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INTRODUCTION

Harris Electronic Systems Division (HESD) has completed a Wideband

Holographic Digital Recorder and Reproduce r development program under the

sponsorship of the Rome Air Development Cente r and the Advanced Research

Projects Agency.

Holographic recording techniques provide the capability of high- rate,

high-capacity recording on single reels with low error- rate readout at both f:,ll-

record and reduced speeds. These features eliminate the problem s associated

with reconstituting bit-to-bit time integrity when multiple-unit recorder systems

are ope rated in pa rallel to obtain high data—rate capability.

An Exploratory Development Model (EDM) holographic recorder/

reproducer was developed and tested unde r this recently completed program.

The following photograph illustrates the EDM as set up in the laboratory at

Harris ESD. Although not intended to be a finished product, the EDM has demon-

strated that optical techniques for high-rate, high capacity dig ital data recording

and playback are viable and sound.

Harris Electronic Systems Division has demonstrated recording and

playback at user-data -rates of 600 Mb/ s using a single film transport with bit-

error- rates bette r than lxl O’6  at effective info rmation packing densities five

time s greate r than those demonstrated by high-speed (e. g., 80 Mb/s) magnetic

tape recorders. Thus, a production version of the EDM would provide the

• recording speed capability of approximately eight 80 Mb/ s tape recorders, but

with all data stored holographically on a single high-density reel of film.

1
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• Playback of the recorded data is readily achieved without the need for phase-

locked multiple transports. Furthermore, it has been demonstrated that play-

back may be conducted at a broad range cf playback speeds (e. g., from full

• I speed to a twenty-fold time expansion), and may be repeated a large number of

times (e. g. • 400) from the same film with little degradation of data integrity.

In addition , continuing technology investigations , desi gn studies and

experimental work at Harris have provided realistic performance objectives

for the present development of a 1 Gigibit Recorder/ Reade r, and the near te rm

development of multi-gigabit systems based on the same technological approach.

• The following table surnmarl*es the demonstrated system pe rformance

of the completed EDM, and the pe rfo rmance of an upg raded system presently

under development at Harris ESD.

Perfo rmance Performance
Demonstrated Objectives of

System Parameter By EDM • Upgraded System

User I/O Data Rate 600 MBPS 900 MBPS

Numberof Channels 128 128

Chatinel Data Rate 6 MEPS 10 MBPS

Recording Medium 35mm, SO- l4l 70mm, SO- 14l

Film Velocity 4 meters/sec 3 meters/sec

Packing Density 0. 8*106 bits/cm 2 1. 5*106 bi ts/cm2

Erro r Rate 10 10

With these demonstrations and the multigigabit technology investigations

and design studies both completed and continuing, Harris Corpo ration Is now in

a position to responsibly reply to requests for wideband digita l recording and

reproduction systems capable of user data rate s up to 2 Gb/s.



The following page s present a brief overview and functional description

of the 600 Mb/s reco rder/ reproducer system developed and demonstrated under

this recently completed program . A short summary follows dealing with the

present and on-going wideband recorder development programs at Harr is t

Electronic Systems Division.

A detailed and thorough descri ption of the various technologies advanced

under the completed development program addressed in this Executive Summary

is included in the Final Technical Report for Contract No. F30602-73-C-0l55 ,

WIDEBAND HOLOGRAPHIC DIGITAL RECORDING AND REPRODUCTION , dated

Novembe r 1976, prepared for the Rome Air Development Cente r, G rif f iss Air

Force Base, New York 13441.

4



~~~~~~- • _“
~~~~~~

,-,- -_•i• ~-~v~rn-w- • ~~~~~~~~~~ —- ~-~~~ -~~~~ - —--—•- —-- -.•— —‘- •- -- .— -- -• • —- .--.------

• 

I

SYSTEM OVERVIEW

• The implementation of the Wideband Holographic Recorder/ Reproducer

Sys tem is a significant extension of fundamental laser line-scanning technology.

• Two pa rticular improvements in the fundamental techni ques make possible the

high- rate, high-capacity data recording and retrieval achieved.

First, the scanner is augmented with a multi-channel, acousto-

optical modulator specifically developed by Harris for this application. With

• this optical-modulator, the high- rate digital data to be recorded is demultiple xed

• into seve ral lower-rate data channels, which are clocked into the optical

system in parallel. In this manner, the high-speed requirements of the system

are placed on the input electronics, thereby corrcspondingly reducing the

• dynamic requirements of the various opto-mechanisms (e. g., light modulators,

deflector. and film drive) of the system.

