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This research project is to analyze and research a specific laser configuration to
obtain complete knowledge ~ technologies and experiences to transfer to the project
initiator for the conducting of the fine detail maintenance work. We descript in
detail of the project approval processes and all the subjects that project initiator
demanded. In the execution of the project, we analyze and research all the
components and modulars, link all the interfaces, establish the standard of processes
for the measurement ~ alignment - replacement of all components, and even more we
have designed all the different levels of the laser driving circuits, so the operators can

obtain complete self-contented abilities to do the maintenance.
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Left: The most distinct external feature of the OH-58D is the Mast-Mounted
Sight (MMS). It has two windows for a TV sensor (small one) and a FLIR
(large one). There is also a laser rangefinder/designator boresighted with

the sensors. The MMS can rotate £190° in azimuth and +30° in elevation.
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1. Laser designator.
2. Stabilized platform.

3. TV camera.

4. Boresight assembly.

5. Thermal imaging
SEensor.

6. Multiplexer
electronics.

7. Composite post.

8. Heat exchanger.
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Thermally stable.

Reduces image
vibration.

Magnifying video
SENsor.

30 seconds 1n flight.

120 element module.

TV/FLIR correlation.

Kevlar composite
based.

Glycol cooled.
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(a) & %% 57 #f Laser configuration
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1. Laser designator.

2. Stabilized platform.

3. TV camera.

4. Boresight assembly.

5. Thermal imaging sensor.
6. Multiplexer electronics.
7. Composite post.

8. Heat exchanger.
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QXF SERIES

Liguid Cocled, Xenon Filled Flashlamps for High Average Power, Medium Peak
Power Operation
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& 200 290 71413 2.0 453 110t 10054 1300 1100 3850 16 1.6
B 250 2410 FAF k] 40.0 4.0 x 107 12558 1500 1200 4550 1E 20
B 300 3aaa 7-14M13 450 550 x 107 15082 1300 1500 S250 iE 24
10 7= 160 714143 aE 1.57 x 107 4713 1800 ) 2400 bi] nE
10 100 104 21413 128 2.10 % 10° E234 2300 Eli | J4ED b 1] 0.Ee
10 125 ] 714113 16.0 262 x 107 TE55  3E00 800 2600 m 10
10 150 24 71413 19.2 315 % 10° o426 2800 a0 3150 F ] 1.2
10 200 294 7143 256 4.20 % 10° 12556 2300 1100 3850 n 1.6
10 250 24 71413 32.0 525 & 10° 15710 Zaca 1300 4550 20 20
ils] e 384 7413 34 #.20 x 107 13352 zama L =25 ] 24
ili] 450 ] 71413 ETE 0435 x 10° a1 A2 21 F3E0 n ik
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(d) T %% #= %= Porro resonator

TRIASNPFFEY > AR EREY T DAL & F s 2 2 Porro prism
pair> Porro #E 4t 2 7 S £ Rz T B> L Porro gL 2R R # i T AR

fes

~

\VIZA

gL T g B 0§ Porro AR &L A2 A EHE - HEPF 0 VAR BT

R

R
B

TR YA AR S AT T SPEY Pomo fEELA B v g
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http://en.wikipedia.org/wiki/Image:Porro-prism.png
http://en.wikipedia.org/wiki/Image:Double-porro-prism.png
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TF L Porrof gLl g BHERYE F AL R NT R REEE S

TELAIT A BRAHET R PHDLE LS 2T SRR
I Ap 7L i (phase plate) » fe = &M T Bk e 3}%1:". e I L ””ﬁ;*]
M Ao g r > 2 AR LE LG IR P BT A
fo BB oonenfp ] o ¥ Porro S A T MR FRE L E & T MR
@%ﬁ’i%{’?ﬁﬁ%ﬁﬁﬁﬁﬁéﬁ%%%’?ﬁ%%iﬂ
(misalignment) % % B d <~ od H* 4 8 L5 6t * o & L7 HETEF -
HEADLLR S S U2 EFFARMA BT HENF > LFEY Porro
BE B DT bR JRIE o

”TiﬂW#PmDﬁﬁﬁﬁm*% SR LT oy
Bffﬁ?] Ve P R ARBE R R 4R 2 o

& % Porro 4 & I EAoB - from e BRE G s er e

g
F04¢ 5 Poro EELLH RS B FHBLPCHE A - B
A\%?Eﬂ‘ﬁ;ﬁﬂz%l.— o
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Leser output

left lasa: rod polarization  Pockels call righi
Porro prism bearn spliner Paorro prism

Porro f‘ R B d - F Sa P2 T 73 B Porro f 4L
Ao B9 igA B Porrofidl 0 & kXIEIER BiEkAp R oA &
HRE s 7 d - BiHiEs kY G #@,—J e sl o F ARE JR? R
&5 5 ¥ MR T URE % Q-E B 4]0 Pockels cell £ % s #1 o Porro
Serfpp hEL ‘—’”@m@{’ v E JRE RS A4 3 (misalignment)
4 # 4 chE TR (insensitivity) ) o gt ¢ Porro #E &L & RVE 0 H 8 chif LR
3 ¢ { ) @0 diffraction loss > 4] * Porro s ez i Rehgd > V2 FHD
ﬁi&l 413514 (@ (output coupling ratio) ) o

g sfenPorro St E L dRIR Y 0 S % - B Porro g &Lehh &
B AAEN X ek T g b ooa LRy - B Porro # 4Lz £
EAENE X XZ TG F - BS&R HY B & A3 008 90°F chikc
B ® Xirypy H ﬁ;] 11 % % & (& (resonator transmittance) > ¥ ¢ Jones Matrix
FPE BhiELEL sPorrofEsleeL ~ L - BiEkeLa Ny

Mprp = Mp M M,
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i 2

H ¢ A=cos(P/2)+jsin(P/2)cos(2B),
B=sin(P/2)sin(2p),
NN TS
P #5478 F 2o % o Porro AL AP BB &,
B E_Porro & &k T h %k &,
M, #_Porro # & {7 7| 3¢
M, 2t 4& % w7 7]
004t Porro AL H AR B & & 2 F BpenB R 5
P=n+4tan"' {[cosi(sin’i-n"?)""?]/sin%i}
B i EfEsar b >n LA ITE S o d 3 Porro # 4L roof angle
2.90° 0 1 £ 45° S g E B AT S 2 L2V R g - R i
& o
Flpt oo B ook BF R G
R = M*prp Mprp
= cos’(P/2)+sin’*(P/2)cos’(2B)-----(1)

Ak bF o FRT A4 2B Bendndic ¥ P €5 Porro #EALATH S A
P o AP E Ay o Porro EALE £ dRETOF _é,j—ﬁvﬁ,;f] A, BT
CEFHOBERL cINEFIHENLE FRAPT TR FR
Frig U A/ 2T Porro &K T % & 0°82 90°RF endic B o

TS F SPenzE RN I A Porro £ 4L £ JRIET Sk S g o
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Porro 1 View Porro 2 View

(Looking @ Crest {Lookiing @ Crest
Along +Z Direction) Along -7 Direction)
Fooomel paper:.
X : Il
i 423 :%_ s .
fE—— D LS S S B
Il Laserrod ¢ | A
i FPorro L-‘d_-.l Bm| m |
Bl ' splitter} prism 2 |
- - 1
! L; '
e e |
I AY | P A&’ H
E‘?ﬁi "‘%’*x
X 2 ;
Parro prism 1 view Porro prigm 2 view

AT & L Porro AL E JRES BAESH LD R ApHDLD Lk
§ 8 5 JRVEPN AP 2~ & (phase plate) » Je % iR HRIL G SR AR g N EOF
FR gy s o) o ¥ o Porro AL S hT LR U A RS
*ENF B E JRAE 0 U sk % 23 (misalignment) L £ B BRI IER B & o
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TABLE 1
OPTICAL AxIs DIRECTION FOR VARIOUS
MISALIGNMENT ANGLES OF PORRO Prisum 2

Poro1| Pommo? Mu:b‘:nu dmm
finga. |miasigomond Y-8 Zaxis

udog) | SR [P | Anaiytica A:AE-_ "a..,,'LE
ntbishonnns solution solution

-5 5 5 28887 | 28688

4 4 4 23004 | 23094

-2 2 2 11548 | 11647

30 ) 0 0 0.0000 | 00000

2 =2 2 11547 | 11547

4 - -« 23004 | 223084

5 -5 5 26967 | 20008
-5 5 5 -5.0006 | 5.0000

- 4 4 40002 | 4.0000

2 2 2 20000 | 20000

43 0 0 0 0.0000 | 0.0000

2 -z 2 20000 | 20000

4 -4 4 4.0000 4.0000

5 5 -5 50000 | 50000
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(e) @ %= m E & 4t Corner cube

AT EE RS 7 D> ¥ - £ BT Efifii*‘u{:: % ¥ % # 4% Corner cube
prism e T & d = B 3 4p £ T 5 (three mutually perpendicular surfaces)? 2 —
B2 &= &340 T 5 (hypotenuse surface)*THig ch > K Stk §F § 5L 2 o v
A A * ke > F &R 72 (total internal reflection, TIR) » ¥ & j¥ 5 »c » &3t
(effective aperture)i& » ek s € 4L = B 2 & T & > & Sf(reflected by the three roof
surfaces) > @ ® uja?] » kS - T 6 (emerges from the entrance/exit surface)L {7 &f
11 (parallel to itself) = #7102 = & & 4% $ 4% Corner cube prism » ¥ - B 2% &£ & (0§
SRR 0k Tlehg sk R it o

TRANPFEY > FEEEEY T I ERGHEF AL
Corner cube prism » H < i g4 2 5 i 7 LBl -

=
I
=N
|l
P\h
b
&

F.J

MmH AR AR AT P
Material BK7 Grade A optical glass
Dimension Tolerance +0.0, -0.2 mm
Clear Aperture >85%

Deviation 3 arc sec

Flatness 1/4 @632.8 nm on big surface
1/10 @632.8 nm on other surfaces
Surface Quality 60-40 scratch and dig
Wavefront Distortion I/2 @632.8nm
Bevel 0.2 mm to 0.5 mm

special size and coating are available upon request

M Z GRS A AT & E = @ & & $ 48 Corner cube prism F

B L E S T ERY IS EERY o
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929 E &4 Comercube prism £ 2 i1 g S X JRI2> § B E & 0
TR RS FLRITd = B3 jpLE 0T G (three mutually perpendlcular
surfaces) ™ 2 — B € & = & 4) 43 T 5 (hypotenuse surface)*THEid > F &f %
it o v £ 1% k> F &R 22 (total internal reflection, TIR) » ¥ £ j& 5 #%
» &34 j% (effective aperture)i& » sk R 48 = B 2 & T 6 > F Sf(reflected by the
three roof surfaces) > @ ¥ j& ﬁsaj kM- Ta (emerges from the entrance/exit

surface)¥ {7 & ) (parallel to itself) °

LAz 5 B & 44 Comer cube prism 1§ 5 & 48 0 G H 4

.
ﬁ£?%#ﬁ?%ﬁm SEEOp ST

Light-ray 'F:f'
iy meirror

FREFFOF

FS @ BA) %Y (from trigonometry)

0 =907 — 7y,
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rd kK8t

|
o]
=)

r:"-i—J‘,[

TirEzwe R &

= Ill

I =F

rg = 90" — ;.

g =90 —r;.

=90 — (gﬁr — :_1] = iy.

=1y

¥ 2~ 543 T (effective aperture)i& » (kR E AR = B E & T o

> & #(reflected by the three roof surfaces) » @ 4@13?] > K& - T g (emerges

from the entrance/exit surface)-T 7 & J! (parallel to itself) °

TRAE- CARSH AT AR T AOER R R G e BT N kAL E
MZBEETG 2R @2 Jff}"jaﬁ% kM- T g T {784 (parallel to itself) o

s
T
~
""-..H
"
# 4 4 Corner cube prism » &_# 7 B 3 i e

TR T HERN T 2

R 3 HE R
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http://en.wikipedia.org/wiki/Image:Corner-reflector.svg

Corer cube

- 7
* o
Laser rod Z

Pagsree / Eeofiitor
rodulatar /
/
\ Dielectn'} I pretarizer é

Totally reflecting mirrar
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(f) 3 #4744 Folding prism

AT EE IRV AT D0 ¥ - £ R F s fjhié‘ & ¥ 4% roof-angle prism >
X f s § sEdTH & Folding prism - v & 4 4% right-angle prism #7
B2 F G FTHAE P E TG LR A R - B B F AT
HEfn - TFE AT Gt KA TR vs Bl khdF SR
(total internal reflection,TIR) » ¥ & j¥ 5 »x » #+3% j< (effective aperture)i& » i3k
Ao fr%gz‘v}tjé & T g >k &f(reflected by the roof surface) » @ ¥ 4@?1 kA - T
Bob o B - B & DT SR IR T T SR A2 o

¥ & & 4 roof-angle prism> 7 S & JRAEP AT Pl a A ITE MR IR
Rk R s Vi T R JREE s o R T e

TREAAPFEY o FEHEERY T I EL T HET AR LG
roof-angle prism » # = i# méﬁ& BRTLEETREIRY

-

-
-
Lol
-

- - - -
- - - -
- - - -
- - -
- - -
- - -
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(2) T #+iEp ¥ 24t Telescope in the resonator

TERARER o € 4 T SN Y R 84 e (intra-cavity telescope) > £
HELF# gt a? 8¥5 32 -

TR ZREEE AR L - BB - BUBHSTES G T &
TR ARIER 0 i R s R T M RER R L R A R
¥ ~ «1iT* (intra-cavity telescope for collimate laser beam spot)’ 14 7 fie T #4+5 B if
R F B AT o R A I G LAY LA R BB 3
= e s B K U (intra-cavity telescope for overcoming thermal lensing) » #L3k &
AR g R R AT RER Rk G LS i R
BFOF|D BN YRR o

™ B -Jﬁ; BHE JRAIERN 4\1" TEEN R e s e o

i ooy st
o g Felescope Miroe

TN gsste  RA PR - BVESZ - BUBsiTEdge T
FRIG AN F RS DR M

l.-'

Inkacndy Tdasoope
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HR.

