Â°) 
PD(dBm) = 10 log (PI/1 mW) - CAL (dB) 
PD (dB) = 10 log (PI/1 mW) - CAL(dB) -REF(dBm) 

On each measurement cycle, the HP 8151A measures 
HPL and LPL, computes AMP, MPL, and EXR, converts all 
power levels to dBm and dB, and displays the results. To 
achieve an acceptable display refresh rate of 3 Hz, a table- 
driven linear-to-logarithmic conversion is used. Converting 
one parameter from watts to dBm and dB takes approxi 
mately 7 milliseconds. The total computation time for all 
five parameters is about 50 ms. 

Self-Calibration 
Offsets of buffers, amplifiers, and active filters and noise 

contributions of active and passive elements of the optical 
head, the RF board, and the measurement unit board cause 
erroneous power readings. The self-calibration routine, ac 

tivated by the ZERO key or by HP-IB command, reduces 
these effects. Because noise and offsets are heavily depen 
dent on the transducer path and the power range, the cali 
bration routine determines noise and offset corrections for 
each range and path. A change of range, transducer, or 
filter causes a software routine to pick the corresponding 
correction values from a buffer, apply the offset value to 
an offset DAC, and provide the noise correction value to 
be added to the measured low power level or subtracted 
from the measured high power level. 

When the self-calibration routine is initiated, the shutter 
in the optical head moves into its disable position so that 
incident light is blocked and the only signals remaining in 
the system are caused by offsets and noise. 

In general, offsets are measured using a 6-Hz low-pass 
filter and an ADC. The result is applied to the offset DAC 
and the process is repeated. This continues (see Fig. 13) 
until the remaining offset is less than a preset value, and 
then the resulting correction value is stored in a matrix 
buffer. If the remaining offset is not within the preset limit 
after a certain number of steps, or if it is larger than a fixed 
voltage, an error message is generated. 

System noise is measured using the peak detectors with 
the optical input disabled. As shown in Fig. 14, the high 
power level of a measured signal with noise superimposed 
is too high by one half the noise amplitude, while the low 
power level is too low by the same amount, assuming that 
the system noise is signal-independent white noise. The 
self-calibration routine measures the high and low peak 
levels of the noise and stores a value equal to one half the 
difference between them in the matrix buffer as the correc 
tion value for the range, transducer path, and filter in use. 

Step  Counter  =  C  

Offset Correction 
V a l u e  =  0  

Apply Correction 
Value to D-to-A 

Converter 

, No 

Decrement Step 
Counter 

Display Error 
Message 

No 

Read Offset  Value 

Generate New 
Correction Value 

Self-Test 
The self-test package is valuable in production and ser 

vice support, where it speeds up troubleshooting. The self- 
test always runs when the instrument is turned on or when 
the command EST (execute self-test) is received via the 
HP-IB; no keyboard operations are required. The self-test 
routine tests the keyboard, RAM, DACs, ADCs, peak detec 
tors, averager, and signal/measurement paths. If any test 
fails, an error code in the display indicates which part is 
defective. If the RAM test fails, the test program goes into 
an endless loop. 

Testing the signal/measurement paths is easy because 
there are relays to isolate these paths from the incoming 
signal. After this is done, the offset DAC at the input ampli 
fier is used as a signal source. This signal has to be measured 
correctly by the measurement circuits to pass the test. 

Noise Ampli tude 

Ã̈ 

y ^  j W M u f r  Ã N Q i s e A n  

I J ^ V ^  t y J i h f l J  Ã   N o i s e  A m p l i t u d e  

Time 

Fig.  13.  F low chart  of  the of fset  determinat ion rout ine.  F ig .  14.  Opt ica l  input  s igna l  d is turbed by no ise.  
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An Optical  Receiver  for  550 to 950 nm 
This versat i le  f ront  end expands the measurement  
capabil i t ies of electronic test equipment into the f iberoptic 
domain. 

by Michael  F le ischer-Reumann,  Emmerich Mul ler ,  and Gerd Koffmane 

THE MINIMUM INSTRUMENTATION necessary to 
begin making measurements in the fiber optic do 
main is an optical-to-electrical transducer, since 

once the optical signal is converted to an electrical signal, 
measurement equipment for nearly every parameter or ap 
plication is available. The HP 8151A Optical Pulse Power 
Meter described in the article on page 18 contains such a 
transducer, along with specialized measurement circuitry. 
In parallel with the HP 8151A, a stand-alone transducer 
with enhanced performance, the HP 81519A Optical Re 
ceiver (Fig. 1), was developed for those who want only this 

