Basic Gain-Switched Diode Laser Set-Up
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Gain-Switched Diode Laser Master Oscillator
and Semiconductor Optical Amplifier

L

470 =

Chip
Resistor
optical optical
isolator amplifier
f\
Lasee Diode W, D{
5 mWatts v ‘
Ave. Power x3 > 100 mWatts
Beam Expander Ave. Power
Short Electrical |
Pulse Circuit l(—'

DC Laser *
Current Source

'SC O GV



YW oLl -0 >

80In0g
ualng lese

-

awvezoLl1 dieys

MOIA doL

” % 3
"*-...—f\

Wielied uojiepey

suIinO

\

VS00EE dH

.| L-seid
= ZHO §'92 “ZHN 57
VZiLLidH
Hig
_ 3doos
/ _ U0 W §'G
/1
UMD WW T
"Xelw MW 0g @ ,
WU 08/=Y vsz -..n_m awvreoln
v gg = "A
AI\/>\/\ m z_mm
aillo ad |®
Joisjsey diyo o
U 0S e

I

lojeleusn)
quwod

T

VIS

VS00€E ZHD O}
V00EE ZHW 005
veooee  ZHW 0se
siojelausy) quod dH

ZHO |

ZHD 2'% - ZHW 004

ap 0t

AGL<< MG
"NGZ<<M |

weap 0g
er-THZ

M1

N2

dniag 1s8] Jase] apoi PayoUMS-Uler) oiseq

Jusjeainbas Jo
giveEvrdH



06/g Uosialley 'V

g b4

nupn Buidwes nun deems
LIS %ol Buydwes
ViLLZMOL
(o-yoid
186611} jeuseluy)
sﬂwﬂﬁm MMWNE xew (wgp o)Az
peaH
Bujdwes _,w_s 00808
s ki
o
rewndo” hwi 0og “hz- Mgz =
XBW A GF ZHD | 01 op PRSI
indu| T 06 10BBuy 5 05
wgp &
S
T
grzee- | 2 ZHY |
9
<
wgp 06
jetbiS Jebbii jeuondo i |
VS00€€ dH fomds
18MO seuliEpy
J0jBI8USY) @p oe d
: M L

_ _ _ quoj

“AGL<<MSO
“NGZ<<M |

dnjag 18| 8S|nd |eoL108|g J0JBIausKE) qUI0)



06/c UOSIall8y 'Y .
v "B

" I
nun Buydwes __w: moesm
ujidwes
LISL N9l : ]
VELLLNOL U 01<_ #ors- A2
{Ho-yid
16664 [ewieuy)
pesH /|
Bujidwes 4w 00 - 01 ddg
. ZHD G210l |
e i (1ey1y ssed-ybly ejdwis)
“he- g JojenuaIsiia OH. ll
i N \ :
ndu) 5 05 186611 505
wap -
S
3 ~_ | ZHD |
apee- | &
2
<
e [eudis 1ebbii] feuendo wap | @
{iuied gp € 7HO €) ._wz__am 4
e VS00EE dH JOMOd o e ¥
LHIE lojelauan) Mwow ,
wgp |

ssed-UbiH _ _ _ quon el WGP 05

sas|nd AL Jejodig 8onpoid 0} Jojenualayiq-0Oy Jo esn 1se |



06/ uosisiiey v

yun Bujdwesg | Hun deams
LIS L Buiiduies
ViLLLY3L
(Ho-ynd
10661 reweyu))
Eﬂﬁ__ﬂuwm H_WNE xew (wgpol) ™A z
peeH .
Bujdwes a“ﬂw 005 -0)
2101 |
v-s oukg 4H U 1
1o
rewndo® huws 0og T\ 2 - AwsZL
XBW A 6F ZHD L 01 op
ndu| 5 05 1086y 5 05
wep g