5T T F I SRR 0 e d § RN R BB .

telescope Crawitch MNd:YLF rod oz

\

I

Th 2
W7

Cd=e OFO KTACPO lens  MNdYLF amplifier
rod
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Master

scillatar
. . Littrow
intra-cawvit i
AOM Erglass rod tEIESNP: graing
[]
L1
w
, > >
. Lacal oscillator beam
offset ouiput monitor
- . detecior

pay
~mbe
it
ok
5‘;34
£
¥
=
k&
s
&
&

i -
¥
&
F_k

By 3§ T S (Excimer laser) V2 o
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Excimer | aser
1 2 4 4 5
’ r 7|
2
A v
rﬂ L] o £ 0]
6
Lﬂ o [+ &£ o

Excimer laser with intracavity bimorph corrector: 1 — bimorph mirror; 2 — 3* telescope; 3 — output

coupler; 4 — focusing lens; 5 — photocamera; 6 — block of manual control

The maximum filling of the adaptive mirror surface with the radiation due to the
discharge in the XeCl laser was ensured by a quartz telescopic expander (with a
magnification 3%). The distribution of the intensity over the beam cross section was

photographed at a distance of 1 m from exit window of the laser and in the focal plane

of a lens (=15 cm).
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(h) T % Q # +#]% # Q-switch modulars

TRIEEEEE o F SREEE 5] B (laser target designator) © E #% fbF Q-3 1] &
o % 48] LW e

NOTE:

@& INDICATES POLAR~
IZATION DIRECTION
INTO THE FAPER

4 INDICATES POLAR-
IZATION DIRECTION
IN THE VERTICAL
DIRECTION

EITHER POLAR— B Q-SWITCH OPERATION
IZATION COULD
8E USED

POLARIZER

PORAC PAISM
HOLD OFF CONDITION REFLECTOR
{BOTH POLARIZATIONS ARE

DEFLECTED, NO LASER ACTION)

PORRO PRISM
ON CONDITION REFLECTOR
| & POLARIZATION IS

REFLECTED BACK INTO LASER

ROD, LASER ACTION BEGINS)

@)= -

MS 419175

TM 9-1260-479-30 Figure 1-18. LTD Optics Diagram 1-20

P BRI Q AT el e AT ) T AR AL
Rentic o a BiEARY BTG N R A BAAY AR 0 AT T S
B ORERA G - 2 B4 BRI QA 1T s angy

Foey cavity loss

hlg':l imitial is suddenly

cavity loss Tparitched"
10 low value

IN! Dutplﬂ rlgiant ;]“lsell

pUmMping process laser actiomn

builds up a takes place

large inwersion gain

' 0 N

REEUEIEER LT o S SRR 0 ARILIECE -2 S A UR DI
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b A MRS > e T BN R S

Duration Peak powers Method
10us kW free running
ns MW Q-switch

TRIAE R Q-AFIT ML AR Pt o i B F R G e
FH AP R KT AN QT e o
Laser Q-switching techniques

rotating mirror
* Cheap and simple

—
’//{D ——-; * Uncertain timing, slow switching
; speed, vibration efc..

5l ‘

f / * Fastest form of Q-switch, precise
timing, good stability etc..

: /! G
s A
i—/ W = “}' « Expensive and very fast-rising

electrooptic

A) high-voltage source
acoustooptic *Slow opening times
i - z L .
; ¥ A <" __¥ *Verylow optical insertion loss,
7 "'// = -~ ¢ simple rf circuifry etc..

/
* Simple, minimum optical

saturable absorber © elements, no external driving.

4 / é, * Shot-to-shot amplitude
B , fluctuations, photochemical
: degradation.

* Simple and fast-opening Q-switch
for single shots

Z ~J. %
e E "= * Not very practical for repeated

shots.

thin-film absorber

E% Q-5 S h ¥ fjifde ™y 2 A EEMETF]F o0 L FHERY
Pkl Ng 5 BEF E#c; Na 57 A fes jcf A B anT + ¥ Na0 5 Na
e deiE S ge = g bW RFaRRES > BY g LT LIt &
B iga=1/ta 5 VS TR ORLP E T o ta P G T Aot arc it &)
Rp 25 0 gc 2 HELTHIEP hERFESF »Kg 2 Ka 8¢ Tl
H P Kg=2sg/trAg ; Ka=2sa/trda > sg 5 7 ¥t f a6 ff 5 sa 5 7 &2 fox
YR A e fe B ffoor 5 X5 & %w PoeiE ) 0 Ag B Aa A ] ST B
WEMHOBET ATl PR R T ATl iR e R R
fs sz m fF et E o
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lamp 1
current

v

cavity 4 A

loss

A

inversion

photon i
flux

AR SRS LR 2 AEEFRIR  foF SR MR A B 0 40T AT
000V

- B VA Rt Tk — N 7
b.8M 6.8V 5.5M 68
|
; 1.5K
T il
[R-AY | 6,80 é 6.8M
K22 ; 15K
28Y H%f
| e =6
- % 1.5K
-
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2 10
=
) o B !r\
R [
S 8 -0 ,
= . . J ﬁr
.._":"‘,E" 2':' 1 L - I vy oaf Tu EFr '
g == = ] ¥ " T T
5:2_" 1'"""'.'“'.'1:."-". LILEIRS BT
E = 30 ey eow - EoN
b D ™ ™ 1! Y™ ]
= LR PR P
gh -4{)
e
[=]
- =30

G100 20 30 40 30 e0 TO BO 90 100 ,q

—
—

3

0 W0 20 30 40 30 6 0 &
x10us

Yrk AP AP REE T Y B AR NERMRGTER R ES R

R o d SR reny I pE A B g NG Sk R B ehz BT RlAoT R
APTERGEH DN EEAFTURFF AL L o
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4008

T}.moﬁmo ‘[‘39&1 T39oo T3900

s i o
Trigger 100 [
= X 51 f
b 4 1N5A19| INS61 -
IN415( ¢

D ' T ETURN °

40

Woltage (x100%  Laser palse (arbitmrily scake)

150 20

L=
2
2

60 ]
50 &

40 ‘j

20

Amplitude {arbitary scalzh

=
|
|

0 10 20 30 40 50 60 70 80
Time (x 10us )
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Laser pulie yield by slowly opened swaich Laser pulse yield by fast opened swich

Output enerzy E=bim] E=4t3m]
Beem diveraence 01437 mred 6 mrad
Laser pubewidth (FWHM) 13 ms Wrs
Duiput peas power JIMW LMW

T AT 0 A B R Q- A F S ertiow f B8 0 LINDO; (R

Specifications:

Parameter Value

Transmission at 1064nm >98.5%

Apertures Available 3, 4 and 6mm

Half wave voltages at 1064nm 1,000V, 1,300V and 2,000V
Contrast ratio >20dB

Acceptance Angle >1°

Damage Threshold >600MW/cm? at 1064nm (t=10ns)
Physical Dimensions: 35mm @, 45mm long

2R REABRIT RS E:
Pockels Cell Q-switch Driver

@ DUTPUT

NERTAGE

C AT EHBOPIEE T APRE S RV AR B EE F%E
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F(10-25 Hz) Q-3 #1 5 g B LE AT RS F

Provisional Specifications:

Parameter

Value

Repetition Rate

0 to 100kHz in five decade steps by internal or external generator

Output Voltage

+200 to +2,000V adjustable with visual display

Output Pulse

The standard system generates a positive going step function above
zero. The generator can also be supplied giving a negative going step

from the set HT level down to zero for quarter wave switching

External Trigger In

+3.0 to 10.0V min. 10ns f.w.h.m. into 50Q

Synchronization

Output

TTL approx. 30ns after trigger

Overload Protection

(1) Repetition rates above 100kHz
(2) HT Current above 25mA
(3) Output stage fault overload

Protection occurs by automatic removal of the HT supply which can be

re-instated by the reset switch

Power Input

Universal 90 - 265V a.c. 47 - 440Hz via fused IEC inlet

Dimensions

150(h) x 250(w) x 330(d) (mm) Mass: 6kg

Step Voltage at End of an Open Circuit 50Q Line

Maximum Maximum

50W co-axial cable ] ] ]
| H Rise-Time Flat Top Fall Time Frequency at |Voltage at
engt

J 2kV 100kHz
125mm 5ns 175ns 400ns 80kHz 1,700V
250mm 5ns 160ns 500ns 66kHz 1,500V
500mm <7ns 150ns 700ns 50kHz 1,300V
1,000mm <8ns 120ns 1,000ns 40kHz 800V

TR E’B‘i@?Q-ﬂﬂf'J?ﬁ’Tﬁ"’ﬁ'u 5 2 > LiINDO; S %8 cfe ¥ Bl ::
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- ) i

TRIA BREESF R @?J di# & B Q-2 4§ St w B 48 LINDO;
B s

Bﬂaﬁgﬁﬂ#{ﬁ.ﬁ %@?ﬁ%"fr?/}ﬁ5ﬁﬁ7$% Bl
Specifications
EM508M, EM510M
Parameter
AND EM512M
Aperture: 8mm, 10mm or 12mm
Wavelength Range: 0.3-1.2um
Halfwave Voltage @ Approximately 6.0 kV static, 7.2kV
1.06pum: dynamic
Maximum Voltage: 10kV
Optical Rise Time: <1.0ns
Contrast Ratio @
> 1000:1
1.06pum:
Capacitance <5 oF
Unterminated: P
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Damage Threshold: 600 MW/cm?

Insertion loss with AR
coatings:

4%

Physical Dimensions: 35mm &, 42mm long

2-019-PC | 2-020-PC
Model Number 2-019 2-020* 2-021 2-022*

0V —»HV 0V —>HV
Fast Transition HV—-0V |0V —>HV and and
HV -0V HV -0V
HV Output, -500 vV 500V  0.5kVto55 0.5kVto6
adjustment to-3.5kV to-3.5kV kV kv
Rise Time <15nsec | <l15nsec @ <35 nsec <20 nsec
Fall Time <150
: < 150 psec <25 nsec <20 nsec
(or Recovery Time) usec
Maximum
N 100 Hz 100 Hz 5 kHz 200 Hz
Repetition Rate
Package box box box box

HVP50/80 High Voltage Pockels Cell Q-Switch Driver
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HV -0V

-500 V
to -3.5 kV

<10 nsec

< 100 psec

100 Hz

pch

0V - HV

-500 V
to —3.5 kV

<10 nsec

<100 psec

100 Hz

pcb



.
. @

bl

il & & =
&= P —— =
W | LI =]
L EEEEg : w2 S
L | Pockels Cell Driver ] g i =¥
| ) L 1
| :I b 1} L o T :I 3 :F
| | AT i | :
eea] gel
k ' x T g
e § ]
HVP 50/80

Step Pulse Generator

Output Pulse

Voltage Range 1-8kV
Maximum Output current 200 A
Electrical Falltime <3ns

Recovery Time

100 us exponential

Output Impedance 50 Q
Maximum on time at maximum

200 ns
current
Maximum Repitition rate 100Hz
Minimum Pulse Width 10 ns
External Trigger Input
Amplitude -3Vto+3V

Polarity of Leading Edge

Positive or Negative

Input Impedance

50 Q

Minimum Internal Delay

40 ns

Sync Output

Amplitude

> 3 Vinto 50 ohms
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Jitter wrt High Voltage Pulse 100 ps

Internal Rate Generator

Repetition Rate 0.1 Hz - 100 Hz

Pulse Terminating Load

(designed to correctly terminate a 50 ohm coaxial cable)

AC Impedance 50 ohms nominal
Cabinet

Volume (W x D x H) 330 x 330 x 100 mm
Weight 4 kg

Environmental Temperature

Range 0°C - 40°°C

Supply

Mains Voltage @ 50 or 60 Hz 120 or 240 V + 10%
Power 50W

Enable Input

Removal of a short circuit will prevent operation

Applications
Q-switching Q-switching Opening Times <3ns
Pulse Slicing Optical Switching Time <3ns

Cable length (50 ohm, 100 pF/m) 2m-4m

Cable Delay 5ns/m
Pulse Picking Using
4 - Terminal EO Modulator Pulse Width 10ns-20ns
Optical Risetime <3ns
Optical Falltime <3ns
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Light
|
b Analyzer
Polarized ¥
Input Polarization
Rotated 90°

Ring Electrodes

Polarizer Optical Aperture
Unpolarized Light in Electrode

Reference X

Axes

LiNbO; #s %8 crafp =7 fe4eo F Bl 97+ > A& i¢ * Pockelscell 2 # ;' E
Pk T s Q-E A 0 A E % LiNbO;3 & 48 o i& 1 LiNbO3 &b 48 e C-fh f] H_
& 3 Sfeh Porro R EL e L RIVEFH Z by - ] A & K (tilted angle) o %
B3 SRR R F RN KB RIEAS T Dk R
s-component i & k& IR A /Tk{’ﬁ PG ET%J"J@?] 41 e

@ H i p-component (PR > BT B RS K F > B AL RN £
F3L & o F ¥ PN p-component (i &k > F i Pockels cell 7 LiNbO; & %2
PF o v ¢ F - 5 Pockels cell fadhiEAL & B hip = & > § o ¥ 2 &
Pockels cell 7 LINDO; fo # 4t + B3 R BRABR M B> B g5 - B 7R
PR 0 By o EN sk KB S iE R Y BK-7 gt 4l ot ks ¢ Porro #
Eind P A 2K BHAT O B F 180°+ 76°4p im B & o F VEN 0k K
£ 548 Pockels cell 7 LiNbO3 S 88 FF > v B € 5 &3, chdp il # & o #f 1y
Bk JR¥E N — B LK (round trip) 0 U ek Ap g £

— 08— 0y +180° + 76°—5,— dy

BESRM QERFIOREMIEL &R LA/ L RS 0°8 5 2ma(m S #)-
#7120 LiNbO; & 48 e C-gh &2 § S ch Porro R BL e X RV FE - Z vy — ] A

R 5E_0.96° 4 ,]J—q\\: vAT R ¢ FE4 BK-T AT A 2 en 76%004p
(=% S
#F AP k3 H LINDO; S # > 5 %) hE L S EFE A = 90°

IR A & T Z & eh® TR E o Pockels cell 9 LiNbO; & %8 > x’f—"_'é%{ E FR
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Table 1. Electro-Optic Materials

Index of
, Transmission , Refraction
, o Chemical Bandwidth
Material | Abbreviation Range No,Ne at
Formula (MHz)
(uM) wavelength
(Mm)
Ammonium
. 1.51, 1.47
dihydrogen ADP NH«HPO: 03-1.2 to 500 106
at 1.
phosphate
Potassi
CHISSIUM 151,147
dihydrogen KDP KH-PO: 0.25-1.7 > 100 £ 0,55
at 0.
phosphate
Potassium
. . 1.49, 1.46
dideuterium KD*P KD:PO:4 03-1.1 to 350 £ 1.06
at 1.
phosphate
Lithi 2.23,2.16
e LN LiNbOs | 05-2 | 108000
niobate at 1.06
Lithium _ 2.14, 2.143
— LiTa0Os 04-1.1 to 1000
tantalate at 1.00
Cadmi 0o=2.6
Acimm - CdTe 2-16 ©1000 |
telluride at 10
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(1) 7 544 Q #+41 Coded Q-switch modulation

CHAPTER IV
LASER CODES

“The instruments of battle are valuable only if one knows how to use them.”