F i g .  1 .  T h e  H P  8 1 5 1 9 A  O p t i c a l  R e c e i v e r  c o n v e r t s  o p t i c a l  
power to electr ical  s ignals with a cal ibrated conversion factor 
o f  -  1V/mW. I t  operates over  an opt ica l  wavelength range of  
550 nm to  950 nm and has  an  e lec t r i ca l  bandwid th  o f  dc  to  
400 MHz. 

capability. The HP 81519A has a calibrated conversion gain 
of â€” iV/mW, which means that a combination of the HP 
81519A and a simple voltmeter allows one to do dc or 
average optical power measurements with an accuracy of 
Â±0.3 dB (optical) over a temperature range of 0 to 55Â°C. 

For high-frequency or pulse performance measurements, 
the HP 81519A provides a 400-MHz bandwidth for optical- 
to-electrical conversion and a 1.1-ns intrinsic pulse tran 
sition time. Good pulse performance goes along with these 
specifications, so the HP 81519A is also suitable for analog 
measurements in which a flat frequency response is re 
quired or where the pulse shape contains the signal infor 
mation and not only its digital high and low levels. 

The HP 81519A is also recommended for measurements 
with network analyzers, and because of its low harmonic 
distortion, with spectrum analyzers. Input offset compen 
sation provides a convenient way to adapt the HP 81519A's 
operating range to the optical input conditions. Network 
and spectrum analyzers sometimes require a de-free input 
signal, whereas the optical signal always consists of an 
optical power offset and ac modulation. With offset com 
pensation, optical input power offsets ranging from 0 mW 
to 1 mW can be set to 0V output voltage. In addition, this 
compensation expands the input power range from 1 mW 
of optical amplitude to a maximum power level of 1.5 mW, 
as shown in Fig. 2. 

+0.5- 1 

o >  

Q. 

O  

- 0 . 5 -  

0 . 5   1 . 0  

I npu t  Power  (mW)  

CCW CW 
V e r n i e r  P o s i t i o n  o f  O f f s e t  C o m p e n s a t i o n  

Fig .  2 .  Of fse i  compensat ion  a l lows  ad jus tment  o f  the  inpu t  
power  that  produces a 0V output .  
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+  H V  

Current Mirror 

input of a high-frequency amplifier, so that the photocur- 
rent iHF is converted via Rt to the voltage 

Fig.  3.  The opt ical - to-e lectr ical  t ransducer uses a p in photo-  
d iode working into a t ransimpedance ampl i f ier .  The ampl i f ier  
has two paths,  one for  h igh f requencies and one for  low.  

An advantage of the new optical receiver is its low noise 
level. The equivalent noise input power is less than 700 
nW at the full signal bandwidth of 400 MHz. This means 
that even small signals can be detected. 

Spl i tband Design Approach 
For use as a measurement instrument, the optical-to-elec 

trical transducer had to fulfill many different requirements: 
â€¢ High frequency range 
â€¢ Stable transducer gain with time, temperature, and com 

ponent variations 
â€¢ Low distortion 
â€¢ Low noise. 
To meet these goals, a pin diode working into a transimped 
ance amplifier was chosen as the best compromise. The 
block diagram is shown in Fig. 3. The amplifier has two 
paths, one for high frequencies and one for low. This split- 
band design achieves both high speed and low drift. 

The anode of the pin diode is connected to the inverting 

Va = - iHFRi (1) 

A second signal path only for low frequencies achieves 
low temperature drift and is formed by the current mirror 
and the low-frequency amplifier. The current mirror 
supplies the pin diode with reverse voltage ( + HV) and 
applies the low-frequency component of the converted op 
tical signal to the second conversion resistor R2, where 
high-frequency and low-frequency conversion are adjusted 
to match. With this resistor connected to the high-fre 
quency amplifier's output, the voltage at the noninverting 
input of the low-frequency amplifier is 

(2) 

Va consists not only of the value given by equation (1), but 
also an error voltage Verr caused by drift or other nonideal 
characteristics of the high-frequency amplifier. Therefore, 

( 3 )  

Taking the low-pass filter RCj into account, we can see 
that the low-frequency amplifier compares Vp to the refer 
ence voltage Vref at its inverting input and injects a correct 
ing current via R3 into the inverting input of the high-fre 
quency amplifier. It also supplies the bias current for the 
high-frequency amplifier's input stage. The input offset 
compensation described above is performed by varying the 
reference voltage Vref. 

