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APPENDIX E

Characterization of CNRS Fizeau Wedge Laser Tuner
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Suamary?

A new fringe detection and measurement swystem has been constructed for
use with NASA-Goddard’s CNRS Fizeau weddge laser tunery and consists of
three circuit boards. The first board is 3 standard Reticon RC-100B
*motherboard® which is used to errovide the timings video Processinsgs
and seneral housekeering functions reauired by the Reticon RL-512G
rhotodiode array used in the swstea. The samrled-and-held video
sisnal from the °"amotherboard® is rprocessed by a secondr custom-fabricated
circuit board which a8 contains a hish-sreed frinse detection and locatinsg
circuits This board includes & DC level discriminator-twre fringe
detector» a counter circuit to determine fringe centers a rulsed laser
trigdering circuitrs and a control circuit to orerate the shutter
for the He-Ne reference laser beam. The frinsde center information is
surplied to the third boardr» @ commerical single-board comruter (SYS-1,»
manufactured by Octason Swstems Core.) which soverns the data-collection
rrocess and interrrets the results. The comeputer bedins executing s sinrle
BASIC-landuase rrosraa automatically uron rowering ury and this rrogram

may be used to communicate the fringe informaticn to an intellident external

controlling device (via an RS-232 interface)y or to senerate @ correction
signal directly at the disital cuterut port. The eprodram is stored in a
non-volatile on-board EPROM memory which may be erased and rerrodgrammed

88 desired.
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The following is a suamary of the seauence of events involved in making
8 laser fringe mrosition measurement.

(1) The comruter sisnals the frinse counter board that it is readw to
accart data on a3 new laser shot bw droereing the RD (readw for dita) line
lows This initiaslizes seauencins latches A» Br and C (U8 and U20) and
then sets latch A.

(2) At the besinning of the next arraw scany the scan START pulse from the
array motherboard causes latch B to be set» and the suystem is readw to
acauire frinsgse data.

(3) As the arraw readout scan rrodresses» the sisnal from the array elements
is clocked seauentially onto the VIDEDO inrutr» and at the same time a 9-bit
binary element counter (Uly U2y and U24) keers count of the number of the
array element beins read.

(4) As this process continuesy 8 video discriminator circuit consisting of ;
3 X2 sarlifier (Ul11A) and a3 comrarator (U11B) searches for the rising edse

of a fringe by comnraring the anrlified video signal to a rreset voltade
level.

(S5) On the first arraw element whose video sisnal exceeds this discrimination |
levely the comrarator switches on the FR (fringe) lodic sisnal, setting ‘
latch D (U?7) and transferring the count in the element counter to a second ;
9-bit binarw counter (U3» U4y and U25)y the frinde center counter. The :
fringe center counter is incremented once for every two arrav elements within thei
frinder with the result that at the end of the fringe it will contain the
location of the fringe center.

|
() As the falling edse of the frindge is read outs the video signal again j
crosses the rpreset discriminator levely turning off the FR losgic signal ;
and setting latch E. This turns off the frinde center counter and sisnals

the coaruter that the frinse center counter now contains @ valid frinde center
location by turning on the VD (valid data) line.

(7) The comruter reads and stores this number» orens the helium-neon laser
shutter by rlacing a command on the SH (shutter) liner and bedins an

analosous rrocess to determine the center of the first helium-neon fringe

on the arravw:s The comruter then closes the shutterr takes the difference

between the test laser and He-Ne reference fringe center locations» mrrints s
the results and the process besins asain. |

(8) In the event that on a rarticular array scan there is no frinse

detectedr» either because ‘he laser has not fired or because the video sisnals
lie below the discriminator level, the swstem simrly waits for the next

scan containing fringe information.
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bcsiln trade-offs?

In terms of both hardware and software desisny this sustem
is relatively siarles making it both low in cost and easw to modifw.
Howevers this simrlicity reflects certain desisn tradeoffs which

should be kert in mind.

" Firstr by virtue of the slow orerating sreed of the electro-
mechanical He-Ne laser shutter mechanismr» the measurement throushrut
rate for this swustea will be lower than the laser firins rater
perhars oOnly 1 Hz. For hisher sreed oreration a3 liauid-crustal
light valve or hisher-sreed electromechanical shutter should be used
to switch the He-Ne line on and off. Even with this limitation removed:
due to the slow sreed of the interrreted BASIC programming landuaser the
system may still fall short of 10 Hz oreration unless the mrosram is encoded
in assembly lansuase. It should be noted» howevers that unless the mechanical
feedback device (i.e. motorized micrometer or riezoelectric rusher)
servoing the tunable laser can resrpond with comparable sreedr such
isprovesents will have little effect on the resronse time of the

wavelensth stabilization rrocess.