1. Imtroduction

a. General. Laser designators and seekers
use 3 pulse coding system to ensure that a
specific seeler and designator combination
work in harmony. By setfing the same code
in both the designator and the seeker, the
seeker will track only the energy with the
correct coding. The seeker will track the first
correctly coded, significant laser ensrgy it
sees. The seeker will atways lock on to the
most powerful return in its view. The pulse
coding used by all systems discussed i this
manual is based on PRE.

b. Designator and Seeker Pulse Codes.
The designator and seeker pulse codes use a
maodified octal system that uses the numerical
digits *“1” through “8.” The codes are directly
cotrelated to a specific PRE, but the code itself
15 not the PRF and therefore can be
communicated in the clear as required.
Diepending on the laser equipment. either a
three- or four-digit code can be set. Three-
digit code equipment settings range from 111
te 783, Four-digit code equipment setfings
range from 1111 to 1788, The three-and four-
digit code egupment 15 compatible, and any
mix of equipment can be nsed in all types of
laser operations. However, when using a mix
of three- and fow-digit code equipment, all
personnel must understand that the first
digit of a four-digit code is always set to
numerical digit “1*. The remaining three
digits will be set to match the three digits of
the three-digit code equipment. As an
example. a three-digit code of 657 would be
setto 1657 on a four-digit code system or vice
versa. The G/VLLD only allows for three
numbers to be set. Upon receipt of a 4-digit

Ardant du Picq
Battle Studies

code, the operator must delete the first
number and set the last three numbers on
the GVLLD.

NOTE: Higher PRF (lower number
codes) provide greater laser energy for
the seeker and L5Ts to receive, and so
provide a greater opportunity for
success. Lower codes also reguire
more power and so cause shorter
battery life.

c. Multiple Codes. Coding allows
simultaneous or nearly simultanecus attacks
on multiple targets by a single aircraft. or
flights of awrcraft, employing LGWs set on
different codes. This tactic may be employed
when several high-prionty targets need to be
attacked expeditiously and can be designated
smultaneously by the supported wnit{s).

2. Management of Coded Laser
Svystems

Laser codes must be controlled and
coordinated to maximize weapon
effectiveness. The joint force Operations
Dhrectorate (J-3) has overall responsibality for
laser code management. The J-3 provides
blocks of codes to each component. Each
component sub-assigns codes fo supporting
arms (eg.. Army artillery, Marine air wing,
etc.). This controlled code assignment
prevents interference among joint force unit
activities. Each component’s suppotting arm
divides its codes among ifs subordinate units.
Subordinate units assign codes to individual
mussions and change codes periodically, asthe
situation reguires. At each step of this
process, laser codes must be allocated to

IV-1
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Chapter IV

oy

Alrcralt dropping LGEs.

ensure compatibility between laser
designation equipment and munitions.
Some munitions and equipment are
incapable of using all codes. Additionally,
certain codes (low code, high PRE, and/or
faster pulse rate) are preferred for laser
systems requiring precision guidance,
Codes must be prebriefed to both the FAC
and aircrews for situations where
communications cannot be established or
authorized.

Chapter III, “Procedures,” paragraph 3a,
discusses exchange of code information
between aircrews and ground elements. This
code information is alse disseminated in
operations documents such as the aiv tasking
order special instrucfions and the fire support
plan.

3. Laser Coding in Conjunction
With LGBs

Laser coding can be used effectively and
securely with LGBs. LGB codes are set on
the bombs before takeoff and cannot be
changed in the air. The aircrew is told the
code, but advance coding mformation might

not be sent to the supported grovnd unit.
When the aircraft 13 on-station, the aircrew
passes the code to the FAC. When the use of
an LDO is required, the FAC coordinates with
the LDO to ensure that the laser designator is
set on the same code as the LGBs.

4. Coding Prioritization

a. General. PRF codes can affect target
engagement success. The lower the code
nnbet, the faster the laser pulse rate. The
lower code number and faster pulse rate will
give the seeker the most opportonity to acquire
the target in the time available, and is
appropriate for the most important targets and
the most difficult cperating conditions.
However, lower code numbers canse faster
battery drain.

L. Considerations. When PRF code
pricritization 15 possible, the target prionity and
difficulty of field operating conditions must
be considered. Technical and envircnmental
limitations to be considered when prioritizing
codes are designator location and cutput, beam
divergence, weather, seeker sensitivity, and
FOV.

Iv-2
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Coded Laser Target Designators

* Coded LTDs are ground and airborne systems that have two specific purposes. First,
they provide terminal weapons guidance for LGWSs. Second, they designate targets for
coded laser acquisition/spot trackers. Coded laser target designators emit laser energy with
a PRF and require input of specific laser codes for operation. Codes are assigned to LGWs
and directly relate to the PRF that harmonizes designator and seeker interface. The
airborne platforms having coded laser target designators are shown in Figure A-2. The
ground systems having coded laser target designators are shown in Figure A-3.

AIRBORNE PLATFORMS WITH CODED LASER TARGET DESIGNATORS

Rotary-Wing System
AH-1 W (USMC) NTS
AH-64A Apache TADS
OH-58D Kiowa Warrior MMS (LRF/D)
MH-60L (DAP) AESOP FLIR LRF/D
SH-60B/HH-60H AAS-44 FLIR LTD/R

Coded laser target designators used for terminal weapons guidance must be set to the same
code as the LGW. Certain LGWs, such as LGBs, are coded prior to takeoff and cannot be
changed once the aircraft is airborne. However, all coded laser target designators, with the
exception of the AC-130H, can change codes while in the tactical environment. The
AC-130H LTD i1s permanently preset with only one code (1688) and cannot be changed.
Terminal weapons guidance of LGBs by an AC-130H 1s possible provided this code is
precoordinated. The AC-130U has a codable LTD and can change codes in flight.
Coordination for the LTD to match the LGB code 1s conducted through the air tasking
order or FAC nine-line briefing. Sometimes, a designator will serve the dual purpose of
target designation for a coded laser acquisition and/or spot tracker and terminal weapons
guidance for LGWs. In these cases, the designator, spot tracker, and the weapon must have
the same code.

+ Weapons employment of LGBs 1n conjunction with coded laser target designators 1s
either autonomous or assisted. Autonomous LGB employment uses the aircraft's on-board
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LTD for terminal weapons guidance. Most aircraft capable of delivering LGBs can provide
on-board autonomous self-designation. Assisted LGB employment uses an off-board LTD
for terminal weapons guidance. This 1s typically accomplished by a ground team operating
a designator (such as a G/VLLD) or by another aircraft (known as "buddy lasing").
Assisted LGB employment 18 often required by aircraft without on-board LTDs (such as
A/OA-10s or AV-8Bs) that cancarry and deliver LGBs but have no on-board terminal
weapons guidance capability.

* The OH-58D Kiowa Warrior 18 equipped with LTDs. The AH-64A Apache also has an
LTD, but it cannot acquire or designate (lase) a small segment of laser codes (1711-1788).

* The USMC AH-1W possesses an LTD compatible with all LGWs, including
HELLFIRE missiles.

¢. Coded Laser Acquisition and/or Spot Trackers

+ Coded laser acquisition and/or spot trackers are systems which allow visual acquisition
of a coded laser designated target. LSTSs must be set to the same code as the coded laser
target designator 1n order for the user to see the target being designated. In the case of
airborne LSTs, the aircrew acquires the laser designated "spot" (target) and either employs
LGBs through use of an LTD or executes visual deliveries of non-laser ordnance. The
airborne platforms having coded laser acquisition and/or spot trackers are shown in Figure
A-4.

The OH-58D Kiowa Warrior and AH-1W, SH-60B and HH-60H do not have "true" LSTs.

However, if these aircraft are carrying HELLFIRE, the missile can provide some target
cueing. The on-board HELLFIRE missile's seeker head sensor provides target symbology
in the cockpit display of what 1s being designated by the helicopter's on-board coded laser
designator or any other laser source.

 Codes. The laser designator and the LGW on the helicopter must be on the same
code.

HELLFIRE LGM codes can be set or changed from the cockpit, allowing the
aircrew to match the ground laser designator's code. LGM designator coding is
important because it prevents the seeker from homing in on other reflected laser
energy.~ Laser-Target Line. The laser-target line must be given to the aircrew in
degrees magnetic.
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(U) Figure A-G-1. OH-58D Mast-Mounted Sight (Army)

OH-58D MAST-MOUNTED SIGHT (ARMY)
Description: MMS is an electro-optical system mounted
above the rotor system in a gyro-stabilized
turret incorporating a low light-level television,
digital thermal imaging system, and LREF/D
Function: Sight system 1s used to detect and 1dentify enemy
targets while the aircraft 1s masked
LRE/D 1s used to locate targets utilizing either
GRID or LAT/LONG, self-lase its own weapons
or designate for all US or NATO standard LGWs
Platform: OH-58D (I) KIOWA WARRIOR
Employment: Employment: Provides day, night, adverse-weather
target detection and identification
Employed as a scout or as light division attack helicopters
PRF Codes: Four Digits
In-flight selectable
System-Unique Capabilities: Tracks stationary or moving targets manually or
automatically
Automatically points to 8 digit or LAT/LONG
orid for target acquisition
Incorporates digital communications system
(ATHS) interface with artillery and LONGBOW
APACHE (IDM)
Limitations: As discussed in Chapter II, "Planning Considerations,
" for laser designators
Field of View: Ranges from 2 to 10 degrees depending on the sight
and magnification selected

Figure A-G-1. OH-58D Mast-Mounted Sight (Army)

(V) Figure A-H-1. AH-1W Night Targeting System (Marine Corps)
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AH-1W NIGHT TARGETING SYSTEM (MARINE CORPY)

Description:
Function:

Platform:

Employment:

PRF Codes:

System-Unique Capabilities:

Limitations:

Field of View:

Laser designator and rangefinder with FLIR,
direct-view and Coupled Charge Display sensors
Same as description
AH-1W
Provides day, night, and limited adverse weather
target ranging and laser designation capability
Used to engage point targets with TOW or
Hellfire missiles
Four digits
In-flight selectable
Tracks targets manually or automatically
Can launch using direct or indirect methods
No Air Data Sensor to automatically optimize
FLIR picture
Ranges from 1.0 to 30 degrees depending on

the sight and magnification selected

Figure A-H-1. AH-1W Night Targeting System (Marine Corps)

U) Figure A-S-1. AGM-114 HELLFIRE Missile (Army, Marine Corps, and Navy)

Description:

Function:

Platform:

Employment:

PRF Codes:

System-Unique Capabilities:

AGM-114 HELLFIRE MISSILE (ARMY,
MARINE CORPS, AND NAVY)

Third-generation air-launched, antiarmor,

laser-guided missile

Used in conjunction with a ground or airborne

laser designator

AH-1W, AH-64, OH-58D, SH-60B, and HH-60H

Employed against armor or other hard

point-type targets

Autonomous designation or "buddy lasing"
for other launch platforms

Four digits

In-flight selectable

Can launch using direct or indirect methods
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Can employ single, rapid, or ripple firing techniques

Seeker lock-on options are LOAL or LOBL
Limitations: As discussed in Chapter 11, "Planning

Considerations," for all LGW's

Only AGM-114 B/K missiles are authorized

aboard Navy ships

Figure A-S-1. AGM-114 HELLFIRE Missile (Army, Marine Corps, and Navy)

a. General. Laser designators and seekers use a pulse coding system to ensure that a
specific seeker and designator combination work in harmony. By setting the same
code in both the designator and the seeker, the seeker will track only the energy with
the correct coding. The seeker will track the first correctly coded, significant laser
energy it sees. The seeker will always lock on to the most powerful return in its view.

The pulse coding used by all systems discussed in this manual is based on PRF.

b. Designator and Seeker Pulse Codes. The designator and seeker pulse codes use a
modified octal system that uses the numerical digits "1" through "8." The codes are
directly correlated to a specific PRF, but the code itself is not the PRF and therefore
can be communicated in the clear as required. Depending on the laser equipment,
either a three- or four-digit code can be set. Three-digit code equipment settings
range from 111 to 788. Four-digit code equipment settings range from 1111 to 1788.
The three-and four-digit code equipment is compatible, and any mix of equipment can
be used in all types of laser operations. However, when using a mix of three- and
four-digit code equipment, all personnel must understand that the first digit of a
four-digit code is always set to numerical digit **1"". The remaining three digits will
be set to match the three digits of the three-digit code equipment. As an example, a
three-digit code of 657 would be set to 1657 on a four-digit code system or vice versa.
The G/VLLD only allows for three numbers to be set. Upon receipt of a 4-digit
code, the operator must delete the first number and set the last three numbers on
the G/VLLD.

NOTE: Higher PRF (lower number codes) provide greater laser energy for the
seeker and LSTSs to receive, and so provide a greater opportunity for success.

Lower codes also require more power and so cause shorter battery life.
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c. Multiple Codes. Coding allows simultaneous or nearly simultaneous attacks on
multiple targets by a single aircraft, or flights of aircraft, employing LGWs set on
different codes. This tactic may be employed when several high-priority targets need
to be attacked expeditiously and can be designated simultaneously by the supported

unit(s).