High-Frequency Feedback Ampli f ier  
The high-frequency amplifier achieves both stable gain 

and low distortion. Fig. 4 shows a more detailed schematic. 
This amplifier consists of two stages, a transimpedance 
stage (Ql,Q2) and a postamplifier stage (Q4,Q5,Q6). Two 
emitter followers, Q3 and Q7, provide the necessary current 
gain and decoupling of the stages. 

These circuits are implemented with discrete devices (a 
hybrid circuit or custom 1C would have increased the cost). 
Therefore, achieving good pulse performance required 
careful layout to avoid parasitic capacitances and phase 
shifts. 

For example, in the postamplifier, a bandwidth of 400 

Fig.  4 .  Schemat ic  d iagram of  the 
high-f requency ampl i f ier .  
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Fig. 5. The optical input connector pulls out for easy cleaning, 
as shown in th is  mul t ip le-exposure photograph.  

MHz along with 13-dB voltage gain was achieved, which 
means that unity gain of the amplifier is only about a factor 
of two below the /3- transit frequency of the transistors used. 

Cleanable Optical  Connector 
The optical input connector of the instrument is cleana- 

ble. It is imperative that optical connectors be kept clean 
to maintain performance within the published specifica 
tions. A dirty connector can cause attenuations of 1 dB or 
more. 

To make the cleaning procedure for the optical input 
connector as easy as possible, the connector can be pulled 
out of the front panel (Fig. 5). In the extended position, it 
supports itself automatically. The fiber feedthrough can be 
removed and the fiber end can be cleaned according to the 
instructions in the cleaning kit that is available as an acces 
sory. It is not necessary to use special tools or open the 
instrument. 
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Optical Standards 
by Werner  Berkel  and Joachim Vobis  

AFTER THE SPECIFICATIONS of the HP 8151A Op 
tical Pulse Power Meter and the HP 8150A Optical 
Power Source were fixed, we had to find ways to 

measure the dc accuracy, rise time, and bandwidth of these 
instruments, since suitable instruments were not commer 
cially available. For this purpose we developed two optical 
standards that have higher precision than the HP 8150A 
and HP 8151A. 

The first standard is a high-precision dc optical power 
meter that works at a wavelength of 850 nm. This standard 
is used to calibrate and test the HP 81511A Optical Head 
and the HP 8150A Optical Power Source for dc accuracy. 
It has the quality and accuracy of a secondary standard 
and is traceable to NBS in the U.S.A., PTB in Germany, 
and other national standards laboratories. In production 
and maintenance, it will be recalibrated every six months. 
A similar standard that works at 1300 nm is used to cali 
brate the HP 81512A Optical Head. 

Main Specif icat ions of  the 
Opt ical  Power Meter  Standards 

Radiant 
Power 

2mW 
100/iW 

1/iW 
lOOnW 

10 nW 
InW 

Measured 
in Range 

1V/1 mW 

lV/10/u.W 

IV/lOOnW 

Accuracy Relative to 
Calibration at lOjaW 

Â±1.5% 
Â±1.5% 

Â±1.0% 
Â±1.3% 
Â±1.3% 

Â±2.6% 
Â±2.9% 

In these instruments, a silicon pin diode transforms the 
optical power to an equivalent current. To achieve a stable 
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Fig.  1  .  B lock d iagram of  the opt i  
cal  r ise t ime standard. 

conversion factor, the diode is temperature-controlled to 
within Â±0.1Â°C. An operational amplifier transforms the 
diode current to an output voltage given by 

Vout = IdiodeR 

Depending on the range, the resistor R is switchable in 
three steps. 

Rise Time Standard 
The second optical standard is for rise time measure 

ments. Its main specifications are: 

Wavelength 
CW Power 
Pulse Performance 

High Power Level 
Low Power Level 
Frequency 
Duty Cycle 
Rise Time 

850 nm 
2mW 

ImW 
250 /Â¿W 
10 kHz to 10 MHz 
50% 
Ins (10% to 90%) 

This instrument operates as follows (see Fig. 1). Clock 
circuits generate a square-wave signal, selectable from 1 
kHz to 10 MHz, with 50% duty cycle. A Schmitt trigger, 
together with a 1-GHz-bandwidth amplifier, decreases the 
electrical rise time to 300 ps. The pulses are added to the 

bias current produced by a laser control. A specially 
selected GaAlAs laser diode converts the electrical signal 
into an optical signal. A 400-/Â«n step-index fiber leads the 
back-face laser beam to a pin diode whose current is pro 
portional to the average light power. This current is used 
to regulate the bias current for constant light power. 