Second , holographic techni ques are employed to improve the data

recove ry pe rfo rmance of the system during play back. By simultaneously

recording a linear array of data bits (i. e,, one bit from each of the input channels)
• into a one-dimensional Fourier transform hologram, the readout performance

(extremely low bit-error-rate) during high-speed data recovery is signif icantly

enhanced. The spatial inva riance property and relatively large d imension ( in

• one di rection) of the hologram significantly relaxes the degree of accuracy

nece ssary to sequentially add ress and read out the data with a scanning laser

beam. A measure of redundancy, with associated immunity to recording medium

impe rfections (such as film scratches and emulsion defects) is also provided by

the holographic structure of the recorded data.

LI 
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In addit ion , since data f rom each input channel is recorded and sub-

sequently reconstructed simultaneously, ‘ skew” between readout channels is

eliminated - an advantage over high-density, longitudinal magneti c tape recording

and play back. A furthe r comparison of Laser and Magn~tic Recorders is

summarized in the following table:

Design
Pa rameter Laser RecordLng Magnetic Recordiri~
User I/O Data Rate 900Mb/s 300MBPS 80 MBF~
Num be r of Data
Channels 128 128 24

Linear Packing
Density 8. 3Mb/ in 7. 7 Mb/ in  0. 59 Mb/ in

Film or Tape Width 70mm 70mm 1 inch (2±~. 4mm )

Packing Density 3. 02Mb/in 2 2. 79Mb/ in 2 0. 59 Mb/ in 2

Film or Tape Speed 108 IPS 39 IPS 135 IPS

Recording Media • 10, 800 ft • f S , 000 ft • ~10,800 ft20 ~n 18 tn~ • 15 tn~Reel of 2. 5 mLl ~0f 4 mtl (of 1 intl

Record Time
(Approx. ) 20 miii. 25 miii. 16 miii.

Total Data Capacity 1080 Gb 450 Gb 76. 8 Gb

6
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SYSTEM FUNCTIONAL DESCRIPTION

A simplified functional system diagram of Har r i s ’ recently developed

Wideband Holographic Recorder/ Reproducer is depicted in the following figure.

Necessari ly, certain subsystems have been pictorially simplified , but all of the

operational features are illustrated in the f igure.

S~nce the wideband recorder/ reproducer is a holograph ic system, a

relatively low- powe red, continuous-wave laser is employed to providt :he

required source of coherent light. The beam -fo rming opt ics block represe n~s

those components that separate the single beam into both a signal and refe rence

beam. The signal beam is fo rmed into a line source of l ight to illuminate the

one-di mensional, multichannel , acousto-optic modulator , or “page compose r”.

The fo rmatting of the hig h-rate input data into 128 parallel channels , and the

modulation of the data in those channels onto the optical , line-source, si gnal beam

are accomplished by the demulti plexe r electronics and the acousto-optic page

composer , res pectively. The demultiplexer converts the high-rate input serial

bit stream into 128 low- rate parallel bit streams that are then modulated onto

RF carr iers  and sent to the page composer. Here the 128 channels of electrical

energy are converted to acoustic waves within the glass crystal, so that when

the l ine-source of light passes through, it is modulated by these acous tic wave s

to produce 128 optical data channels.

The next step (Transfo rm Lens) produces the Fourier transform of the

optical bit patte rn received from the acousto-optic page composer. This trans-

fo rmed image is sent to the autoscan spinner/scanne r where it is laterally

scanned and imaged to the film plane to be recorded on the moving film . As the

film is transported through the film plane , the transfo rmed beam scans laterall y

ac ross it , reco rding rows of holograms.
7
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The next figure shows the format of the data as it is recorded on the

film . The dimensions give n for the parameters in this figure are those

employed on the Exploratory Development Model which y ielded a packing dens ity

of about 800 kilobits per square centimete r.

• Alter the film is developed , it is replaced on the recorde r/ reproducer

and illum ina ted by the refe rence beam only. The holographically di ffracted

data is then imaged back to the sp inner in an “au tosca n” arrangement (not

detailed in f igure) .  Afte r this second refle ction via the autoscan arrangerient ,

the data no longer has an angular scanning motion and can , the refore, be

successfully imaged onto the stationary photo-detectors via the fibe r optics

bundle.

Finally, threshold decisions are electronically pe rfo rmed on the

detected signals, and for diagnostic-purposes the resulting binary data can be

sent to verification circuitry to check on the fidelity of the readout process.

• Remultiplexing of the reproduced data into a single full-rate bit stream is

electronically accomplished at this final stage.

9
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SUMMARY

The deve l opment , imp lementa t ion  and e x p e ri m e n t a l  evaluat ion of the

W i d e b an d  Recorde r  Explora tory  Development Model has pr oven the v i a b i l i t y  of

hi gh -speed  d i g i ta l  data storage and play back u s i n g  holog rap hic  techni ques and

photog rap hic film. This deve lopment p rogram has made ava i lab le  a new , hig h-

speed , high-capac ity  i n fo rma t ion  s torage app roach o f f e r i n g  si g n i f ica n t ope rat iona l

a d v a n t a g e s  ove r more  convent ional  record ing  approaches (e. g. • magnetic-tape

r ec o r d i n g)  f o r  some app l ica t ions .