(V) Paragraph: 2 Management of Coded Laser Systems

Laser codes must be controlled and coordinated to maximize weapon effectiveness.
The joint force Operations Directorate (J-3) has overall responsibility for laser code
management. The J-3 provides blocks of codes to each component. Each component
sub-assigns codes to supporting arms (e.g., Army artillery, Marine air wing, etc.). This
controlled code assignment prevents interference among joint force unit activities. Each
component's supporting arm divides its codes among its subordinate units. Subordinate
units assign codes to individual missions and change codes periodically, as the situation
requires. At each step of this process, laser codes must be allocated to ensure
compatibility between laser designation equipment and munitions. Some munitions
and equipment are incapable of using all codes. Additionally, certain codes (low
code, high PRF, and/or faster pulse rate) are preferred for laser systems requiring
precision guidance. Codes must be prebriefed to both the FAC and aircrews for
situations where communications cannot be established or authorized.

Chapter III, "Procedures,” paragraph 3a, discusses exchange of code information between
aircrews and ground elements. This code information 1s also disseminated in operations

documents such as the air tasking order special mstructions and the fire support plan.

(V) Paragraph: 3 Laser Coding in Conjunction With LGBs

Laser coding can be used effectively and securely with LGBs. LGB codes are set on
the bombs before takeoff and cannot be changed in the air. The aircrew is told the
code, but advance coding information might not be sent to the supported ground unit.
When the aircraft is on-station, the aircrew passes the code to the FAC. When the use
of an LDO is required, the FAC coordinates with the LDO to ensure that the laser

designator is set on the same code as the LGBs.
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(V) Paragraph: 4 Coding Prioritization

General. PRF codes can affect target engagement success. The lower the code
number, the faster the laser pulse rate. The lower code number and faster pulse rate
will give the seeker the most opportunity to acquire the target in the time available,

and is appropriate for the most important targets and the most difficult operating

o a0 o

conditions. However, lower code numbers cause faster battery drain.

b. Considerations. When PRF code prioritization is possible, the target priority and
f. difficulty of field operating conditions must be considered. Technical and environmental
g. limitations to be considered when prioritizing codes are designator location and output,

h. beam divergence, weather, seeker sensitivity, and FOV.
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The Risley prisms are set so that their total dispersion has the same magnitude as the

atmospheric dispersion, with an opposite direction.

Risley prisms to correct for the atmospheric dispersion.
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Possible ADC designs
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Figure 1. Flattened layout of optical system between a transmitter and a detector stage.
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Risley prisms arce classical optical devices often vsed for stcering optical beams. Their
principle of cperation is the angular deviation imparted te an optical beam that passes
throuzh a wedee shaped (prism shaped) piece of optically transparent material. The amount
of deviation i¢ a function of the wedge angle of the prism and the index of refraction of the
malerial. Prismn pairs of similar geometry, when aligned with each other will donble ihe
deviation angle; when opposed, they cancel the deviation. Thus a beam can be stecred from
the zenith (no deviation) o some angle off the zenith. By rotating the prism pair as a rigid
body, pointing in azimuth can be accomplished. The combination of prism-to-prism
orientation and locked rotation of the pair allows for complete flexibility in terms of
printing the Taser beamn anywhere within a solid cone angle.

PRISM PAIR ASSEMELIES

AR BEAM DEVIATION SINGLE PRISM
ANSFMB ¥

INCTMIMNG AF AU ZERC EEAN DEVIATION

IMCCOMIMNG BEAM

_— AMGLE
ENCODER

S1EEHED H=AM ETEERED ZEAM
The ligure above ilustrates (he manner in which (he separate Totalions of (wo opdcal prisins

(or optical prism pairs) can be employed to steer a beam continuously within a cone of
angle rthat is determined by the individval prism angles. and the refractive index of the
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material of which they are made. The relative angular positions of the two prisms
determines how far off axis the beam is steered, and the azimuth angle of the pair of prisms
determines the azimuth angle in which the beam is steered. A range of materials is
available which allows for optimization of beam steering optical characteristics

PRIZM FAR ASSEMBLIES

MAX BEAM DEVIATICN SIT;LE;:II_S‘;N
INGOMING SEAM ZERO BEAM DEVIATICH ]

INCOMING 3EAM AMGLE
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Nd:YAG Lasers : Neodymium doped Yttrium Aluminum Garnet (Nd:Y3Als013)

YAG

YTTRIUM ALUMINUM GARNET LASER MATERIALS
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Nd:YAG Crystal Device Specifications

Md Concentrations Available 0.2 to 1.4%

Standard Rod Dimensions

+ Diameter 0.5 mm to 15.0 mm
+ Length 1O mm to 220.0 mm
+ Slabs Miniature to large configurations

Laser Rod Specifications

Transmitted Wavetront  Standard Grade Premium Grade

(per inch of rod length) /8 A20
+ Extinction Ratio Greater than 25 db

+ Surface Cuality 10/5

+ Clear Aperture 95%

+ Parallelism =10 arc seconds

+ Perpendicularity =5 minutes

+ Surtace Flatness 210 @ 632.8 nm

+ Barrel Finish Ground or Paolished

+ Chamtfer 0,13 +/- 0.08 mm @& 45°
+ Diameter Tolerance +0.0, -0.025 mm

+ Length Tolerance +- 0.5 mm

Configurations

+ Flat/Parallel

+ Tilt Ends

+ Radius Ends

+ Brewster/Brewster Ends

+ Slab Designs

+ Palished and Grooved Barrels
+ Diode Pumped Mini-rods

+ Custom Geometries

FE A DRG0 R4

Feedback Mechanism

JoLp (MH)

S04
BUIUSUBL] AEiEo

E_ Qutput Coupler (OC)

‘:?,. \
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5

2

o

2 A .

Excitation Mechanism
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HR Laser Resonator consists of Lasing Medium (gas, ocC

High Reflector e : ; Output Coupler
(Totally Reflacting) liquid, or solid) between HR and OC Mirrors (Partially Reflecting)
® 0,2 0 %00 80%06,96%0%00,86
1 5. 8 & Bg 8 _og%g% gTeg®,00
©, 09880 ¢4 % % 5 0% en_0 @ 0", ®
AGGOG ® LB et 9 @ ] 'n_,_O\' 2 @
o o "® %" & 8%e ee @70 Ogo Legend:
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PullrlnplIJE:'erfy jEfCInial:llochlfTT?lIftc.:I W sy i
0 2, % 0a" P aq 0"t u P 0 00 00 g DL
. @8 @ Tap » . ™ *_%_ 8 g w Spantaneous
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{3".“‘. '*.. l*"Oi’t t.j m" Emission
L
® ..." o G*"Q *® ‘**..'. - Slirmulated
2 PopLlation Imversion v Ermigsion
The © are
3 - atorns, jons,
(R * - # ar molecules
*® [ i
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=it i i S - lasing medium,
Spontaneous Emission, Start of Stimulated Emission g
i \it.‘*o.ﬁ GQ'"O‘D.‘*O.QU*’
4 i
g 2 * ., W
o 257 %0 e 00, %05 e te ve,
Stimulated Emission Building Up Laser
B Beam
L L ™ o L] - %
. . * L‘ e o 2 .-.-.-.-.--.-.-.-.--.-—lg

Full Stimulated Ermission, Coherent Laser Beam Generated

Basic Laser Operation
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LASER QUTPUT POWER —

Conventional laser mﬂig?l » 2N g R R 5B o
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http://www.stockeryale.com/i/index.htm

& E O R REE B 5T 8

Eye-Sofe Loser Rangefinder for Novy application.

Eye-Safe Laser Rangefinder for Mavy application.
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LR

CRI S0V b S 31 IV VERT CHI ¥Emvin A S ALimY VERT
#ik: v HRS = GBI HRS
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(d) (ed'y

The Q-switched pulses and the Q-switched mode-locking pulses
passively modulated by the plastic dye sheets, the LiF:F,
crystals, the Cr*:YAG and the Schott RG1000 color filter glass
are shown in (a), (b), (¢), (d) and (a’), (b’), (¢’), (d°)
respectively.
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AP ey S

7 Stk & 4 F1 B (Spectral shifting)

1. § g

3. sy

T &% E 3+ # s (Temporal modulation)
1. Q-switch (Q-#* #] > ns > nanosecond pulses generation)
2. Mode-locking (4" #i&= » ps » picosecond pulses generation)

3. Ultrashort light pulses generation (32 &"% br& #

femtosecond pulses generation )

T Stic B % # F 3 4 Fs(Laser amplification)

1. Laser amplifier
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@ 8
(1) 2§58 CW
(2) Quasi-CW : KHz

(3) *% @7t ¢ 1s(10™s) > ns(107s) » ps(1072s) » f5(107" s)

e R P o A B CW o Quasi-CW > 125(107%) > ns(107s)
Streak Camera > ps(107' s)

Auto-correlator > fs(107"° s)

1. Q-Switch(Q 3 +#] ; ns pulse generation)

® L%
® o # ;% ! Rotating mirror
E-O switch » LiNbO;
A-O switch
® %5 ;% ! Saturable Absorber
1. Dye sheet : saturable absorbing dye in cellulose acetate form
2. Color center crystals - LiF : F,
3. Saturable absorbing crystals : Cr™ : YAG » Er” : Glass slab
4. Saturable filter glass : SCOHOTT RG1000 ionically colored
glass

5. Semiconductor : GaAs @ InP
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Absorption spectrum of Nd:YAG
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Uptical density
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0.3 D.4 0.5 0.6 07 0.8 04

Flash lamps
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1 Laser rod 4 Lamp power supply
2 Lamp o Reflective elliptical

3 Resonalor mirmoss cavity

1,3.8,12 - fasteners

2 - lamp end cap

4 - lamp pressure plate
5 - flash lamp

6,11 - O-rings, silicone
7 - pressure washer

9 - plate

10 - rod pressure plate
13 - rod
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Wallage (o L0 £ Laser palse (arbitranly scale)
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Time ( x 10 us)
Laser pulse vield by slowly opened switch Laser pulse vield by fast opened switch
Qutput energy E,=63m] E=489m]
Beamn divergence 0437 mrad 0.6 mrad
Laser pulsewidth (FWHM) 18 ns M ns
Qutput peak power IS MW 145 MW
Light beam
45°
Analyzer
l}' Pass
direction
o —
Voltage ’
il BV A
g Modular
45° / element
Pass
direction '\'I

ra

Polarizer
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Mid<Srirared ard
Far-Infrared
i 148060 mmed i)
aired

Middle-1Mrawso e
i 180 nm<315 nm)
Raadiariion

FOR WAVELEMOTHS THAT FOOUE ON THE RETINA {300 T 18050 nimy)

THE PTG AL JAIM OF THE EYE 15 ABOUT 104,000 TIMES

IF THE IRRADIANCE ENTERING THE EYE IE 1 mW / om®
THEN THE IRRADNANCE AT THE RETIMA WILL BE 100 W/ cm®
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S % Laser output
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left laser rod polarization Pockels cell right
Porro prism beam splitter Porro prism
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v 1L @] (Front view)

2] 4R ] (Side view)
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T AR B](Down view)
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v 41 @] (Front view)
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2] 4R ] (Side view)

T AR Bl(Down view)
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v 41 B] (Front view)

fa] 4. B (Side view)
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T AR B](Down view)
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TM 9-1260-479-30 Figure 1-15. LTD System Block Diagram 1-16
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TM 9-1260-479-30 Figure 1-15. LTD System Block Diagram 1-16
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Figure 1. Rapid Charger block diagram
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Chopper charging to high voltage PFN
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Simulation of the chopper
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wait For
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A=
[
stop G2, G2
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stop {H,01° stop Q1,01'
|

'@ start (22,02

Flowchart of chopper charger control
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Fast high voltage transistor switches - model series HTS, Behlke Electronic GmBH, Germany

The charge takes place after each discharge of the PFN. This is a no command charge (diode instead of
a switching device) or free running charge. The repetition rate is dictated by the charge choke, the
PFN-capacitors and the delay to the discharge command. During that time there is a certain voltage
drop by the leakage of the PFN, so the repetition rate is adjustable only within a small range.

To stabilize the PFN unit a de-Q-ing system has added[1] on a secondary of the charging choke.
Whenever the correct pfn-voltage has attained, the de-Q-ing thyristor has triggered and the stored
energy of the charge choke has stored in the capacitor and dissipated in the resistor. Hereby it provokes
a voltage drop on the charging device which blocks the pfn-voltage. To reach a stable voltage on the

PFN, the de-Q-ing system can be triggered on the bases of;

Power-supply level.
To change the PFN-level we had to change the power supply level. The de-Q-ing go

with it and dissipate only the ripple of the power supply.
Minimum and maximum delay after the start of charging.

A too short delay means high dissipation in the de-Q-system, so the power supply
level has decreased to keep the PFN level by a reasonable dissipation.
A too long delay means no de-Q-ing, so no stable PFN voltage, so the power supply

level has increased.

In the example the charge time is about 1ms. The manufacturing of chokes is laborious. Chokes are

dissipating elements too but are stable, robust and reliable.

@_m
vy BN B

T

£}

;

A line-type modulator with resonant charging.
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current

time

Simulation of resonant charged modulator with de-Q-ing.
G.N.Glasoe, L.V.Lebacqz, "Pulse Generators", McGraw-Hill 1948

Resonant charging by command

To explain a resonant charging by command there is chosen for a complete solid state module as used
in the MEA-modulator [1].

L
w (YY)

A solid state linetype modulator module

In this modulator the module is used with a cycle pulse transformer. In this design is used a command

charge system and a non-dissipating level system (SLS = Stabilizing and Levelling System).
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Just before a pulse the charging of the PFN takes place. The advantage is that there is always the same
leakage during a short as possible time. This means a more stable output then a free running system
independent of the repetition rate.

If the PFN is charged to the right level the SLS-thyristor is triggered. After triggering of the
SLS-thyristor the remaining energy of the charging coil together with the nominal charge is stored in
the capacitor of the SLS-system. The charge switch is not conducting (anode lower voltage then
cathode) and afterwards the energy is stored back in the main power supply by the diode/thyristor. In

such a case a not regulated power supply can be used because there are only transfer losses.