G "bi-

lojenuany |
|§|:’ ap 2¢- I,,|r
2 (1do) say14 lojlelsusyn
Soed o quiog
, Jeuiquo)
lamod ___
_ (1do) seui4 lojelsusn) i
ssed-4oH quo) layys - ¢ wgpzz

N

(0861 08 ‘Zged “wwoD [ondO ‘AUBA B NET 1ole )
lojelauar) as|nd |eondo wopuelopnasd

oy

landg
lamod

8

wgp 0F

%wrww

xew wgp |

@)



06/ Uosialley 'Y

9 b4

e

"Xew MW 0g
Wwu 082=Y Ug'g ="y ANWvreolL

-~

Hi

II+ }I]I

v g5 = M
N = NN\ A ﬁ
= H ASL—
4 MW ad dl ad —
= Joisisey diyo
18]8N JeMo ajelqlje == S
18N d paieiqied ‘dAL MW 02 @ Y1 094
Mwyr g
YW ol -0
801n0g

waung Jose]\ Y

+

(4oqi4 [eondQ o/m)
9poIpoloyd J0HUON 10 uolieiqlie)d

Q



‘A

06/g UOSIBlay 'Y

IH|

MW

1eq14 jeapdo

/, b4

"Xl MW og
wu 08L=Y,

18jeN Jamod palelqien

YwoLl-0
80103

waung Jese\ y

+

vs'Z ="y
yu g = Hip

d

Iojssey djyon

U 0§

P

(48q14 [2ondo yum)
8poIpojoyd J0HUOCIA JO UoeIqi[ed

anyeolLl

Id
ad

NSl

‘dhp mw o2 @ vifogk

My g

J



06/€ UOSIBHRY 'Y 8 .@_ =

nun Buydwes nun deams

LISL L Buydwes +
E) VwoLL-0
VELLZYSL el >
(Ho-yxd
1866113 [euselu) jusuny lasen
UlpMpUEg ZHD ¥1 ad
ownesy sd gz xew (Wapot) Ae -
1-seig
pesH .
Bujdwesg A 005 - OF ——
NIG D‘Nrou —. VZi9iigH
v-s oukS 3H B |
1o
fewndo™ hw cog Y\ - nwszL —
Xew A GF ZHD | olop
ndu| 25 0§ 1088y 15 0g
_ S_m TTiE]fe)
||W _ Jojelauan)
8s|nd qwon
XelW MW 0g E

wu 08£=Y

ogz=""d|  qQW20L1

D

1eqyd [eapdo
z_m- ”
ad
(IWHM4 sd 05 > ‘ewlesy sd g >
05-0d Sojuonoeje-0idp e')) =
loj08iepoloyd peeds-ybiH !
jo)sisey diyg g uada

005

dnjeg 188 es|nd [eondO Moys



06/€ uosisliey 'y

6 “bi4

8d0og
Bundwes

N

lojenuany

N

sejq op
1010918

l0p8leQ

laqi4
[eondo

apoIQ
lase

1 selg
T
¢ < JENN
| I
| I
1 | (1o1es8UB6 qUIOD)
Kspears o lojelausn
Aiddng osind
epoId
lase

dnjeg 158 [eondp peadg-ybiH Jayem-uQ



06/t uosialldy v

QR CAR

(yo-xad
18b6u) ewiaun)
Yipmpueg ZHO vl
ewnjesy sd 62

nun Butdwes

nun deamsg
Bundwes
VELLZ9L

e
xew (WwgpoL) AE

peeH
Buydwes ““Aw 005 - 01
) ZHD §ZIol |
v-S ouks JHUW |
lo
jewndo™ huw pog YUz - AWSZL
X A GF ZH L 019p
ndu| T 0§ Jab6BuL & 05
wgp -
lolenjusily
‘ L gap ce- , ’
(1do) sey4 10jel1oUsy
‘ ssed-ybiH quioy wgnez|’
. Jeuiquiop
18M0d T
(1do) 1ey4 lojelsusr) 682¥6 BLY
: ssed-UbH quod seyus - ¢ [ wmz|