The laser's output fiber is furnished with the same output 
connector used in the HP 8150A. Two complementary 
switches furnish the connector state (output unconnected, 
connected to a fiber, or failed) to the safety circuits. If no 
connector is correctly applied or if the remote interlock 
loop is not closed, the laser diode is shorted and the laser 
control is driven to the off state. 

This 850-nm instrument is used to produce and service 
the high-speed path of the HP 8151A Optical Pulse Power 
Meter with the HP 81511A Optical Head. An equivalent 
1300-nm standard was developed to test the HP 8151A 
with the HP 81512A Optical Head. 

Because these standards are safety class 3B products (see 
box, page 8), much care was taken to ensure compliance 
with international safety standards. The safety parts are 
tested by the same procedures as a device that will be sold 
to a customer. 
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f  I  i n  t o o l  d e s i g n ,  b u t  h e  l a t e r  

t *  - * *  p * * 1  |  s w i t c h e d  t o  p r o d u c t  d e -  
 s i g n ,  c o n t r i b u t i n g  t o  t h e  

.  m e c h a n i c a l  d e s i g n  o f  s e v  
era l  p roducts .  Before  jo in  
ing HP, he had been an ap 
prentice at a l ighting equip- 

>  m e n t  f i r m  b e f o r e  a t t e n d i n g  
the Staat l iche Ingenieurschule Gauss in Ber l in 
where he qualif ied as a Feinwerktechnik Ingenieur 
Graduate (mechanical engineer).  Marr ied and the 
father of  two chi ldren, Rainer is interested in 
c inematography,  sk i ing,  and b icyc l ing.  

1  8  â € ”  O p t i c a l  P o w e r  M e t e r    

H a n s  H u n i n g  
Born and raised in Munster 

 in  West fa len,  Hans Huning 
I  studied at  the Rheinisch 
'  West fa l isch Technische 
j  Hochschule a t  Aachen.  

After receiv ing his en- 
I  g ineer ing d ip loma, he 
' joined HP in 1 982 and con 

t r ibuted to the hardware 
des ign o f  the HP 8151A 

Opt ica l  Pulse Power  Meter .  Subsequent ly  he was 
responsible for one of the optical production stan 
dards, an optical source for 1 300 nm wavelength. 
Hans is  marr ied and ded icates  most  o f  h is  spare 
t ime to h is  two-year-o ld son and four-month-o ld 
daughter .  Sky sa i l ing  is  another  o f  h is  major  pas 
times. 

Vo lke r  Ebe r le  
i  Volker Eber le earned his 

Dip lom Ingenieur at  the 
Technische Univers i tat  

. -  in  1975.  He then 
jo ined HP and cont r ibuted 
to the design of  the HP 
8092A Delay Generator. He 
was pro ject  leader  for  the 

|  HP 8080A Conf igurable 
1 -GHz Pulse Generator, for 

the Booster 1C which is used in several instruments, 
and finally for the HP 81 51 1 A Optical Head. Volker 
is married and has two daughters. His leisure ac 
t iv i t ies are gardening, model rai l roading, and play 
ing the accordion.  

J o s e f  B e c k e r  
Jo Becker  jo ined HP to-  

^  w a r d s  t h e  e n d  o f  1 9 7 9 ,  h a v -  
ing previously worked at  
the University of Stuttgart 
as a b iomedica l  engineer .  
He was responsible forthe 
des ign  o f  t he  HP8180A 
Data Generator  output  
ampl i f iers ,  and has now 
moved to  the f iber  opt ics  

group at  HP's Bobl ingen Instruments Div is ion,  
where he is involved in the development of detector 
heads. Jo is married and has three sons. His hob 
b ies inc lude amateur  rad io  and ast ronomy.  

M i c h a e l  C o d e r  
^ _  M i c h a e l  C o d e r  i s  a  n a t i v e  

'  o f  Wese lamRh ine . in i  979  
he received h is  Dip lom 
Elekt ro ingenieur  at  the En 
gineer ing School  in Duis-  
burg.  He jo ined HP in  the 
same yea r  as  an  R&D en  
gineer, working on f iberop- 
tics. He developed the soft- 

/  w a r e  f o r  t h e  H P  8 1  5 1  A  a n d  
is  now work ing on other  f iber  opt ic  products .  
Michael is interested in photography and motorcy 
cles and enjoys downhill skiing. He is married and 
l ives in Bobl ingen. 

