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3. oa’nead uluras.

En este capitulo se describen algunas de las lineas futuras en el campo de los sistemas lidar.
Algunas de ellas ya han sido brevemente exploradas y serdn objeto de atencién de la actividad
del autor y de otros miembros del grupo de trabajo de lidar de la Universitat Politécnica de
Catalunya. Como se puede comprobar, estdn centradas fundamentalmente en los sistemas
coherentes.

3.1. SISTEMAS HETERODINOS.

Uno de los principales limitaciones de la deteccién homodina, empleada por el lidar coherente
descrito en la parte II, es su incapacidad para discriminar el signo de la velocidad. Asi, el sistema
es incapaz de distinguir si el desplazamiento Doppler es positivo o negativo: en ambos casos la
frecuencia de la modulacién en amplitud que aparece en la envolvente de la onda descrita en la
ecuacién (1.69) serd del médulo de la diferencia frecuencial Aw entre el oscilador local, y por
tanto de la sefial transmitida, y de la sefial recibida.

Esta situacidn no es ajena a los sistemas radar en general, y la estrategia habitual es emplear
receptores heterodinos (superheterodinos). En un receptor heterodino la frecuencia del oscilador
local estd desplazada un valor wg, conocido respecto de la portadora transmitida. Ello implica que
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para un desplazamiento Doppler nulo, el batido entre sefiales producird una envolvente de
frecuencia igual a lwgl. Habitualmente se elige un valor de wy, de valor absoluto superior al del
mayor desplazamiento Doppler esperable.
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Figura IV.8. Subsistema 6ptico de un lidar coherente heterodino.

En el laboratorio se han realizado algunas pruebas preliminares con un sistema heterodino basado
en el lidar coherente de la parte Il y que se puede ver en la figura IV.8. Se ha procedido a
desplazar tanto la sefial transmitida como la recibida, empleando un modulador acusto-Optico
modelo ISOMET 1205C [Isomet, 88] como desplazador frecuencial. Este desplazador produce
un desplazamiento de +80-n MHz, con n entero, para un angulo de entrada del haz igual a #n
veces el dngulo de Bragg [Saleh-Teich, 91]. Por lo tanto la frecuencia intermedia conseguida es
de +160-n MHz, dado que la luz atraviesa el dispositivo dos veces.

Para el dispositivo empleado, el dngulo de Bragg asociado a la componente fundamental es de
0z = 7 mrad (0,4°), lo que implica un pequeiiisimo desplazamiento respecto de la coaxialidad del
sistema homodino. En el prototipo probado en el laboratorio se ha obviado esta circunstancia,
absorbiéndose en las tolerancias de posicidn de los diferentes elementos 6pticos. No obstante, en
un sistema definitivo es interesante tener en cuenta este dngulo y construir una estructura rigida
tubular que lo incluya, a fin de no provocar desapuntamientos. En la figura IV.9 se han
representado las medidas de frecuencia de la sefial Doppler detectada, obtenidas con un
analizador de espectros, para velocidades positivas y negativas, para un angulo ¢ = 30°.

Sobre el efecto acusto-6ptico se puede encontrar informacidn bésica en la referencia [Saleh-Teich,
91] y més detallada en [Korpel, 88].
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Figura IV.9. Frecuencia de la sefial Doppler frente a
velocidad angular de giro del blanco rotatorio.

3.2. SISTEMAS COHERENTES BASADOS EN LASER DE SEMICONDUCTOR Y
OPTICA GUIADA.

El empleo de sistemas en Gptica guiada proporciona una robustez muy deseable en sistemas
comerciales. No obstante, el precio de los diodos laser (fuente ldser mds adecuada para trabajar
con sistemas en fibra) con valores de coherencia temporal adecuados a las necesidades de los
sistemas coherentes es atn caro.

3.2.1. Sistemas con mezcla en el propio diodo laser.

Las referencias [Rudd, 68] y [Churnside, 84a] ya proponian sistemas en 6ptica no guiada en los
que el ldser transmisor actda, ademas, como mezclador. No obstante, el sistema de Rudd, de
acuerdo con la referencia [Potter, 69], tiene una respuesta frecuencial que no llega a los 100 kHz,
lo que lo imposibilita medir velocidades superiores a algunos centimetros por segundo. El sistema
de Churnside, sin embargo, trabaja con un laser de CO,, cuya respuesta frecuencial es mucho mas
amplia, de unos 10 MHz, lo que permite, para una longitud de onda de /0 pm, medir velocidades
superiores a 50 m/s.

Diferentes autores ([Mul, 84], [Shinohara, 86], [Koelink, 92] y otros) han comunicado sistemas

basados en diodo laser en los que la mezcla dptica se produce en el propio diodo. La mayor parte
de ellos suelen detectar la modulacion en amplitud en el fotodiodo que suele acompafiar en el
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encapsulado a los diodos laser para monitorizar la potencia transmitida, o bien en la influencia
que produce en la tensién de alimentacién.