N

Janyds
lamod

s

wgp o€

(086} "00Q ‘2eed “wu0) 2oNdQ ‘AUBA @ NET 18Ye )

Jojelausr) as|nd [eondQ wopuelopnasd

%NIOF

Xew wgp |



06/F ucsleley v

!{+ ]ll"

Bt ] OMFEOLD
= 180/ [eando N vugs = T
= ~—<4i- VK
an ad
- Jolsisey diyo
laja|y Jomod peleiqien . g omw

vwoll-o
92IN0g

JuaLny Jase Y

+

(49914 1eondo yum)

9POIPOIOYd JONUOI JO UoleIqie)

I

‘@Al mw 0z @ v gL

Muwyt g



06/F uosialleM v

"XEW MW 0

"H

Muw a d

+ ' .Y
— m vw g = "
2 &” ‘

- 1015188H Ay
—_— U 05
_Qmﬁk_m;oaumﬁnzmo ||

Ywoli-0
80IN0g

uaung sase \ Y

+

Y v l—; o/

y Y

ad

(42qi4 eondo o\i_
9p0IP0oloYd 10HUOIN JO uoieiqijed

o

ASl

"dAL Mw 0Z @ v o9t

Mmuwyyr g



IO " d

' Herotek'

e

FACSIMILE TRANSMISSION
TO: CEBAF
DATE: March 17, 1995
ATTENTION: MIKE POELKER
MAIL STOP 12H PAGE: 1 OF |
£ AX: 804-249-5800
FROM: JOHN TATUM
CC: AECI(TOP SHEET ONLY)

REFERENCE: OUR 3/17 TELECON

SUBJECT: COMB GENERATORS

FOLLOWING ARE COPIES OF OUR COMB GENERATOR DATA SHEETS FOR YOUR REVIEW

MY BEST REGARDS,
JOHN TATUM

SALES AND MARKETING MANAGER

ARE YOU COMING TO THE MTT SHOW IN ORLANDO MAY 16-18?
IF SO, PLEASE VISIT US AT BOOTH NO. 1313

HEROTEK, INC. e 222 N. WOLFE RD. ¢ SUNNYVALE, CA 94086 ¢ TEL (408) 730-1702 « FAX (408) 730-4015

STOVOEL 8O0VPv DUl “>23043H LSTGT S6-LTI-AENW



9310-1-2

o " d

COMB (HARMONIC) GENERATORS
WITH INTEGRAL PREAMPLIFIER 0.1-18 GHz

OPERATING TEMP ... ..... -55°C TO +95°C
0 BROADBAND OUTPUT SPECTRUM
STORAGE TEMP..... ... -65°C TO +125°C
© HERMETICALLY SEALED PACKAGE
TEMP CYCLING .........-65°CTO +125°C

o FIELD REMOVABLE CONNECTORS
FOR DROP-IN ASSEMBLY SRDLK ...

FEATURES:

OPTIONS FOR INPUT DRIVE OF
0 dBm OR +10 dBm

SPECIFICATIONS: (@ +25°C)

ENVIRONMENTAL RATING:

MAX INPUT POWER

MODEL

INPUT INPUT | MAXIMUM MINIMUM OUTPUT POWER PER PICKET (dBm)
POWER |FREQUENCY | INPUT
(MHz) VSWR  |UP TO 4GHz| 4-8GHz |8-12.4GHz |12.4- 18 GHz| 1826 GHz | OUTLINE

GCAI100A

GCAI100B

100 2:1 -12 =20 =30 -40 R JA

GCA200A

GCA200B

200 2:1 -7 -15 -25 -35 —_— JA

GCA250A

GCA250B

250

)
.
tJ
'
<
'
253
o
'
s
(==}

3A

GCAS00A

GCAS00B

GCA1000A

GCA1000B

GCAQ526A

GCA0526B | 110 ' ) 1A
GCAI026A 0 1000 2.1 3 0 10 15 .35 2t
GCA1026B A

GCAL1526A

i
! 1500

12
+
[¥%]
=
“
v
'
<

GCA1526B

-25

GCA2026A

GCA2026B

2000 2l *3 0 O -10 -20

NOTES:

(ALL UNITS DO NOT HAVE INTERNAL REGULATOR AND WILL BE PERMANENTLY DAMAGED IF MORE THAN +32V
OF BIAS IS USED.)