A second consideration arises from the hardware structuring of the
frinde detection Process. Since a frinde is detected in real time bw a DC
level-crossing discriminator circuit rather than bw storing the scan video
information and using digital sisnal srocessing techniauesy it is
a raridy uncoarlicated Process. However» since the swstem considers onlw the
Pirst fringe which is read out on each array scany the wavelensth
variation of the laser aust not be sreater thag about half a free srectral
rande of the wedde in either direction (}0.25 2) before the frinde walks off
the end of the arraw or another interferometer order emerdes at the
leading edge. Alsor since the discriminator resronds only to DC level
crossingsy the dwnamic rande of the swstem is limited by how low one can set
the discriminator level before noise is interpreted as frindge dato. This
noise comes from two sources. First there is ortical fringe noise
introduced by the characteristic rierpled wing structure of frindes
from 3 reflectively coated Fizeau wedse. In the rpresence of such local
reaks the discriminator level must be adJusi.=d high enoush to :
rrevent a3 rremature turn-off of the fringe center counters before
the actual fringe reak has been crossed. Secondr there is electrical
noise due to the switching transients and nonlinear resronse between the
individual array elements. There is also a rarticularly larde startznl
transient on the video line at the besinninsg of a readout
scany 8 characteristic of Reticon arraws. To block this transient
8 video blankins circuit (U27) has been incorrorated in the discriminator
to clame the frinsge losgic (FR) outerut during the readout of
the first 2 or 3 elements of the arrawe. Even with this featurer» howevery
the sinimum accestable frinde sisnzl is twericallw 25X of the full-scale
DC sisnal level with an ortisum adJjustment of the level threshold trimmrot.
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Documentation of Fizeau Wedse Tuner Prosram

The prosram listed below is an exaarle of the use of the SYS-1
comruter to manase the frinse data collection and readout process.
The rrogrem is written in National Semiconductor Core. °*Tinw BASIC®
which uses @ subset of the usual Dartmouth BASIC along with several
rseudo-assembly ]insuase commands that allow the contents of the
1/0 resisters to be examined and manirulated. The rprogram listinsg
eliminates all surerfluous sraces between commands for the sake of
execution sreed. However» a line-bw-line exrlanation of the rrosram
arrears below the actual erosiasm listing.

10CLEAR

1104A03+892
12PR°FIZEAU WEDGE TUNER PROGRAM *
13PR°VERSION 2-24-84 °*
14PR"MARK B. MORRIS °*
15@%A02=43

200%A02=$2

2504A02=93
3O0LETW=#A01 AND#2
351IFW=0G030

40Y=@#A00

45Z=@24A01 AND#$1
S0A=Y+Z%256
60@#A02=%1

70@4A02=%0

75@8A02=3%1
BOLETW=@#A01 AND#$2
85IFW=0G080

90Y=@#AU0

95Z=@4A01 AND#1
100B=Y+Z%254

115D=A-B

120PRA»B»D
12504A02=$%3

1356020
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instructxon in an auto-start EFROM.

¥8A03=392 This configures rorts A»B as inrut rorts
and rort C as an outmrut eore.
The rort addresses are!
Port A (inmrut) = AQ0O
Port B (inerut) = AQO1
Port C (outerut) = A02
12 PR °FIZEAU WEDGE TUNER PGM *
13 PR "VERSION 2-24-84 ° Prints a sign-on messase on the TTY.
14 PR °*MARK B. MORRIS *
15 2%A02=%3 This sends a rulse (RD) to the fringe center board
20 @3A02=32 to indicate the comruter is ready for fringe data.
25 @94A02=33 It also initializes the shutter in the closed rosition.
30 LET W=@#A01 AND #2 Checks for valid frinde data
indicated on VD line (bit 1 of rort B).
35 IF W=0 GO TO 30 If there is nct valid data Prosentr branch Y
back and check a8d43ain.
40 Y=23A00 Load bits 0-7 of frinde center data word :
from rort A to variable Y. ;
45 Z=@4A01 AND #1 Isolate bit 8 of the data word. 2
S50 A=Y+Z%256 Comrose the 9-bit data word. ;
At this roint the location of the test -
laser frinde center has been stored in variable A. ;
460 @3A02=31 This sends @ pulse to indicate ready for frinsge J
70 2$A02=%0 data and also orens the He-Ne shutter by rlacinsg 4
75 @3A02=%1 @ zero in bit 0 of port B. 3
80 LET W=0P#A01 and #2 Test for valid data.
Qs IF w=0 GO TO0 80 Loor back and test adain if valid data not wet mpresent.
70 Y=@#AV0 Load bits 0-7 of frinde center data word
from rort A to variable Y.
95 Z=@#A01 AND #1 Isolate bit 8 of data word.
100 B=Y+Zx%x256 Comrose 9-bit data word and store in S.
115 D=A-B Take tha difference between the test fringe
location and the reference frindge location.
120 PR AvB»D Print laser frinde centerr» He-Ne frinde center»
and the difference between the two locations.
125 @24A02=43 Close the shutter bw rlacind 3 one in bit 0 of Port B.
135 GO 170 20 Besgin the rrocess asain.
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