3.2.2. Sistemas con mezcla en un fotodiodo externo.

Se trata de la evolucion natural de los sistemas coherentes desarrollados en el presente trabajo.
Consiste en la reproduccion del subsistema 6ptico empleado en el prototipo descrito en la parte
II con elementos desarrollados en fibra 6ptica monomodo mantenedora de polarizacién. El mayor
inconveniente que presentan estos sistemas es, una vez mds, el alto precio de los diferentes
componentes.

El sistema estaria basado en el mezclador en fibra presentado en el apartado 1.5.6.2, en la figura
1.30. En la figura IV.10 se presenta una modificacién del anterior que incluye un modulador
acusto-6ptico con entrada y salida en fibra, lo que permitirfa la recepcién heterodina.

Modulado
Acus(&»r
T Optico
OL+Rx %X
ACOPLADOR DIRECCIONAL| LENTE
2X2 Tx/Rx
' ot

Figura IV.10. Prototipo de lidar coherente heterodina en fibra con mezcla en el fotodiodo.

YR, Circu!ador
Ao Speg  qy BLANCO
Optico Rx ) R
IACOPLADOR DIRECCIONAL
LASER+AISLADOR - 2X2
Tx Sefial
mezcla

Figura IV.11. Prototipo lidar coherente heterodino en fibra con mezcla en el propio diodo ldser
transmisor y deteccién en un fotodiodo externo.
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Otra alternativa posible es la que se presenta en la figura IV.11, en el que se emplea un circulador
Optico para separar el camino de transmisién y recepcién. Ademds, nos permite cambiar la
ubicacién del modulador acusto-6ptico, con lo que la frecuencia intermedia del sistema
heterodino es igual a la frecuencia fundamental de éste.

3.3. SISTEMAS PULSADOS COHERENTES. APLICACION A ESTUDIO DE LA
ATMOSFERA.

Otra de las actividades futuras en el grupo es la de los sistemas para medida de vientos. En la
referencia [Huffaker, 96] pueden encontrarse diferentes sistemas en funcionamiento actualmente.

El esquema bdsico parte del concepto de radar meteoroldgico [Doviak, 84]; en el lidar, sin
embargo, el procesado espectral no se realiza a partir de ecos procedentes de diferentes pulsos,
sino en la sefial procedente de un tnico eco. Esto es debido a que, a diferencia de lo que ocurre
en los sistemas radar de microondas, no existe referencia comin de fase entre los sucesivos pulsos
obtenidos de un laser que funcione con mecanismos como el Q-switching, o incluso en
estructuras Master Oscillator Power Amplifier (MOPA) con modulacién a bajo nivel. En este
sentido se han propuesto sistemas que emplean laseres pulsados mediante mode-locking, en los
que si hay continuidad en la referencia de fase entre pulsos [Gordienko, 91].

El esquema de la 6ptica del sistema es el que aparece en la figura IV.12. Como se puede apreciar,
el aislamiento entre sefial transmitida y recibida se consigue empleando diferente polarizacién
(circular de sentidos contrarios). Para ello se emplea un prisma Glan y una ldmina en A/4. Se
emplea un telescopio como Optica de transmisién/recepcion. El oscilador local se obtiene
generalmente del seeder del laser transmisor, o bien de otro oscilador maestro. La mezcla se
realiza empleando un acoplador direccional en fibra monomodo mantenedora de polarizacién.

A diferencia del lidar coherente de baja potencia desarrollado en este trabajo, se trata de un
sistema enfocado al infinito.

En la tabla IV.1 se han recogido los pardmetros bésicos del sistema. De acuerdo con €stos, se han

realizado célculos de la relacién sefial Doppler a ruido para sistemas con diferentes valores de
apertura de transmisién/recepcion. Los resultados se han representado en la figura IV.13
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-Energia por pulso: 20mJ
-Longitud de onda: 1,064 ym
-Potencia de oscilador local: 1 mW
-Responsividad fotodiodo: 0,19 A/W
-Ganancia de transimpedancia: 10 kQ
-Datos atmésfera:
Atenuacién (o): 1,2-10” dB/km
Retrodispersion (f): - 10 km™-sr!

Tabla IV.1. Caracteristicas del Lidar Coherente Atmosférico bajo estudio
[Montero, 98].

‘ Prisma .
Laser Aislador GLAN ——— | Telescopio

Expansor

Acoplador
direccional |

+ PIN

Figura IV.12. Prototipo lidar coherente para medida de vientos [Montero, 98].