1. BIAS VOLTAGE:
CURRENT: 150 mA NOMINAL FOR "B MODEL. 200 mA NOMINAL FOR "A" MODEL

3. OTHER INPUT FREQUENCIES FROM 30 MHz TO 2 GHz ARE AVAILABLL. CONTACT FACTORY FOR INFORMATION.

+3z 0.2V

SEE BACK OF SHEET FOR OUTLINES.
' erotek‘ HEROTEK, INC. = 222 N. Wolfe Road * Sunnyvale, CA 94086
u Telephone (408) 730-1702 « Telex 508407 = Fax {408) 730-4015

STIOtOEL B0V DUT ‘> 0U4DH

8G:ST S6-LTI-4ACeRW
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STEP RECOVERY DIODE COMB (HARMONIC) GENERATORS, 0.1 to 26 GHz

TYPICAL OUTPUT POWER SPECTRUM ENVELOPE

+20
. bntal Feedthrou
- ——""\ \
o — S S~ GCo00 &
i — T SN GCJo26
\ \ \ :

) O \\\\\'\\\\‘\

:w % \ \ \\z “\wfzozs 10

S B

1 NP

—+ 3 GC100 e
4 § \ GQ500 & \

. 8 \/ \ Gdos26 i _§ _
t -20 i
- _//\ \\ L

e Gc2do \\\ o

T_ e
7 Output Frequency (GHz)
; SCHEMATIC

1 {optional)*

e
Input CTM\IM : 1_9 Ozt
} DC Return
|
l

o,

*DC return is required for proper operation. It can be provided internally or externally.

PACKAGE STYLES

Dot or Short Lead for Input
Q.650~

0.530"
+0.010"

0.188"
+0.002" Dia.
A

0.129”~
} \ ’ +0.003"

0.310*

Y
+ Label Y Y
Input Qutput L 0.015" 0.012" 10{')2;073-
_ SMA (M) SMA (F) +0.001" Dia. +0.001" Dia. :

STYLEC

STYLEY STYLEL

m HEROTEK, INC. ¢ 222 N. Wolfe Road * Sunnyvale, CA 94086
B ClSafll Telephone (408) 730-1702 * Telex 508407 * Fax (408) 730-4015

P | |
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HEWLETT
- PACKARD

(D

RECOVERY DIODE MODULES
(IMPULSE TRAIN GENERATORS) | yange c/p.

COAXIAL STEP 13003 A/B

33004 A/B

o
33002 A/B |

|
!

Features

VARIOUS DRIVE FREQUENCIES AVAILABLE
100, 250, 500, 1000 MHz

NARROW OUTPUT PULSES
130 Picosecond Pulse Width With
10 Voit Amplitude

BROADBAND OUTPUT COMB
Useful Power at Each Harmonir
through 18 GHz

INPUT MATCHED TO 500

SELF-BIASED
No External Bias Required

RELIABLE
Rugged, Reliable Solid State Hybrid
Integrated Design

Description

These units are integrated step recovery diode “impulse
train” generating circuits matched to 500 at the input fre-
quency. All circuit elements necessary to produce the
impulse train are integrated into the hermetically sealed
cylindrical module. All internal joints are welded or thermo-
compression bonded for high reliability. Modules are also
availabe mounted in a 3 mm connector housing containing
a DC return which self-biases the diode.

