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SECTION I

INTRODUCTION

Research and Technology Task No. 7719 , 360 Degree Nonprogramed V i sual
Disp lay, ca lls for the fabrication of a feasibility model of a 360 degree non-
programed visual display . The display relies on a group of 12 charge
coupled device (CCD) linear arrays as pi ckup devi ces and 12 lasers as output
devices. Various rotating components are also incorporated in the system.
In order tha t the CCD arrays , lasers , and rotational system components work
together properly, they must be synchronized. The design of an electronic
control system providing synchronizinq signals to the display system com-
ponents is presented in this report. A displ ay system analysis yiel ds the
required frequency of the master clock and countdown circuits are determined
for the various components which require synchronization. Conclusions are
reached regarding the confidence level of the electronic control system,
since the frequencies required demand the use of state-of-the-art logic.
Recomendations are made on an alternative lower frequency and the effect of
lower frequency clocks on the original system is given.

SECTION II

STATEMENT OF THE PROBLEM

• Design electronic control circuits to provide comon synchronizing
pulses to the pickup elements (CCDs ), the display elements (lasers), and
the rotational elements which provide the vertical and horizontal sweeps
to the scanning and writing beams.

3
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SECTION III

SYSTEM ANALYSIS

The block diagram in figure 1 shows the pickup—displ ay system. The
electronic control system must provide synchronous clocking pulses to control
(1) CCD outputs , (2) the laser scanner , (3 ) rotation prism, and (4) dero-
tatlon prism noted in figure 1. A video ampl ifier to provide modulation
signals to the laser modulator is also required. The fundamental require-
ments fixing the clock frequencies for the electronic control system are:

a. Three minutes of arc between raster lines

b. Thirty Hertz frame rate

c. Two to one interlace

d. Twelve CCD line sensors and 12 laser line outputs

Since there are 360 degrees in the display,

then

(360 x 60) 13 = 7200 lines are required per frame

Since there are 12 CCDs (and lasers )

7200/12 = 600 lines

per CCD are required per frame . Since the frame rate is 30 Hertz , and the
number of pixels per CCD is 1728

600 x 30 x 1728 31.104 MHz

Is required clock frequency to pulse out the video from the CCDs . Since
some transfer time (about 2,000 nanoseconds) is needed to transfer the
charge into the shift reaister, the required clock frequency Is about 32 MHz .
Since 32 MHz is the highest required frequency, the minimum input master
clock is 64 14Hz.

The laser scanner is a twelve faceted mirror each of which puts out 12
lines per revolution - 144 lines in all.