1.6 + Wels 180

1.2 T T70

! | 40

-
}..
m
O
voltage

current

- 20

simulation of a resonant charge system with a SLS-sytem
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Solid state line-type modulator module

45kg, 125x60x20cm, 1000V-500A-50us pulse, rep.rate <SOOHz

P.J.T.Bruinsma, E.Heine et al., "An all solid state line-type modulator", IEEE Trans. on Nucl.Sci. NS-20 1973

AREHPBL ) ELE

Available power outputs are:

s« 500]1/sec

» 1500]/sec
= 2000])/sec
» 3500 sec
= 4000]/sec
«  6400]/sec

Output voltage up to 15kV
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Lumina Power Capacitor Charging Power Supplies

Model Poutyay Voutga: Input Input Size Wt
Shoebox Style Voltage Current
CC-500-30X 5007/ sec S'IU;::?LEC 554 @ll5VAC 12%x =35 B Ibs
CCPF-1500-2C 15007/ zac St ! S0-264VAC 154 @115VAC 125" x4 7" w 4" Blos
CCPE-3500-2C 35007/ sec 4;‘-" 180-264VAC 204 @2I0VAC 4" x 55" x 67 12 Tos
CCPF-2T00-300* 27000 zec 180-264VAC 15A @220VAC 14" % 55" % 6" 151bs

* Inclndes mtemal simumer supply and +24 awsaliary output

C]l::lioi.? glt_v]e Foulmer || VoUlmaz \'1:1}::; e an.-E:::u S W
CCPF-2000-XX 2000 /see e 1A@2OVAC | 19°x175°x35 | 20Is
CCPE-4000-3 40007 /z2e 500V 180-264VAC 234 @220VAC 19721757235 | 20Tk
CCFF-5400-30 64007 zac 41»?‘-’ 36A @220VAC 19" x17.5"x 5" 25 Ibs

CCPF Capacitor Charging Power Supply

alt Swiiching NI
Fawer Fontar Corcen e ETaT Isazhior
Dzcat mewrw Faacrort reare + 0t

AT

=Dt

Mgy Ewwai gl Central
Fraw

acte Trive [TEEeey

Epmlcry
Frent Suppd

Coatrad T =1

L e
% VOLTEGL PROGRAE

| ———————— % woLTacr wowTDR

Umie inteifaze | oUT TR L

b ONERVRLTALE BTATUS

D END OF CHARGE STATUE
 GRD

SV

Pro Ceebrsl
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3. Pulse forming network

The circuit ilustrated below shows the simplest network. L, Cs forms a2 resonant
circuit, which is damped by the tube.

D i 4
4K:|7
- : -
L
Ce T
a— -
t
Single LC fnk
The reversal of current can be suppressed by a diode D. In comparison to the
free capacitor discharge, the current rise and peak current ina are reduced.
By using multiple LC links, an almost rectangular discharge pulse can be
obtained.
L L L i A
Te e e
i % 1 rt

Muftiple L, C links

AREAIT PR ERT b g 2 RF TR RS B RE
7% e A5 7 B Pulse Forming Network PEN » (il 2 @ % ~ T % PP B S8 iE »
A R PR R R A T RN R o AT AT R AT FEF R
b chf® Bk e A5 F B ehls & o ARIT I - 3 kAl Pk chk AR
B EE R O A
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{a) Output current waveform (I{r2)) and current in each capacitor
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(b) Output voltage waveform (v1) and voltage on each capacitor

Figure 4. Individual capacitor discharge waveforms and resulting PFN output pulse.
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FoREEMFAE DR -
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Cable to Fllashlamp Inductor

Pulse Forming Network
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YRk R (e A B Pulse Forming Network PEN - ek A 42 ) -
kg Rl o 12 SREs T L o

Fig.29 Simple pulse lamp driving circuit

nductanca (L)
Y Y Y Y\
o’ —— Anode
P
supply = Lamp
Capachor (C) -
= Cathods

Fig.32 Recommendad and maximum simmer

currarts
haxdim um
Bore slze Recommendad recommeanded

mm cumant cumant
34 100mA S00mA
56 200-300mA 1A

78 GO0 1000mA 44
813 12A 4A

Fig.33 A basic drive circult for squars wave pulsing

| —_—
Elscionic safhch
4+
[]
TEngtarmey
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Fig.35 Pulsa lamp operation

Bora Ko/mm Kax/mm Max.racommeandad power/mm

e Kr Convection Forced Fuid
3 0.426 0.415 36 1.41 282 18.85
o 0.320 0311 S84 1.88 aTr 2513
5 0.256 0.249 1230 235 4.7 34
6 0.213 0.207 1476 2.82 5.65 37.89
i 0182 0477 1719 329 B8.59 43.98
B 0160 0.155 1968 78 753 50.26
8 0142 0.138 2217 4.24 8.48 56.55
10 0128 0.124 2467 47 0.42 62.83
1 0116 0113 M7 518 10,38 60.11
12 0106 0.103 2870 5,65 11.30 76.38
13 0.088 0.085 3199 &i2 12.25 81.68

Fig.36 Fuid-cooled pulse lamp recommended physical dimensions (mm)

/3-1311'11 I /515 0D nom.

4@%::='==== ——
Tlel| J Lae

Ly +2022

S or& 00 nom 2ord D
L / A

4T de__ D SRS —

_f|5|__ P st
. Ly +50+ 2

Fig.37 Air-cooled pulss lamp recommendad physical dimensions (mm)

_L /E‘-CIEIncrn. /SODn-rn. /SID

it E— - p—
L 12 |._ | tat15 .’ ‘
La+70+ 2
475 dia. for 8 CD -15 00 nom. 413 1D
I?'Idu:iﬂfa'?mdat-:ua /
=$§l [ f——
T__ . |__ | Lyt 15 IJ ‘
La+702

YA PRk R s A5 § B Pulse Forming Network PEN » ¥ 38 2 3 % ~
TREMEGE= B gl 5 e o e Ad T RN g L1 2
TR oA P AT G PS4 v AR RGP - R RS i
PR LRTR e R PER - AP R E LR ER T A

R
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PofeR R EX )T RFED B Gk o
OPTIONS 8800-3.5 £800-T
10uF -10 -0

E;L‘* o 25uF (STD) r'sfm ?‘f:}

acitor -

Va e ?gﬁfp NiA -100
150uF NiA -150
€0yH (STD) o0 B0

PFN Inductor a0uH -80 -&0

Va e 100xH -100 =100
2100 1o 300uH A{value) value)

— e

- S00w -2 -2
T750W -3 N&
15000 MNiA -b
25000 Ni& -10

Charpe Voltage (up to 2.bkV]

&g 1500V <va el {valug

Simrrar 120maA [STD) -5 -5

Output 180mA -55 -55

Current 300mA -SX -,

Tnput Voitage 110VAC, 10 < “
230VAC 12 D 4

TRA ERT SRR R T AR G BT o

Laser rad

Punp chamber
Flashlamp

HR
[

N\

I £ 1

I Simmer Supply I
| ]
_T i
2 Pulse

Forming
Metwark

Capacitor
Charging
Power Supply

B Tax® —~O0D

=0
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T;.Jpﬁ#ig\ )
At E f A R
I,[%”%E& ’ _ﬂ 4(?‘;’%25_&. ’ 757_\

PFN 5o PFN 100 PFN 100D PFN 5ooD PFN 10k PFN 20k D
Fep. Rate single-shot | Single-shot | Single-shot
to o Hz to o Hz to 10 Hz Single-shot | Single-shot | Single-shot
Pulse Energy | 5ol 100 ] 200 750 1 12 kJ 24k
Pulsewidth (3t)| 212 ps 300 s 300 Ps 300 s 400 s A00 Ps
Voltage (max) | 1500V 1R00 W [{=l=RY 2.8 kW 7.8 kv 7.8 kW
simmer 1200 VDC, 100 mA Mot Simmered
Dimensions 215" Lx1g" W x 875" H 215" Lx 19" W x 105" H 2" L "W xgo" H»
Input Trigger TTL 52 02
Power 200-240 VAL, to/6o Hz
d LCE 4000 )
Fepetition Rate ooog to go Hz, adjustable in 0001 Hz steps
Interlocks Cooling, laser, user-designated
Fast Qutput Triggers 2 independent (front panel BNC)
litter troo ps relative to Pockels cell trigger
Adjustable Delay t5oo ns relative to Pockels cell trigger, 0.5 ns steps
Slow Qutput Triggers 2 independent (front pansl BNC)
litter 200 ns relative to each other
Adjustable Delay otozmsintms steps
Dirmensions 215" Lx 19" W xg.2g" H
& ™
LCS 3000
Capacity 2 gallons
Regulation +0.2° C

Flow Rate (unrestricted)

»2 Gallons per minute

Flow Switch I nterlock Rate

af Gallons per minute

Dimensions

215" Lxig"Wx 7" H

Powwer

200-240 VAC, o/bo Hz
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0
0 10 20 30 40 50 &0 70 80
Time ( x 10 us)
Laser pulse vield by slowly opened switch Laser pulse vield by fast opened switch

Qutput energy E;=63m] E=489m]
Beamn divergence 0437 mrad 0.6 mrad
Laser pulsewidth (FWHM) 18 ns Mns
Qutput peak power IS MW 145 MW

THEE G RF DB FHQAHTRTEE WD RS
Pockels Cell Q-switch Driver

DGUTEUT

T EHBOPEEES T APRE Y RV ISFIAN  ARE R
F(10-25Hz) Q-A 415 s ch3 BRR BT ASFE E o

Provisional Specifications:
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Parameter

Value

Repetition Rate

0 to 100kHz in five decade steps by internal or external generator

Output Voltage

+200 to +2,000V adjustable with visual display

Output Pulse

The standard system generates a positive going step function above
zero. The generator can also be supplied giving a negative going step

from the set HT level down to zero for quarter wave switching

External Trigger In

+3.0 to 10.0V min. 10ns f.w.h.m. into 50Q

Synchronization

Output

TTL approx. 30ns after trigger

Overload Protection

(1) Repetition rates above 100kHz
(2) HT Current above 25mA
(3) Output stage fault overload

Protection occurs by automatic removal of the HT supply which can be

re-instated by the reset switch

Power Input

Universal 90 - 265V a.c. 47 - 440Hz via fused IEC inlet

Dimensions

150(h) x 250(w) x 330(d) (mm) Mass: 6kg

Step Voltage at End of an Open Circuit 50Q Line

Maximum Maximum

50W co-axial cable ] ] ]
| H Rise-Time Flat Top Fall Time Frequency at |Voltage at
engt

? 2kv 100kHz
125mm 5ns 175ns 400ns 80kHz 1,700V
250mm 5ns 160ns 500ns 66kHz 1,500V
500mm <7ns 150ns 700ns 50kHz 1,300V
1,000mm <8ns 120ns 1,000ns 40kHz 800v

Foba e AR BRB T R PO RBE L %Y o

176




+24V

22.5 kil J—
Pockals
200k0 1 = 220 pF D cell
1 1uF Krytron T~ T
Trigger —] 100 =
pulge ¥ 2CRH
2NZIZ5 -
51010 —— -2kl
SnF
Modulaios
| ;l I
Lasar il [ >
Polarizing Polarizing
prigm pigem L
Porwnisr
Poser malar
supply
Light beam
Analyzer
V Pass
direction
.f“/ T
Voltage !
o Modular
45° / glament
Pass ‘\]
diraction

ra

TRE THQAYT AL LB BARESHTE - R EBR

Polarizer

HApE B 2 IR T s PR R A o

177

=2
a3



IC Power Connection and Bypass Capacitors

Ul ((NESS5)#5 = Pin 8 GND = Pin 1 C6
U2 (74LS00:+5 = Pin 14 GND = Pin 7 C7

SV
. U3 (74LS74%+5 = Pin 14 GND = Pin 7 C9
Rl
220 45V Iw j:w Iw
It % i i i
& 0-Syitch W W L
~a Active ° R = = =
TR Q
0-Switch
Magnetic IS "
Pickup E%K 5V THR 7805
U1 +v — | 45V
2N3904 1CulF NES55
1 c3 c4
— = = — DluF 10uF
R6
5V 9
10K uza 10 U2B
4 741574 741L.S74 =
R7 R8 D D
0K 1ok 2 1p R gl?® ©2lp R g ?
TRGIN- 8
N _ 1 _
g ol 0SEBL-L " ke 0.5 0K @
Off QSEBL-H
= |
H4V g Q-Syitch
Mator
%Sw ﬁ Drive

74LS00 74500
U3C

9
>O 8
1Le .
= (-Syitch CSERL-10

A Poyer 741500

Q-switch power supply

THRA L ADQAHIT HNFEHR > 2 kI G e AR

M, (B=100%) i _ 1 M, (R=85%

’ ! cooling system -

E| | ;|

o ——) ErYAG rod [

1 1

! ¥e flashlam 1
] | - | i HR(@2 94um

T pyroelectric
- ; detector
switchig it power supply

Fig. 1. Expenimental set-up of Poclels cell Q-switched Er¥Y AG lager.
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Fast Pockets cell

Fast Pockets cell : LASERMETRICS 5046E
Optical material : KD*P

Optical rise and fall times(10 to 90 %): < 3ns
Optical pulse width : <10nsto 1 £ s

Jitter, system input to output : <lns
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Coded Laser Target Designators

® (Coded LTDs are ground and airborne systems that have two specific purposes.
First, they provide terminal weapons guidance for LGWs. Second, they
designate targets for coded laser acquisition/spot trackers. Coded laser target
designators emit laser energy with a PRF and require input of specific
laser codes for operation. Codes are assigned to LGWs and directly relate to

the PRF that harmonizes designator and seeker interface.
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Laser Q-switching techniques
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thin-fiim absorber * Simple and fast-opening Q-switch
for single shots

z - —F
z E ] * Not very practical for repeated

shots.