Applications

When driven at the appropriate input frequency, the output
of these devices is a train of narrow, high amplitude pulses
at a repetition rate equal to the input frequency. The
resulting “comb” spectrum consists of lines at all multiples
of fiy up to and beyond 18 GHz. The outputs are useful in

14-2

many applications such as: measurement of the spectral
behavior of various linear components (filters and slow
wave structures); frequency and amplitude calibration of
receivers, systems, and antennas; frequency marking
systems; reference frequency generation for phase locked
systems; sampling phase-lock systems; local oscillator
drivers for coherent receiving techniques; multipliers; and
pulse circuit applicatigns.

In addition to drive frequencies of 100 MHz, 250 MHz,
500 MHz and 1000 MHz, other drive frequencies (any
frequency between 50 MHz and 3000 MHz) are avail-
able on special order.




33002 A/B
TEP | 23003 A8
LES | 33004 A/
IRS) | 33005 ¢/0

irement of the spectral
nents (filters and slow
implitude calibration of
is; frequency marking
s:ration for phase locked
sstems; local oscillator
niques; multipliers; and

of 100 MHz, 250 MHz,
rive frequencies (any
3000 MHz) are avail-

il gt

R Yol

Lt it

Specifications at Teagg=25°C
MAXIMUM RATINGS

Maximum power at input frequencyf?
Maximum operating temperature . . .. ......... 125°C

Notes: (1) Derate to 0.5W at 125°C.

INPUT SPECIFICATIONS

TYPICAL OUTPUT PULSE CHARACTERISTICS,
0.5 WATT DRIVE

*Fundamental line excluded. +Midband, see fsgures 7-10.

MECHANICAL CHARACTERISTICS

Size .... R —— .. See outline drawing
WEIGHT ovvunannimnmumessvs s wis s 10 grams
Materials Quter case, Kovar; connectors,

stainless steel

Finish BandDversions .................. Gold plated,
50 microinch minimum
AandCversions ............... . Stainless steel

TEMPERATURE EFFECTS
The comb generator is designed to operate over wide
ambient temperatures {(-55°C to +125°C). The SWR

remains below 2:1 and typical spectral line power variation
is about +2 dB over this temperature range.

BIAS

The circuit diagrams are shown in Figure 1. The “A" and
“C" versions are complete comb generators with DC return
and require no external bias. The module (“B* and “D*’
versions, no connectors) can be biased from either end by
using a bias tee.

WIDE BAND
DC RETURN

Figure 1a. Electrical Schematic of A" and "“C*" Versions

LTS

Figure 1b. Electrical Schematic of "B’ and ""D"* Versions

ENVIRONMENTAL CHARACTERISTICS

Temperature Storage ... -55°C to +125°C
Temperature Operating ......... .... -55°Cto+125°C
Temperature Cycling ....... MIL-STD-750, Method 1051

Test Condition A

Temperature Shock ........ MIL-STD-750, Method 1056
Test Condition A (“B” and “D" versions only)
Moisture Resistance ..... ... MIL-STD-750, Method 1021

Shock (nonoperating) MIL-STD-750, Method 2016

5 blows each X4, Yy, Y; orientations

0.5ms, 1500 g's
Vibration Fatigue ......... MIL-STD-750, Method 2046
e 3B4t18 .
{1.423 £ 0.0451

A" AND “C” VERSIONS

7.92 10.312)
DIA.
|NPUT 16514020 DUWUL el
i"‘:uzn: o Da0x.00 T 0257 (0.187 *oooz)
i |

MiIN, |

=10,

T0.08 o _ 253+nmncm

0.39 {0.0155]

NOM DiA. 166 550
+0.0031 0] |t}15+nm15n
10.144 g g0} - 0.0000

“B” AND "D VERSIONS

ALL DIMENSIONS ARE INMILLIMETERS AND [INCHES]
TOLERANCES UNLESS OTHERWISE SPECIFIED

X.X = 0.510.020) X.XX = 0.13 (0005}

#BLACK DOT INDICATES INPUT SIDE

Figure 2. Mechanical Qutlines

14-3
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The output of these devices consists of a train of very short In the frequency domain the output consists of power at
pulses periodic with the input frequency. all frequencies which are integral multiples of f;, up to and
In the time domain, the output is characterized by the pulse be\érond 18 GHz. All specifications are for 0.5 watt drive at
height, pulse width and the excess feed-through of the funda- 25°C casa temperature

mental frequency component to the output.