Addi t iona l l y, a s i g n i f i c a n t  part  of th i s  development program was the

conside ra t ion  of the potent ia l  for  h ig her  rate record ing  and reproduction system s

( i .e. , up to 5Gb/ s user  rates) .  To achieve th i s , H a r r i s  has syn thes ized

advanced  sys tem concepts and component spec i fi ca t i ons  for  rates up to 2 Gb/s.

Jt is  n ot ewor th y that  these systems are  based upon a common technology base

w h i c h  was addressed as par t  of th is  and related programs.  W i t h i n  this  technology

base , H a r r i s  has assessed the state of the a r t  and has ident i f ied the c r i t i ca l

a reas for  fu r t h e r  development.

F rom these i n v e s t i g a t i o n s , H a r r i s  has concluded that the system

. i p pr o i c h  dcve l op .d  unde r t h i s  prog ram is c u r r e n t l y  best f o r  most  systems that

ar e  r equl  red to support  u s e r  data rate s up to 2 Gb/ s.

Present  on -go ing  prog rams at H a r r i s  now include the development of

a 900 Mb/s ( u s e r  rate) wideband holog raphic recorder/reproduce r fu rthe r

extending this already proven system approach throug h the use of a wider

• f i l m  lu rmat  to effectively increase the total record time for  a given f i lm reel-

length.
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Mrrvc SYS1DI

RAU UNiTS:
_______ 

Unit SI Symbol Fcsu.k~.

length metre m
mass kilogram kg
tim. second $
electric current ampere A
thermodynamic tsmp.v.ture kelvin
amount of substance mole mol
luminous Intensity candela cd

SUPPLDWI1TAIY UNiTS:
pu ns angle radian red
solid angle steredian at

D~~W~~ UNfl~
Acoeler.tion metre pet second squared ...

• activity (ci a radioactive source) dlsintsgratlon per second ... (dlslnts$ratlOnYs
angular acceleration radian per second squared . r.dls
angular velocity radian per second ... radii

• 
• area square metre .~~. m

density kilogram per cubic metre ..- kglm
electric capacitance farad - F A5N
electrical conductance siemens S AN
electric field strength volt per metre -- . Vim
electric Inductance henry H V. 1A
electric potential difference volt V WIA
electric resistanc. ohm VIA
electromotive force volt V WIA
energy joule j N.m
entropy -. joule p.r kelvin -- .
fetc* newton N kg-mi.
frequency hertz Hz (cyc1s)~
Illuminanc. lox hi lm?m
_____ candel, per square metre -. -  odes

luminous flux lumen Im edit
megnstlc field strength ampere p.r metre Aim
magnetic flux weber Wb V~5
magnetic flux density teal, T Wblm
magnstomottvs fore. ampere A
power waft W
pressure pascal Pa
quantity of electricity coulomb C A~s
quantity @1 h..t joule I N.m
radiant intensity watt per steredian WIs’
specific beet joule per kilogram-kelvin .~~. Jflg.K
stress pascal Pa Mini
thermal conductivity watt per metre-kelvin WIis-K
velocIty metre p.r second •.. mis
viscosity, dynamic pascal-second ... Ps-s
viscosity, kinematic square metre per second •..
voltage volt V WIA
volume cubic metre m
wsvenumbor reciprocal metre .. (waveym
work joule I N-rn

SI PIUZXES:

Multiplication Factors PrefIx SI Symbol

1 000 000 000 000 - 10” tars T
1 000 000 000 — io’ gig. C

• i ooo 0oo—1o ~ megs hi
1 000—10’ kIlo k

100 — 108 heciV h
10 1O’ dek~did ’ 4

0.01 — 10 ’  cont1 C
0 00l 10’ mull

O 000 001 - 10-’ mIcra
0.000 000 001 — 10’ ’ nsa. a

0.000000 000 001 - 10”
0.000 000 001) Qfl0 001 —

t T,b. svold.d whera pcesibl. 

otis S J
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MISSION• of
Rome Air Develop ment Center

RAX plans and conducts research , exploratory and advanced
• development programs in co.anand, control , and conrnunications

(C3) activities, and in the C3 areas of inf ormation sciences
and intelligence. The principal technical mission areas
are consnunications, electromagnetic guidance and control,
surveillance of ground and aerospace objects, intelligence
data collection and handling, inf ormation system technology,
ionospheric propagation, solid state sciences, microwave
p hysics an4 electronic reliability, maintainability and
compatibility.
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