ERiErQ-A 413 Malin v i 4™y 3 B EEBEFF o0 5 T HEIRE
Penk 3o Ng 5 A F K Na 57 &fosJe A LR F 35 Na0 5 Na

H s S gg = Vig 3 B ATERFE S > B qg 2 F A Mo &
B iga=1/ta 5 VS TR ORLP E T o ta PG T Aot it &l
Rp 5w 5 > ge 5 G5 oPEp vk pdE S - Kg 2 Ka 585 Tidic>
H P Kg=2sg/trAg ; Ka=2sa/trda > sg 5 7 ¥t f a6 ff 5 sa 5 7 &2 fox
YR A S fe B a ffor 5 X5 & :”er’i PEPREH > Ag 87 Aa A W] G T R
WEHLBET Ao T PR G L ST A il s iR e FEA
e g ffant B oo

APEY S FSEH O KAEKTT T M AT AR BELTE C5% o 50 A
PRI G AR E S e AT HRAAZ BB AP
BqE % fﬁfﬁ%}”"ﬂ/? RFZPUTHNEERRF FLPFEARRLIL LT
R ECE T UL FHBEL T G ORE o

TAHRSE RN V35 ¢k B '@l“’#’“rﬁrﬁgj TR 'J'izﬁ Kk BB R
fs i%"’%ﬁﬂﬁiﬁ—%ﬁa,u,a*sfnzggl TG ORE o Hp T % @,@l
BPIR e 35T Bk 1P F i & & PIN detector » C30807 % C308087'o AR
WA B BLRF 2 pRFAFHLTR %ﬁ’ﬁkﬁ%£:@m$
el b g HEY WL F - AT GG SR RIF EF 5 PIN

205



detector » C30807 % C30808 -k T |- &t ~ 2 » ¥ & £ RIPIEET $7% 2 &
§IGHIREEE o PR PR GRBRE RIS L T TR T8
it F BRI TG o T RRNA AP HE O RRET I RBI
4 T RE R

£F T - APT U FIGHERBRRRG L T RAT AR E T
PRRET R SRR RIT AT c 2 EA PR RED T AT RRG
Bt RBET D REI G OTREL  ERRY o002 p W ARG
NERE A K - BRERBEHERKRESRY

206



THRRIRS B AT %R E 0 LEHERT MR B RIGE T g T
50 ns ~ Sus ~ 50us HHEE T B BLhE R o

207



TRG +0.0div HORH

(o E=VF} ]

== _'-—_' .

208



T™Ma 0 .08 iw

e p WE R R E > HER L RIEEZ #5351 1.06pum laser § 5 0 50Q
impedance ™ fiz > o AR ELA A BAEFE A 45 0 Bt A D19 20ns PR A o 4o

Bl #rT o

14

Tek SR S0.0MS:;S 2 Acqs .
q T
I i i
L' ' - Hch Coupling
1l Impedance
LR S it
990ns DC
Unstable
histogram
........................... AC DL
GND#
S o Q
: : : : . : . . . ]
w1l Eandwidth F'.L,'begséabl,e Position | Offset | Deskew | Cal Probe
e Full div —2.64 div av s initialized

209




fELE St BRI E 0 20051003 £ i) MMS § o e d1 o5 ik 4] > o 203k
< BAFE A 49 0 B A4 15 20 ns AR R A o

e B g A

L&

210



211



A ERFREOREE R Y=k
AT AR R R S g st AT ﬁam'rﬁ%ﬂzﬁmw’ %ﬁww %
THAT % B AR F TR S #
=

FHBEL NG RE

ET-3000A > 1.06um laser » 50Q impedance °

Tek 2.OUGSf’Fs 9 Acqs

] e

C1 +Width
15.50ns
Unstable

histogram

W 25.0Rs Ch1J  7.6mV 25 Feb 2006

09:45:24
ET-2030A > 1.06um laser > 50Q2 impedance °

Tek 2.00(]5/rs 10 Acqs .
b i

C1 +width

18.40ns

Unstable

histogram

W 25.0ms ChiJ  7.6MmV 25 Feb 2006
09:49:21

212



ET-3000A > 1.54um laser » 50Q impedance °
Tek 2.0005/[? - 16 Acqs Holdoff: 250ns o

Mode &
Holdoff

.

C1 +width -
20.70ns Auto
: ; _ : . I : Unstable
S R E PR e - histogram

Normal

Default
Holdoff
{25{ns)

“10omve S M 25.0ns Chi S 20.4mv] _ Holdoff
; ; ) ; i ; ) ; : i 250ns |

Slope
a

Level g\ e
20.4mV | TINE

l l Source | Coupling
Type
<EHge> | | Cht D¢

213



214



215



216



(i) 7% o B 8520 2 448 iR

T bed B BRI RF
T Sk ee g R R
T b iR ﬁg?l A AR PR R

244

mﬂTﬁiﬂﬁ%$%¥ﬁﬁ’ﬂ%ﬁ¢§%WﬁSQM§W%@%’#?
T B e e ﬁ%:".ﬂzﬁdﬁiﬁg »FORE BR fir g ﬁi%l:': BE P opteh s B3 7 RH »
T R

1l Lo
SR E RERRIFAE BT LT SRR B AR -

36-Kov-BB TINEBRSE
17: 2528 T T Tidiv .1 me

S0908
samples at

58 M5/
(28 ns/pt]
For 1.8 ms

fll Channels
combined For
2 Bsfs (D

Sequence
Dn Wrap

H ] &

periodid) ML 55.974
widthig@) an 23.469
pise(dy NN 49,852 ecord up to
Fallcdy oo 123 36k
s delay(d) -478.795 ps sanples
f‘é‘-‘*{,“—'&m 5 58 MS/s

3 disabled I~ 2 00112y
4 disabled 0O STORPED

ABEF

1-Dec-B8 TINEBRSE

18:58:58 T i T/div .1 ms
2 : I Saped

1 oms ¥ samples at
288 m 1 50 MS/s
1 (& nsdptd
i 1 g For LB As

[éan I
e TR YRS SRR EE TSRS Y FEIS ﬁ
Pl ;I

| . F11 Channels
¥ 1 conblned For
] 2 Gsls ()

Sequence

period(2} N 124.3601 ps H On Wap
width(@y mn 35 ng
rise(d AN 267.451 ps ecord up 1
Fall{» m 51 ns Sk
.1 oms delayi 2y -432,264 ps sanples
?;EE?I]&:BJ ¥ BB HE/g
3 disabled I 2 OC B9z v
§ disshled O STOPPED

3

217



f--F

AT
hi.fl-.
=

EEREE

s

'h__‘

-rﬂd?
i
=i W
il -
el it %

EEEE

bl - |
i g

JJ

F. =il
e

F o

218




Smgle Q-switched pulse

TOF  Banguag : Tiwget

Cnmiter conmits

i

TOF  Ranging : Target

C-gaabched mode-ledkmg pulses

Cmmter covmts

(a)

O-switeled puilse

TOF Ragme : Tarpet
C gmpber comta

IV YOUW!

TOF Emzus : Trrget

Conmter counls

Cr-roatclhed mode-locking polees trmn

(b)

Saghe Q-switcled pulee

TOF ERangmg © Tagei

Couste coamsts

1111.1111

TOF Eagng : Tapel
Coter cowts plos oo dulations:

hlodulated C-ewifcleed mrode-locking pulses train

(@

219



5.5. % bk BT AR

(a) @ 5H4stE A BW OB R
ﬁxrs o EEER
"D%%JHF’VR
TEE R g IR

B
oH
£

3
=
W
Jul

ﬁ
\'J..

EECLREY AL NN S Pk S

’E_‘ﬁxiﬁ»{ ﬁxip(fﬁ"lliﬁy\li’lc%im%Jq’o‘“d’/\;’-&r]'n\—- ]B;
2t o P i, kg 2EMAmMHa, kT ARt TR FEET AR o -

FTE SR BRSO G o ok 19 SRE B R S ’lBG\;n‘bg_:tf‘ﬁ’?Kfil;
FEMAT ko F A THIEANK THIERMARD K FH
FEAAAw k> W2 FHIERIESHHFHSAY ko

T BB AT ﬁ*] MR APd ERFHLEPAEL S £ A K Porro
Prisms pair ® & f 404 > & Efmﬁxrgri BB PR BF ARG
%%ﬁﬁﬂ’l?ﬁéi’ 2 Rkodp: FRY 5T AR B ARIFAIES K
’wfm,ﬁ&é%%@Hﬁﬁomaﬁ*%mﬁl%*’@«éﬂ@ﬂgﬁ

L

AU S S UIREERT N=R AR TR S R A N R

\(“
.__.\/‘

T, ‘

(b) & S7k ek 2 iR 1 3 1
HF % L 230
N R R S R
BRI EE T SRR AR

F IR BT RO A E R Q A HI T SR AL 1 [ AR Q
HREFLRAL DR QPR R R IFQAFIT HIRIFE 2

S H - BRTOEREQ AT HIRGA c BRFLLEMAQANBLRA
2R RO 3 TRAL DRRIE L R B FIREE T IR
REAZ S AR FHREA R RS

220



ET-3000A > 1.06pum laser » 50Q impedance °

Tek 2.0UGSfrs 9 Acqs .
T T
L U h i
............................................................ T
15.50ns
Unstable
histogram
WE Z00mvG WM 25.0ns Chi F  7.6mV 25 Feb 2006
09:45:24
ET-2030A > 1.06um laser » 50Q impedance °
Tek 2.00(]5/rs 10 Acqs .
! T
L U ]
C1 +Wwidth
18.40ns
Unstable
histogram
09:49:21

221



BFREE 0 G SPRERA A L BRSO

~
(]
p—
oh
X
T
43
‘i%‘m
-l_'
-t
-
—t
'4

B AR R LRFE BTN t%ﬁ’%ﬁﬂﬂmﬂﬂﬂiéiéi’
ﬁfk&%nh&ﬁ%] ’Iliﬁ‘li%‘—\bﬁg‘l ’V’d E‘]‘Ed-l:4 ﬁ)&]j_lﬁ.“‘ ,’\ o Aﬁ,\

BRI G St ’*ﬁkﬁﬁiifﬁﬂﬂ4m@mo

(d) & sk fbre Ri- B R
T SR re i £ OF R £ 448 L (stability)
F SRR e PR S 2 12 (jittering)

d AN E T S ZROEF P L PF sE s A i DR
ﬁ%wowuikﬁﬂm*% FERBREEF T EFEH o 2 BR Y AP
B iEih § A% TR A B R £ 448 T (stability) 0 12 B F B R B 32

222



A% 2 14 (jittering) o

(e) & T4 A" fire it A
BRI ¥
B

dONEBREI T M R HBH N KRB IR D R TR

PR R A RS AL RS R ST i B 8 i
WP EHL 0 FRERAFS AR NT S S AT

223



56.MAMMEEREE > aig ¥

(a) 7 SR A28 Rl

224



225



FREQ 19.99Mi EQUIV

FREG 19.99M: EQUIV

226



Pox OSW

ApEg et p WIS N RE S TR E TR (wide
bandwidth » > 100MH2)2 f 73 S £ (ACOR 84 % » & GRlish 2 £ 65 -
ﬁ”’%’ﬁﬁﬁt\L’ﬁ%Ew,ua"’;ﬂ/gl iTp |523g°

(b) 7 & EERIEE
AR ER e enp S8 i £ £ IR E » Energy meter 4K o § k4

F5]- # Ak (diffuser) i BRIEER 0 HERITE fHARE G
5 @ﬁhj T AR AT e

227



U

228



ii)i":/{"\?’gg"ﬁé fﬁi‘g’{;}’m#d‘%i"‘%ﬁ”ﬁ?ﬁ_ii ° T‘ l._/? Fé‘\f%*&m—‘i%g ’ E'u%
PRI E 0 0L FHBEL G RE

(c) P RESRBAH T RERE

FEHREEE B Rk B R RTR giﬂﬁnmymn*%ﬁ&
Pkgent @ 2 5 BREA o T F SRR kRS F RE RS T SR
P ok et § % B 3K 3H(resonance laser energy storage capacitor charger)e & 28 2% i
TR BT 0 o g e ok g 0 4 TR (laser flashlamp
trigger circuit ) > fo § S 'k F 7% B4 5 F B 3K 3 (laser flashlamp pulse
forming network PFN) » » — d=& 7 I %k -

ETAS

i

S1 Stancor
Jm_c{ o p=6011 i
1A Pover Trigger Pulse
Circuit Forming
; E network
DEmavAc
=
T
Power ™ TRC
Trigger White
\ I
I
I
I
f— :
B I L1
I 0.03mH FlL+
i I
Capacitor # FL
s2 _ 1
Charger Fire T IN5554 FL—
. : /

Black

TRE A kbR AAT RO APF LR R LREAPES p WUHT i
%&W%%ﬁnﬁ@#%*ﬁﬁﬁ@w%waiﬁa'ﬁﬁ@,ﬁﬁﬁﬁm%%
SO TR o SR R R R ) S T - Aep Wk % %
- BWW?%@P@*W°$*’waﬁ#ﬁwﬁw1@%»$£y@%mw\
FERITE SRR RE TS G TP R EE Sl PR ER
R4 TR B G LR RA S R B RRARTEL AT
GHERRESH R AT HBELIT) G RE

B o

?\'E

AP hEEARY 4 FEF YL AT MR TR RE AR
REP AW o EApM R T $FF B3R AR BT T AP RES

229



55\ NP EEFFZTREEL R A A A BEAT (2 H - TF 1%
A EARE AR o gi;ua A |F5;}:§t1._;}i,ﬁh—£ ko FhEA e & R 7 0E iﬂ T
ﬁfr&fﬁﬁ’m&:n~@$m'w& FEF AL -k BT 2R
BoESH L REBEF RS *rsi;xfﬁjzj%;'iz ‘@1"’3 e 4 rﬂigo EL AL
;;é‘;\ >4 p T e ,;rflﬁv“d,)ﬁu.—)%ﬁmlé: gL iTp ujg%

230



i:v&-%‘]‘BJ,}IIZ:L r‘!’!*{‘ﬁa':‘"?_g ,%;5_&,«]—:‘_—- ;}i/{{.{; ‘3‘_.%?"3&%?‘@75;?&1?%
P T RBR AR E T L R F WA BE AT FHAR T MRS
BB S G THBRERRE- LB JRULERDEFR L

ok

ju)

ZLA’FT\ )/‘—E'%l &rﬂ;ﬁ.ﬁlj'Eﬁzﬁv ,}fﬂ].—]f&ﬁ? _%*%fﬂéll}llf”gfklﬁ;%g %#J_,_’g_f@;
TEAE S PR - T R ET] e PRI B Ry %ip s
SR T T

ﬂﬁ*ﬁéﬁa’ﬁéﬁ T BRI (HACHNT R XA RE
EHELLF X e BV IR AR KB 4 (BT R ] i
P%ﬁ’r ‘E’T5§Ff” @5‘ i#ﬁﬁxﬁ‘ﬂ m"’*_&;j—&;—@—«ﬂﬂ,lc%;) '7‘!7 ﬁ_é‘ A Fij o

A FHAB LT RFETREL T RN S & B ITE
RERE > L E R BT HBETRERE 22 G FRL 5 DT R
FTENER o

FIAGAKE DR # 5 BB T S drgt s JiFE g
‘ﬁ@ﬁ&’ﬁ?@%ﬁiﬁmﬁ$éﬂiimz&édmﬂ

£ LR LRI MR TIRERE L E R EAR AP
J‘J{’ﬁ ;m‘a:}a‘r;‘ %ﬁ;fiﬁ”—é%——? ’#&ﬂ‘g‘ﬁmﬁ’»%%J °