B e r n d  M a i s e n b a c h e r  
A native of the Black Forest 
area, Bernd Maisenbacher 
p ined  HP in  1981  a f t e r  re  
ceiving the equivalent of an 
MSEE degree from the Uni 
versity of Stuttgart. He was 
responsible for digi tal  
hardware and sof tware de 
ve lopment  for  pu lse and 

â€¢ data generators, and then 
served as  pro jec t  leader  fo r  HP 8150A/51A so f t  
ware  deve lopment .  He 's  now work ing  on a  new 
f iberopt ic  development project .  Bernd enjoys ten 
n is ,  sk i ing,  dancing,  and co l lect ing s tamps.  

JANUARY 1985  HEWLETT-PACKARD JOURNAL 31  

© Copr. 1949-1998 Hewlett-Packard Co.



Wilfr ied Pless 
Wilfr ied Pless received his 
Dip lom Ingenieur  in  1982 
from the Ruhr Universi tat  
Bochum. He jo ined HP in  
1 983 and his main task has 
been to  develop sof tware 
for the HP 81 51 A. Wilfried 
is a nat ive of the Munster-  
land and now lives in BÃ²b- 
l ingen. His spare t ime is 

f i l led with family activit iesâ€” he's married and has 
two chi ldren. 

Werner Berkel  
Werner Berkel  was born in  
Speyer ,  Federa l  Republ ic  
of Germany. He joined HP's 
BÃ²bl ingen Instruments Di 
v is ion in 1978, contr ibuted 
to  the des ign of  the HP 
81 80A Data Generator, and 
superv ised the des ign of  
the  HP 15413ATr i -S ta te  
Unit and the HP 81 51 4A Tri- 

State Pod. He then moved to the fiber optic group 
and became project  manager tor  the HP 81 51 A/  
81 51 1 A Optical Pulse Power Meter. Werner is mar 
r ied and enjoys music ,  soccer ,  and tab le  tennis .  

2 7  =  O p t i c a l  R e c e i v e r  
Emmerich Mul ler  

Emmerich Mul ler  earned 
his Diplom Ingenieur (FH) 
at  the Engineer ing School  
in Furtwangen (Black 
Forest) .  He joined HP 
shor t ly  thereaf ter  as  a  de 
ve lopment  engineer  and 
contributed to the design of 
a var iety  of  products.  He 
was responsib le for  the 

mechanica l  and opt ica l  deve lopment  o f  the HP 
81 51 9A. Emmerich is married, has a son, and en 
joys cyc l ing and a l l  k inds of  sk i ing.  

Michael  Fleischer-Reumann 
A nat ive of  Essen,  Michael  
Fle ischer-Reumann jo ined 
HP in 1980 af ter  receiv ing 
h is  engineer ing d ip loma 
from the Ruhr University of 
Bochum. After contr ibut ing 

i  to  the hardware design of  
I  the HP 81 12A 50-MHz 

Pulse Generator he worked 
I on custom 1C design and fi 

nally became project leader for the HP 81 51 9A Op 
tical Receiver. Michael lectures in electronics at a 
Stut tgart  col lege. He is marr ied,  is  interested in 
photography,  and l i kes  to  spend h is  spare  t ime 
t rave l ing in  h is  camper  van,  backpack ing,  whi te-  
water  canoeing,  or  p lay ing h is  gui tar .  

Gerd Koffmane 
Gerd Kof fmane earned h is  
Diplom Ingenieur at  the 
University of Stuttgart in 
1983.  He then jo ined HP's 
BÃ²bl ingen Instrument Divi  
s ion as an R&D engineer  
and has cont r ibuted to  the 
des ign o f  the HP 81519A 
Opt ica l  Receiver .  Gerd is  
marr ied and l ikes sai l ing, 

b icyc l ing,  and p lay ing h is  gui tar .  

2 9  =  O p t i c a l  S t a n d a r d s  : = ^ = ^ = ^ Z I Z Z :  

Joachim Vobis  
I  A nat ive of  Heidelberg,  

Joachim Vobis received his 
Dip lom Ingenieur  f rom the 

[ University of Karlsruhe. 
B Joining HP in 1 983, he de- 
â€¢ signed the laser optical 
"1 standard for the HP 81 51 A 

and is now working on fast 
analog c i rcui ts for  f iber 
op t i c  measur ing  ins t ru  

ments. He is married, has a son and two daughters, 
and enjoys swimming. He also teaches courses on 
the Pascal  computer  language.  

Werner Berkel  
Autho r ' s  b iog raphy  appea rs  e l sewhere  i n  t h i s  

section. 
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