TIME DOMAIN

o o i A

2 VOLTS/cm . 2VOLTS/em
2 ns/em 1 ns/em
Figure 3. Impulse Waveform 33002A/B (100 MHz) Figure 4. Impulse Waveform 33003A/8B (250 MHz)
3 VOLTS/cm 2VOLTS/em
500 ps/cm - 200 psfcm
Figure 5. Impulse Waveform 33004A/B (500 MHz) Figure 6. Impulse Waveform 33005C/D {1000 MHz)

FREQUENCY DOMAIN

In the frequency domain the output is characterized by a  frequency. Fundamental frequency feedthrough is approxi-
line spectrum. The spacing of the lines is equal to the input mately 15 dBm with 27dBm input power.

0 +10
E E
@
= =
= 4
g 2
S £ =
3 3
£ g
z
2 g
8 18
FREQUENCY (GHz) FREQUENCY (GHz)
Figure 7. Spectrum Envelope of 33002A/B (100 MHz} Figure B. Spectrum Envelope of 33003A/B (250 MHz)
20 40 - 2
2 T TTTTTTS
- - | TYPICAL SPECTRUM 1
E +0 E +0p
2 3 = 1 4
- -
2 : r 2 MINIMUM
c 0P MiNIMUM = 10 SPECIFIED
; SPECIFIED ‘; POWER
2 aopH ’°TT l - 2 -2
1
M2 4 s 8 w1z 14 6w T T 4 s 8 10 9z s s
FREQUENCY (GHzl FREQUENCY (GHz)
Figure 9. Spectrum Envelope of 33004A/B (500 MHz) Figure 10. Spectrum Envelope of 33005C/D (1000 MHz)

14-4



13 ’:s i
g 2 |
1
- - 4
L, ; INPUT SWR
. 5 The input SWR is a function of the input power. The de- the SWR begins increasing. The point of minimum SWR
"’I"S'S“ of power at vices have all been optimized for minimum SWR at the may be adjusted if external bias is applied to the diode |
oles of fin up “_’ and nominal center frequency with .5 watt drive. Below .5 watts, (B and “D" versions only, which have no DC return).
‘or 0.5 watt drive at : %‘
C SWR Characteristics
; a0 : - . i
& i
5
i
2 VOLTS/em = 5 5
1 ns/cm 2 = z
£ TR
/8 {250 MHz) 9% 975 100 1025 10 b 20 20 260 270 |
; fyy — FREQUENCY (MHz) tyy — FREQUENCY (MHz) ;
5 i
¥ Figure 11. 33002A/B Figure 12. 33003A/B i
¢ |
2VOL1S/em & HE
200 ps/cm i ‘
o
-
/D (1000 MHz) Eil
Sg
&
-3
3 ;
- - -
sthrough is approxi- 2 5
iy : g
= fin — FREQUENCY [MHz) 1y — FREQUENCY (GHz)
i
i Figure 13. 33004A/B Figure 14. 33005C/D
: i
i
A/B (250 MHz) TEST SET-UPS .
Comb generators can be measured in the time domain using  must be interpreted very carefully because of the large 1]
T p a very fast sampling scope, or in the frequency domain  number of spurious responses when driven by the extremely 5 i
“CTRUM using several sweepers (as local oscillators), mixers and an  wideband comb generated by these devices. Use of a track- i
cl IF amplifier. Measurements made using a spectrum analyzer  ing preselector (HP 8445B) helps eliminate these spurious ;
responses, i
1 4] E
]
= 14 .8 18

/D (1000 MHz) 1