231



AP OLE R B 02 & 0 R PR KRR T
A 93&’@&‘*’t”‘?ﬂ“”3 BEa T i*‘ﬁi%&#iﬁ—’&:%&’
S ‘:Zgigf’rp;g_;z , H o9
51

Z v
Hoe 24209 3 ?% FEE kg S P EE S F

8% I00G03T6-DF-Refemmncas

RFED WD RAED #OSFL IROD

WA
¥ Oome [ wes | [

>
Gi*l ’ 'q) Koo AntiVinu B -
L-J 0050700 B33 Flachlamg d|| 050623 FFH Power Sugply
Mkl ey s
S8-HEC- WAL B |
= {Huuﬂm s

J 200801 51N FEA H B L—-J OI0FNEEAS and Gwitch
L—-} Cormer Cle Prism L—J T it Pikiy peissin

DP.References
BRIV 002 E06E, B
]

CH gl |
fesene m 4 ﬂ—l Lot

(LR w1

232



WED WRE R m:m IAD

Q7 O

WA
|’- )-)M 2 b | [T
| =8| Gl ]

[EEBTOTS  Compact  lnued-Fackels
'h&:k&hu Pohalsta.. ol d-Bui.

b

| mrem il |
Sokd-ime  Trneniter

B
g

PochekC.. It
Sbew  Chalfeciis
Forh
e
Il EECE. . Lo Fokels  lnctnute od

Coll D-3wi..  Oplical B

iz

'Za@

seiches  Regen drver  Solid-Shie
3L T Posheiz

HE
ﬁﬁﬁm:mﬂﬂﬂ.lﬁ

£

BED D

Q+1- O

Rl #HERFW IRD WNE@

i Pme 0w [

BREAHKLH =

m LBl
}_ kgf?:-ﬁk'.ru.-l 71 Docurment

| Adobe Acesbat T Dioooeeat

Ier-guided bomb - defition of

h -l-unphl.n&ﬂ[.mr
rirhat T 0 Dhoomseat

BN 0GR RN, B
0755

combec sl
Hirowcdt Bl TER
40 KB

flebeatlor

Adabe Acrnbat T 1 Docunsat
e
@ 1o

Adobe pepobal T 0 Docunseal
LEL KR
Tuzer-gmided bomh - fsfmiton of
el Becocaly by thes Frme Ol
IlTriﬁ e W

TFAPR o
Adiba Asoobel T 1 Dosomesl
cleXR

Jemr-guided bom b the Free Ol

J ..J

Ineshile of
Cipbical e

1-3:-&

iEiebold

compec]_pem Elni-Blecto . EKP-ALL
I

KXW

g
sbalSLA0T..  indSlEZ7.. Q42T

% & @

IJ

mﬂ:m—ﬁ. medulser Medule T
Modoks e dovess.. Electe-Op..
s bl -n-l.ml

Lt

LF pufeser

(57| CABCADE LASER CORP_ Leser

| Lowmps for Tag Lemrrlilss

7 | Mis-Lasc Range Fisder s

‘I’k‘ ;‘n:hl:e.-.r .'-I:-al T Deemmend
" el

ErcSa0s
{ L :n".e Aczabe T Doczment
3

g 3XEE

CABCADE LAZER CORF_ Leanr
ng Loz

HTHL Dacumenl

g

ﬁ Fllarmp 800 i, F305eriea®.
dabe feanbat 10 Docatai
"' T KE

EAMALICF

Adate ferbed 70 Doconand
t 957 ]
e w1 KD
Q Mz om-Lacer Famge Firder
s HTHL Dol
kR

vum’-.'@'b
firaled 10 Dhocamei

233

]hr?lg o] elatoy Modris 7
thmmul WM&LFM: ss derersempli.. Elbsstro-p..

Koo AntiVinu B -

B 0 BB

@ % T 3B
]El]k]!zl]:t'ﬂ' OLes T
ey |
L] Fohrer-CLED  Foumbofer-.
Ty Parf..
w 4 & @
Leser Reaging
l'u.:ll.mnh.l.s Dm.lh'nw Hewdatver

T 9 4 &
o_hloember . Optie:li20p..  Phosics of

HATAG Lascs hrlﬂ'-l'hl

|

Koo AntiVinu B -

(7] Laser Pumsping from
[ dd
EI-;T:J!'.- Acpchat T 0 Docwment
!I; ETKEB
m 010_VG_40_1907

Adaobe EomhatT [ Document
B3I Ke
sl e Photodiod e
fidohe Acpchat T 0 Docgmest
I KB

ch

hdobe henohatT O Doomoest

e Kl

FLSqlphuu'
h.:n'.r t Wl 270
B35 1]

aua

A at 7 [} Documeat
6

Laser Puping from FerkmElnac
HTHE Docwnmni

HEB




WED W@ edm RORFL IAD NAD 7

Q7 O

RSN 0GR RN, B
oTes

i Pme 0w [

Koo AntiVinu B -

P B P B EEE B @@

T ittt
| Bitel iz y
oD | e T HEH @ % 4 %

Th-2-1260-_. WMntm 0l D]ﬁﬁlgl 601 220 Anderoo APACIDMp... B!.Em- CCPFDliT: .

T Lemrs Ins... Fuls v Chamg
= & & é e T T T e %
ol pSRr SR DoMg ADRORGMM. W RN fggm: e
3 8 % 8 8 % G OR O 8
Felahm MEIGTOpM..  mmesech  mmesschem. HMES15F. mepeo-TRI0 FlllPsperCoks PPRS200I ..

Q@Jﬁﬁjzdﬁﬂﬂﬂ

Puled Power RFIPRENT-_  Becsond®  cjperk_sccels.. E9C_Howel  Thyobon  TH-G-0280-. TH-S-1260-.. weiSlvwe  uwedSwepPh.
& High Fall dood Pul Supp wi... Powes Segp...

J @ m@m

Sihnmh&“-h. oo Pt

CHE R

i M R,

- IF pefesene m LW

WED WO RAE HORTW TAD HED 7

Q+1- O

BTSN I0MEAEME, B
121

i Pme 0w [

Koo AntiVinu B -

= e —
- - (= Comer Cube Beto-Reflecon, ="
L...—J oz Cube Retrafiled [ st Cuibe Preatee et Coaner Cube-noreapacs filss
f = T, ecsqnamsCone s MOERE faim et v 2002
[ W’m}bﬁmpk 1 Thecarsan-yulie Liabe Armbed 740 Doomnen Adobs Eopchat T 0 Document
fla i SN 15 KE €683 KH

Coninat Crbe Betio-Raltos, . iy Cubs-nan-apies
i Cormer Coe Prsms lTH_- ot

ATHL Diox:iicsal 5 R

skt 4 Haweclond Colegs Physics Dt Syt bt Dt
s g‘it.b: Bersbat 710 Dioo meeat g 4“}3' L Discoment E rn’:ac“'l Weod Zri4

183 KB KB

e Dema Woriad Bxample | The comer-rubs &

HTHL Doemen eeflecsar }EEEET.-ﬁm,: T Dozmeeat
B HTHL Documenl FIKB

Fil 1WER

CHE R

100% Gl

TR T
srdra WS

o EF e

234



RFED D BlD #OEFW IRD MA@
QK- F Jme iwsm [
L.-J {2edel Lierd

L—-J Lasers Layorct end T2

I
ﬁ%ﬁm:wmﬂ.lﬁ

WED WERE RdD HEEFW IO WNE@

Q+1- O

¥ ,Dm [ e | [

EELWAHETLH

ba Acrobat 70 Documeat

= | Microocdt Weed 20FF
—| 1MKB
ROGE QS0E7-20-K-OHE
adabs farchat 7 0 Docmrent
(”5" MWIKE
CCDLabYIEW
| Adobe Aershat 70 Docoeeat
105 KB

.lda':iIL Acvobat 71 Dovureat

2M06I20E-NLTAG and

HE
&%EN:MEHE.T'F

- TF mafesene

bl
Eabe Lembet T Docomend
BERE

@ ] USI Feih Shee Ml supeoet o
(L AF-CrY 30 pampew Clowet
P azsalt PeraParies B4

Pl bk
‘I’k‘ 'E‘e ‘.c-.ul:-al'.' 0 Deemmend
™ R

! :n..‘e ‘«.( :nbal 10 Decment
P

Liobe Ay .'-M'.' 0 Deevzinen
65 XE

(b rwick
b Jievibad 0 Deennend

L
&

fhis
=

i TIE:

I&.f.r.'\-h-.!'.' 0 Do
B

ch[l][ﬂ B0 TA

b ycvater] 70 Deeameni

235

CHE R

L L g o) EFoaid

1 10 034
| ﬁ&i&; tobat T 0 Dosurmeat

IE i mmnamm
—| mocn.l Wieod Z0HF

1 Bl
|,{‘!“' Adab: .ﬂﬁer"t Dioonmeat
I EB
Tiatashast_HiFoLas CTE Laca
Adabe Aenchat T L-D J. e
135 KB
In s
Adobe Acoobat T O Doomoest
ZIBEB
It 14
Ku‘mr’l PewtcPomt REFE
=] |} KB
qeviich
Adabs Az
o 308 KB

at 7 [ Documeat
weeae 520
fidobs jepobat T 0 Docuroesd

H5ER



WED WHE WAE SERFL IAD NAQ
¥ Cme o owes | [

Q7 O

ag :-be ‘.ch 7 Dermmen

.y-:-'be.-\.c—.-bal 74 Dovmmenl

=
Ik

] -_'q OTEL-Guib e
Su rv:wl ""cad ’§:I-r | Apobe Scrobat T Deoomend
RLER | B3 KB

A3 5man] a-1041
| Adobe Aershat 70 Docoeeat | &iabe &crobei T Docament
S KB | 3501 KB
TRECCD
Adobe sevohat T A Dovoeat
KB

RSN 0GR RN, B
LEE]

22t LF oafesene m

fa3iets
| J. Adobe Acmcbat T 0 Documeat
o KB
m Hirat Tﬂhmmmrbum
Nnmrluchmmg vicss
Aot Agimbat™ [ Dociimes
1 RF_Qikh
|,{‘!“' Adube P'i\c:'r 0 Dooument
442K
TAIZCD
Adabe Aepcbat T O Docgment
HAKB

WFED EEE RdD HEEFW IAD WNE@

Q+1- O

i Pm i e [

gttuakd
Adibs orabat 70 Diocumeat
,r&“ 188 KB
m Farl-Ophcal T-niﬂ.Et
E ﬁd:.?rﬁ.’.:rt:.\:r?c dorme st
L& Kl

Acrchat 71 Doomeat

——
L-] Untifed Dosumezt files
Barll
aﬂ'.::-'t:.e.f\.c:-bal'.'.JIlc-:':mnl
) loks KB

.'. :\:r.‘.r bt 10 Deeamend

o

i

! d. ate ‘«.( bt T Diogszment
gu

Rn?ug:&s Camst Cabe Frisas Ontided Docurmeat
THL Decwmen HEHL Docneeat
S3EB BEE

RSN 0MET R R, B
lxla

236

I Testing
ﬂ_d-:h- Acmbat T [ Dozumeat
hdobe Eopchat T 0 Document

#3KA

5 .-m=r 0 Doonrmeat

ﬁdch acoohat T 0 Docurcest

..u]
Ik
ek
Tan



BEE D SdD H#OeFL IRC NA@
G;-] ] I'}' ’Dm [ e | [ ey T

L..J Firacophecs Tt comtirion L..J Comgact Lases lsad diles | o oL e

with Fidey primnafiles

L—-J P43 i - CLE2 Jilez 7 | IR0 view - CLIG £k | e - cLBE Sk

- | ]1%: ¥ Ml Aggocsch 11 s
L.J Pl Gt Iikm @ = | Mzl Powerdam: RITE |,{‘!“' Adibe & robetT 0 Doomreat
* |'==| 30 kB
m 4 | ?: HT m grﬁwl
‘)‘!‘w A !r- Aorshat 70 Docmreat { &iabe Acrobet T Docmment obe Aeochat T [ Docurest
0 EE | I EE

lhm;luu: dispermon coamecton. Breckam FRILTEL | Lesar Hlesd
mmihﬁrm Q Afobe dembat 70 Decnmen ﬂ y.nﬂ Doeurnent
B

KM I_ Diocs |rprl|I | 635 EE
SN e s, T Lk

B0 v - CLHZ
HTML Decunent

_‘] i

.g;] &ire

mmwn SLEI0W
.'Imu. Peat $EFE

HE A 004002 b 0506
el 605 BICAR

robal T 0 Docuroed

2
KTML Dot § | Adsibe Kosola T Dovdinai)
s | 5
ITKB LI29 KB

BEE D SdD #OeFW IRD NA@
G;-] ] I'}' ’Dm [ e | [ ey T

] s s e R

L-J stugas ks L—-} Ehuie 15 odciegiind L—-J Tltize (4] - A0M-114 £
LJ ewstudfuochs Greided Bomb fika L—-} Bowstutfwork TIAM-L flss ] Houstulfwodk-TDAM Hes
Luaser gusdence fle: L;j Beflede-3 ATEM Syt files = Sgnal files

D ?'Ll DZgnelld 13
i Epevifivation (e Adobe Aerobet T Decnren Mc{e Azrobat T 0 Dot
| - "' IXE ZI6 KB
03 dnnics Syvtems AE-6A Fospous s Aemocnent % Ay Technols
HTHL :\f:'lw:ﬁ‘uh . HTHL Docment H1}-1£-‘Z\cr':wﬁ
JEB KR
c 15 (eidanes and Contral Chbduidarcs
, Digcueat Adabe Aziobat T 0 Docweat
| S1aKE
Q Howstudiwoeke-Geided Bomb
H'_I'_@L Docaimmnt
o - gy Laser guidence
HTH L Diongdnl HTME Docstimin
LK 5 KB
Sigeal 54 Emarwespans-final
FITHL Diociurseal U] bt
Fakas —{ i1 LB

Ststresk, EFM :] Mt W 52t
| Lgabe Kembel 70 Dectmen E = W 3 1%

BN 0GR, B
0r5T

ahepas
HTHE Dossed
3 EB

237



72,7541 TF D

ER #?%;}i;}ig A %ﬁ{;?l]ﬁgxi&%%_gléﬁﬁ Eﬂ'iﬁ'lﬁ&fifiii; o B AT
J%EQLL’]““?':EQ ﬁali%z’ﬁﬂ'\ifﬁlﬁfklraﬁ_ﬁﬁ%ﬂ—ﬁﬁfuﬂgoyf’},_}c§l;‘
= 2

S ;—Largx;a TRV CRBEE - T BB iaﬂ’d gf“t v /ﬁ“vul% * o
Qf{‘f’?&@lf%’f#, —ﬁ;’% Lo e AR A o %iiﬂ*%?ﬁg’ﬁ—%%ﬁf

SRR RERUEFE ST L FH RS LS ISt R T

gape.