Since

7200 x 30 = 216,000

lines are required, the laser scanner must rotate at
21600/144 — 1500

revolutions per second or 90,000 revolutions per minute. The nearest 

~~~~~~~~~~ - -~~~~~~~~-~~~~ ~~~~~~~~~~ . .~~~ -
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Figure 1. Pick-up Display System Using CCD Sensors and LaserDisplay System For 360° Cyl indrical Display
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I nt~qral dlvi (I(~nd to 3? Mlii , wli l eli will yl 1.1 it 1 ~flO rp’. , Is 31 . ~~~~ MIt, . That. — -
Is , If  we divide 31.99q5 MHz by 21333, the result Is 1500 Hz which will be the
synchronizing signal for the rotating laser scanner. Synchronizing signals
for the rotation/derotation prisms must he provided . For a 2 to 1 interlace
ft is necessary that each CCD scan a 60 degree sector (rather than 30 dearee~with half the CCDs placed so that their line outputs interl ace with the other
half.

Since there are six sectors

3 0 / 6 = 5 H z

is the required rotation rate for the scene . Since the prisms mus t rotate
180 decirees for each 360 degree rotation of the scene , the synchronous signal
for the prisms is 2.5 Hz. The countdown (divider circuits) required from
the 1500 Hz signal is

1500/2.5 = 600

Figure 2 shows the electronic control system.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-~- 2l333

~ 
2 5 H z

] 
~~ DERO1ATION

LASER ROTATION
SCANNER PRISM

F igure 2~ Electronic Control System
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Detailed circuitry will be shown using a 60 MHz master clock . Sixty MHz is
used as an example because of the inability to forecast the exact rotation
rate of the laser scanner (90,000 rpms in exercise above) to he delivered
from the manufacturer.

The high—cl ocking requirements of this design produce pulses with time
lengths in the area of the propagation delays of state-of-the-art logic. The
only possible choices of logic which can be used are:

a. Emitter Coupled Logic (ECL) - smallest propaqation delay , 2-3 ns

b. Schottky - propagation del ay 5 - 10 ns.
ECL voltage level is not compatible with that of other circuitry that

must be used so Schottky logic must be used.

Once the choice was ma de to use Schot tky loa ic , a study of each chip was
made for propagation delays versus the final clocking requirements . Th i s
is shown in fi gures 3 and 4. Fi gure 3 is a timing diagram of the clockinc
required for the charge coupled device , CCD 121 . Figure 4 shows the typical
delay error due to propagation times.

Figure 5 is a block diagram of the drive circuit and shows the aates that
can be introduced to correct the delay error shown in figure 4.

a. Counters A , B, and C are incl uded in this design to have the option
of a synchronous or asynchronous system. Wi th the switch on EXT. START, a
comand-pulse from an external source controls the read cycle. Wi th the
switch on FREE-RUN , a new cycle ‘is initiated at the end of the 1728 element
readout from the counters.

b. The five dri ve clocks are 01 , 02, ØR , OXA , OXB. The correct sequence
of the clocks is shown in figure 3.

c. A decision was made to use one clock source for all the drive cir-
cul try to keep any error down to a minimum . A 15 MHz clock is available
for the mi rror and prism dri ve systems. This clock can be divided down

• to the frequencies that are required by the manufacturers of these systems .
This still has to be looked into to determine what type of motor drive cir-
cuitry is required .

Figures 6 through 9 describe the detailed circuitry required for the CCD
clocking and output ampl ifier.

. 
Figure 10 shows the CCD chip and external connections.

Append ix A is an analysis of the minimum inpt t clock that is required
for a resolution of three minutes and four minutes between scan lines. The
operati on of the CCD 121 ‘Is going to be borderline at these clocking rates
and may present a problem of intearation time, i.e. , the time allowed for
the photosites to collect charge. If the time Is too short, the outpu t
signal may be very low and difficult to pull out of the dark-sional noise.
The output amplifier Is a low noise type with a variabl e gain and can be

7
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trinuned for higher output signals.

• Appendix B details the CCD 121 loading requirements at the required
cl ocking rate . Peak currents of 700 ma must be cons idered for the power
supply requirements.

Appendix C details the bandwidth requirement for the ampl i fier system
and laser modulator. A minimum bandwidth of 40 MHz would be a safe fioure
to use for the specifications when purchasina the modulator and modulation
drive ampl ifier.

Appendix D details the power supply requirements and the voltage
regulators to be used. The curr*m t drain is for one complete CCD 121 system .
If there wil l  be 12 CCDs , i t Is reconunended tha t three power su pp l ies per
system be purchased.

The clockin g system, CCD 121 Ch ip, and the output ampl ifiers , should be
5- contained on a printed circuit board that is designed for high frequency

operation . The board should have a ground plane , a Vcc plane , and use
decoupling capacitors; 0.047 pf mounted next to each logic chip and 10 ~if
for each vol tage source. Due to the high frequency requirements, the design
of this board should be carefully pl anned by someone with expertise in
board layouts.

SECTION IV

CONCLUSIONS

An electronic control circuit is required for the synchronous operation
of the CCDs , the laser scanner , and the rotation-derotation prisms of the
360 degree visual display system. The master clock frequency of approximately
60 MHz demands the use of state-of-the-art Schottky logic. The hiah frequency
required may degrade the performance of the CC!) arrays to the point where a
relaxation of the display system requirements will be necessary. Appendix A
gives the frequencies for a three minute arc separation and those for a four

• minute arc separation . Since both these separations are better than currently
available on wide angle visual systems, fur ther rel axat ion for a feas ib il ity

• model does not seriously affect a decision to proceed with the project.

SECTION V

RE COMMENDAT IONS

It is reconsnended that consideration be given to usinq a less stringent
requirement than three minutes of arc separation of the TV raster lines due
to the critical propagation delays of the clocking circuitry . It Is recom-
mended that personnel of the Electronics and Acoustics Laboratory he kept
informed of the progress in purchasing the various system components so that
testing and system design can be continually updated as necessary as purchases
are made.
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DUAL ONE-SHOT
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Figure 9. Dual One-Shot and Output Amplifier
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APPENDIX A
— 

CCD CLCCKING

- Tota l Scan Time

- 2000 NS 1730 Elements

__/~,, 
\~/~ Tout

Transfer Time

I. Required: 3 minute resolution between lines
- 

30 frames /sec

12 CCO ’s /frame —

;- . 1

1. 3600 x 60 mm x 1 line = 7200 lines / frame

- 2. 7200 lines/frame x 1 frame x 30 = 18K lines
12 CCD ’ s CCD Sec

3. Time for 1 total CCD scan = 1 = 5556 NSH
- 

4. Tout = Total scan - 200 ns = 53556 ns

5. Clocking rate: 1730 = 32 MHz
Tout

6. MinImum Input clock is 64 MHz

L.
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APPFNDIX A (Cont) 
-

II. Required: 4 Minute Resolution

1. 360 x 60 x 1/4 = 5400 lines/frame

2. 5400 x 1/12 x 30 = 13500 1 ines/CCD sec

3. One Scan Time = 1 74000 ns
- l~~

_
0O

- 

- 

4. Tout = 72000 ns

• 5. Clock rate: 1730 = 24 MHz
I 

7~0OO NS

6. MInimum Input Clock = 48 MHz

ç

~

‘5-I)

- . 1-8 
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APPENDIX B

CCD LOADING

C~~ = 1 pf load

____ 10 ns L__.

Trise 2.2 RC

1. Let tr = 2.2 ns = 2.2 RC

R = ‘1 ,~ = 1000 ohms
C

I peak - = 7V = 7 m a

2 . C01 = C02 = CØ
~ 

400 pf

Let tr = 10 ns 2.2 RC

R = 5 ns % l 2 o hms
C

I pea k a 
~ 700 ma

• 19
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APPENDIX C

BANDWIDTH REQUIREMENTS

I*_32 ns_
~1

01J 1 L L f 1 L~~~~~~~
0 2 ] ! j  1 ,~~F

-~_~~—8ns  
_

ØR 
_  11 i i

OUTPUL
~~~~~_~~~~~~~_ _

~ -l6-ns.~

IMAGE DATA -

Trise = 2.2 RC = 1
3f

1. Let Tr 4 n s
f 8O MHz BW

2. Let Tr = 8 ns

F = 4O MHz BW

H
2!)
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APPENDIX 1)

POWFR SUPPLY REQUIREMENT PER ~VSTEM

1. Logic Circuitry:

Vcc = +5V
I Drain = 700 ma

II. Drivers and Output Ampl ifier

a. El = +15 V -Device : p A 7808 UC

Vcc = +8 V * Use lOW Heat Sink

~1—E~IJ—i~

b. El = -15 V Device: p A 7908 UC

Vcc = -8 V * Use 10 W. Meat Sink

ID = 300 ma

+15 

10 J.Lf 

2
~I 

~~~~O:f
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