<L
el

238



7.3.% % 602005 & R A58 #ET3E € 2

Bdel T 5 8 F M3 & B0 A S

e AR RART Hnet gAaseT

T s Rk s
FETVTLER Ao ¥
FIE =i A -SRI EEe :W
EHEEE LRI pR R
=g LF ST RTE
M -0 AN AR S LM s R T

L] £

AeRTSEFHARADTE  A3F -2 > QS - HIAREFEAGLERA - AN
E-AhREA SR TSR T E RN YAD Laser Revonals) @0 H - - WA $AK
it mth - RLHEELE - Mo B - E A C-a e i S ey o e ST e
BEEIEA T SRR T ERTE LRSS T A PSS LR T Aol
aimn FEHAHERE I RLRTHAA Pl RE Al DA+ MEFTHA
Aot aLd T AT S dmpe - ANcanT THEES
BAEMEETSHAS - MISNTHFAERBER - NS00 W iekeh cllh BRI EL -
CRFARNFAFYAEDATEENEW TS  TAR L& AN -

Hd% ;i femioégs - M ARE  FLRute - ilf0-ame

Nd:YAG Lazer Resonator Design Analy:is

Juzmewes Chen”, Fu-Lung Hoazs®, Jun-Nan Chen®, Kai-Chuz Choang™*,
and MMao-Shion Veb™*
® ferimi o Moo and darcapaes Beginaring, Oimag-fe Desseraiy

Mo P07 feo 2, We-fe Noad Mvin-Cfn, Tedean 1180
Fal (02 LA FAS Tl Foe (080 A0 Bl e

e Biszriza -Shin L
“‘&“-m‘?hrﬁh;- I;I:;‘ and ﬁmmﬁ;.!
ARSTRACT

HZ WAL boem Save vary widls q_:l}-ll:ltum e Sl off .n.l.lr:n.'?' I'-'EIIEE, mnderind Fm'nﬁ Tk
wmd scimhific measedhca.  We e isvahulicg & ol kigh measligreneal sisbelfy Md:VAD |soer
resrmabar,  Anelyse ard oplimize @a r\vrhl-:gjrligr -::\:F;mlld:ul demigrsl ks l'ﬂbb{-'!l senligueelion
'-'.h':wrl-[hﬂdl.:u:u-d-r_umn vanf-lﬂmllnrplh:lﬁ:mr‘aﬂﬂrh-ﬁrmq , el
ciurge the crargy rlongga -:lfl...ﬂm' om Y up o BEKEY.  The opfmzed Meshlangp ngger h vallge
s thz series metirsl Gwl gives mu.n-rp:;ﬂam:_pmlh: irreatigried indeml  Acdva Pockels call
Clrwilch mochemen mé e meccmisl dnvng ooy aed e symchbrermion ombrd aracs sa des
msembgaled in dofal w wsll

Ky Werade bl YA lmer, e remoniler, Slashianp Sigge. gien! palse -rwifch medulaizen.

239



—~ « 0T

o YAG e F
ARRERTEAR - SFTF - FM-wo -8
L el A S R RS S L L b
A ANHF-AANTALIRRTISRTE
Mo N YAD Leser Rearaskar] @i B o« &
HEAHALHE - ELETE LT LW
BE-EEF C-ANEEDE Sl aE
06 R

AT oRERAMEARANE L
dEENER TN AR Pooo Sl B 5
ARV HEEET HLFETH LA Porc i # i
A8 Wiminligrment W L AW - SR+
R B LES S E R Rl S
LEA S F RS R

ARG T ITEEREE AL FHELE
@REN - MOoHMESSERETE - B
AW Pokds cell ZEWMBER - DR F K
AEdaghETReENER A0 LA
kAR

= -Porre & B & 6 SN D 0T M

ANKATESE HAEWLFTHAH
Porro MMt S0 2%~ % Foo RRE -
T - s LW ENE LA (Folnsag
cutpul zrapheg baen splifiee, Rhomt palanzer)
Ax-uEERe- T ELETELA
Porro A RMEAR BN - EF K Poo
L LR DL R T RS L T A R L]
MM RTIR felding pram) -~ $07 L& & 88
M B (cormer cube pram) » 14 K (wavs
piwta)» 3F K (wovo plale) - WS K L8
(laer getput EHer window) ~ -E MW & &
Fesdacll) i KA —WLPNHLE T

240

N b AR MK eelencope) -
g 8 . W (aperira) « W~ % Roabey pees + 12
WY (wwra pleta) - &5 L E T R el
iaszzpe) - -~ W K -~ # Ridey pair 5 de 9 5
BT WML T HARFHENS e E
=l i &8 #{rizh! magle pram) - & L8 (GRar
window ) - § Risley pairs 102 85 4 & 400 M -

fhForc AdETELEEEe -85
WHEELETELAREE B P hE Poro
LIS T L R B L N2 B § Rt |
W E L

= Pern@miam-

ERA C-amM P Sl THEnEN
LR e R P S A

Eo . ERF AWM Poro Rl TS -

LR R4 0 b R E N e
HLFTELd - AAANEATHEHTFA
LE LR



Pormndl ol b fam e - & o~ el 5 8 & A
L B N L S Y
Pomo s - & B H0E A &S LEEE
LR E S LY B IR RS PRy AU
L IR L N
o L - e el o2l A
HofamcHdulEs R EOERE - T
#e i R s e sl emen OF B 5
w0 A (nnenaitivity) e Porrolm i W
o o cEE o BapdiEeen lom .
o W Pooro 88 0 ool B o o ) i o 0B O g
i WL & @ bl coepling e -

AEME Pfoec e bW ERS - KL
W Poro e g & K
A FEE e m e W Perro R R
W By N aey N e -WDNH
Re S ARFe O MR ERREY
KM E T RN rmansier amanefanca) 0 Wk
loran bdnfrin 8 o 0 3600 0 W A - Pormo 6k
i e e e e

by = Ry KL B,

n oT4 BI; @
(o :Iu.i‘ A" o o
4]
(o

E P AscoalMipmilkeali g,

B =min P i T
A RAEHEALE,

PR a3 W Porrs 3
R,

Ak Paro @k AR e R R

241

k. & Parrcl she 458
TR EFT T Tyl

O Foors SR AR
Man:

P= g vdiim ' {foaminin’i-a ¥ anti]

AT E TN R R T
Fromedl it Krool sla k 80" @ 45" S48
BT E S ey -l
A

B - R ER -

by My

= caa (P e V2 waa 13 f jememri 1]

WMt E4PLR 2 BIMAR-AR
M Fomo MMEESHIE - HoANTL
g -Foac RELREF A BMES - &
HEAFLAFHANLARL  ERRETHE
Hie - fRARNTOHNANSN +4CTR
8 Peen AL SRR 0N ORI #RED -

&M Pockeln call & 6 F F 8 HO-0
CRCIE R E N BRTEN FET R
e R e
ME R iled gl R EE N
L E L F L EE I E A R
okl od o f P secomponent s i b g G -
R R ]

o R e L - W SR
RN L ER S IR A
preampenen? o ol i 0 F § Pockela cell
Lonio b W o - o — 0 Pockels cell &



SR A RER -G B LS Pockeds call
WL, AN EEE RS - G0 §
F-ATEdmpaEl - LompaLkin
WS R RE-T o Dol R
kAL B LR YT e
R Teme &S Peckeh ool #
LiMbo S - & & LMD A -
O o L e g T A e
L L4

e R ik el R T8

AEEF-AEEMMEE - SN A
N CCEE Imim b B Aol Al
-l Pors i e i e
FHEAE - RE LW - bR ETOMERF
BMEE-T e o TE W R

g - Ane AL AH AN
ER T L FET A W Y
Eod B - Pockelacell woLoE0EH @ #
TERFO-AmMHEE - EseEE LR -

& = 2ml ® nyt gy % Wi

w2

B bl AW AR - R A8
PRI maV kLD, L SR N
o I2en AR ARG RN LERESE R
EE RN FIEE T ORI R Y N
wogs el SETENILERT R
M S LINLD, & - K PRI am’ -
BALINE, LS 8w e 2ee b
il AFMELHE A E B MRV
& g e,

E-paltist gt

ARemt T TEEES £ TR T
FEAY - MLdNEFZERETSE - FAF

el Fociolrcd] REmEB TR - 8@
LR h R R L PR N R
o i

Eiwsei T mEEL R L irescnnece)
ThET ISR Sl b XTERE-E7T TN

R R T A0 R R 1000 R
K-

z et

v

B TEEE TR TR LS -

-
bl 2

L E R Rl PR RN LR T
i W AdA A e E LR - R

FRmAmERSEE - T EANRET LGN
LR -ARRTHERVAREEE: R2AnET

ESrEMLnTRe TR bE SR -0 8
EERwgE L -AREENREER-L&8

L LELIRNE LEL I

e ML sEen s



TEARRIEETELEN  ERRN
£ b O o e R o
AR RERSEFRAMAA - TRATS
RGBT EEsRANARE RN
o B N
LR R R R T TR
W o e ]
o R

L - sBLENF-IMHRRLNSEg -
il e

= - i
E N B BT R N T B g
B - R S e R -
BAMTRLE- ML ER - FEF -am
e e b e e e
R bR e T B Y s
LN T RS R T Y
LR N R RN R
e LU EY TRy Fr Y
AN LEERTIsR -t LTS
THEMSFA B - ANt T THEE
ERAFHELEREAN -MLaEERTE
B R - WL O Pockels ool BB ROE
- LA FARRE+A AR

R FIF RS LT Y

243

[

L]

1

]

<]

LR
{L Zheumd .. W Capenon,
“Modes of = loor roomdc Wik o w
mebroreioching roal mere™,
Applied Opeas, Vel 30, ppldql- Bl4g, BERE
P Mk, F. P Corlexmmd W Walibed |
LT E el isrartvty of opbos resommion™,
..h.p;li.l::-ph.u_'.'-:.l T ppi 0, 19580
M. K. Chenani E A. Tapo,
“lamer rcesdze an electmsptcd by Carmalched
Ponm pram devize™
Apphad Oplics el 15, pp et - 1088, 1956
Farpsran Chen, Per-lyh Werg, Hon-Fa S mmd
S Pran g,
“Famyy catraction of Fose ek @ Peckoly
el { lrwilch operaion™
Optml el (ombin Eleckbonin, Vol 3,
FplASE-RaA2, 1996
amn.‘l'm Flon-Fu Yo, Feir-iyk 'Womng s
B~ P,
“Mode sdadion ol dowly opmed Cematch

EEe el
Ll;h:l:m-cl_l.'l:.nr Technclogy, Yol 31,
FrobE--AEE, b
furgwm Chem, hun-Tag Lie, Raseshe o,
W e Chen mnd SsasSheoe W |
“Herwly opmed wwilsh maperior in g pale
e o
SHE 478, gy 31-34, Did



	一、  
	一、 計畫緣起
	二、 需求單位現況
	三、 計畫目標
	四、 本計畫執行內容
	五、 本計畫執行成果內容
	5.1. 系統之解析及研究
	(a) 雷射系統架構 Laser configuration
	(b) 雷射系統介面 Laser interfaces
	(c) 雷射激勵 Optical pumping
	(d) 雷射共振腔 Porro resonator
	(e) 雷射三面直角稜鏡 Corner cube
	(f) 雷射轉折稜鏡 Folding prism
	(g) 雷射腔內望遠鏡組 Telescope in the resonator
	(h) 雷射Q調制組件 Q-switch modulars
	(i) 雷射鎖碼Q調制 Coded Q-switch modulation
	(j) 雷射輸出導引 Output coupling
	(k) 雷射共振腔內萊斯立稜鏡組Risley Prisms

	5.2. 雷射基修技術及調校步驟標準程序
	(a) 雷射基修技術
	(i) 雷射原理及技術
	(ii) 雷射Q調制原理及技術
	(iii) 雷射基修技術

	(b) 雷射調校步驟標準程序
	(i) 雷射共振腔
	(ii) 雷射調校
	(iii) 多元件雷射調校及步驟標準程序


	5.3. 雷射驅動系統及介面解析及試製
	(a) 雷射驅動系統
	(i) 雷射電源供應器
	(ii) 雷射激勵電源供應器
	(iii) 雷射閃光燈脈衝成形電路
	(iv) 閃光燈觸擊發電路
	(v) 雷射Q調制電源供應器
	(vi) 高脈衝率雷射驅動及技術

	(b) 雷射驅動系統介面
	(i) 雷射驅動系統時序技術
	(ii) 雷射驅動系統時序控制電路


	5.4. 雷射輸出量測
	(a) 雷射輸出
	(i) 雷射能量輸出
	(ii) 雷射輸出光束點
	(iii) 雷射脈衝輸出及功率
	(iv) 雷射脈衝串輸出及鎖碼技術

	(b) 雷射輸出量測
	(i) 雷射能量輸出量測
	(ii) 雷射脈衝輸出及功率量測
	(iii) 雷射脈衝串輸出及鎖碼技術量測


	5.5. 雷射系統優化調校
	(a) 雷射發射及能量輸出優化調校
	(b) 雷射脈衝波形優化調校
	(c) 雷射功率優化調校
	(d) 雷射脈衝串優化調校
	(e) 雷射鎖碼脈衝串優化調校

	5.6. 部分硬體設備提供軍方維修單位
	(a) 雷射脈衝波形量測模組
	(b) 雷射能量量測模組
	(c) 閃光燈驅動初步電源供應器


	六、 結語
	七、 附件
	7.1. 本計畫參考資料
	7.2. 雷射基修工作室規劃
	7.3. 發表的2005年國防科技學術研討會論文