Asi, se han considerado aperturas de 1, 5, 10, 15 y 20 cm de didmetro. Los cédlculos se han
realizado teniendo en cuenta los efectos de retrodispersién y atenuacion en la atmésfera (para
unos valores de retrodispersion B = 10%m’sr’ y de atenuacién atmosférica o« = 10 km ).
También se ha tenido en cuenta los efectos de coherencia espacial descritos en el capitulo 1.4. De
los cdlculos realizados se deduce que la apertura més adecuada para este sistema es lade 10 cm
de didmetro. Exigiendo un minimo de relacién sefial a ruido de 5 dB, el alcance del sistema es de
unos 3 500 m. Los célculos realizados para valores de apertura mayores de 20 cm de didmetro dan
como resultado alcances menores.
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Figura IV.13. Relacién sefial a ruido frente a distancia en un lidar coherente

pulsado para medida de vientos con las caracteristicas recogidas en la tabla

IV.11, para diferentes valores de didmetro de las aperturas de

transmisién/recepcién [Montero, 98].
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A.1. Especificaciones del fotodiodo C30902E.






JNEGzG OPTOELECTRONICS

)

22001 Bumberry Road
Vaudreuil, Quebec
J7V 8P7

Tel.: (514) 424-3300 Fax: (514) 424-3411"

C30902E, C30902S, C30921E, C30921S

Silicon Avalanche Photodiodes

DAT

High Speed Solid State Detectors for Fiber Optic
and Very Low Light-Level Applications

RCA Type C30902E ava-
lanche photodiode utilizes a
silicon detector chip fabrica-
ted with a double-diffused
“reach-through”  structure.
This structure provides high
responsivity between 400
! and 1000 nanometers as well
‘ as extremely fast rise-and
falltimes at all wavelengths.
Because the fall-time charac-
teristics have no “tail”, the
responsivity of the device is
independent of modulation frequency up to ahout
800 MHz. The detector chip is hermetically-sealed
behind a flat glass window in a modified TO-18 pac-
kage. The useful diameter of the photosensitive sur-
face is 0.5 mm.

RCA Type C30921E utilizes the same silicon
detector chip as the C30902E, but in a package
containing a lightpipe which allows efficient cou-
pling of light to the detector from either a focussed
spot or an optical fiber up to 0.25 mm in diameter.
The internal end of the lightpipe is close enough to
the detector surface to allow all of the illumination
exiting the lightpipe to fall within the active-area of
the detector. The hermetically-sealed TO-18 package
allows fibers to be epoxied to the end of the lightpi-
pe to minimize signal losses without fear of endan-
gering detector stability.

The C30902E and C30921E are designed for a
wide variety of uses including optical communi-
cations at data rates to 1 GBit/second, laser range-
finding, and any other applications requiring high
speed and/or high responsivity.

The C30902S and C30921S are selected C30902E
and C30921E photodiodes having extremely low
noise and low bulk dark-current. Thev are intended
for ultra-low light level applications (optical power
less than 1 p\WV) and can be used in either their nor-

i
N
N

L5711 L 933

C30902E C30921E
C30902S C30921S

RECA tnc., ElectroQplics

B High Quantum Efficiency
77% Typical at 830 nm

B (C30902S and C30921S in Geiger Mode:
- Single-Photon Detection Probability to 50%
— Low Dark-Count Rate at 5% Detection
Probability — Typically
15,000/second at +22° C
350/second at -25° C

— Count Rates to 2 x 105/second
B Hermetically Sealed Package

B Low Noise at Room Temperature
- C30902E, C30921E -
2.3 x 10-13 A/Hz1/2
- 30902S, C30921S -
1.1 x 10-13 A/HZz1/2
® High Responsivity —
Internal Avalanche Gains in Excess of 150

H Spectral Response Range ~ (10% Points)
400 to 1000 nm

M Time Response — Typically 0.5 ns

B Wide Operating Temperature Range —
-40° C to +70° C

mal linear mode (Vr<Vpg) at gains up to 250 or
greater, or as photon counters in the “Geiger” mode
(Vg>Vpg) where a single photoelectron may trigger
an avalanche pulse of about.108 carriers. In this
mode. no amplifiers are necessary and single-pho-
ton detection probabilities of up to approximately
50% are possible.

Photon-counting is also advantageous where
gating and coincidence techniques are employed for
signal retiiceval.




C30902E, C30902S, C30921E, C30921S

Optical Characteristics
C30902E, C30902S (Figure 13)

Photosensitive Surface:

Shape....coiiiiiiiir e Circular

Useful 8rea ... 0.2 mm?

Useful diameter ......c.coceevinivriienininicsnnanin 0.5 mm
Field of View:

Approximate full angle for totally

illuminated photosensitive surface.......... 100 deg
C30921E, C30921S (Figure 14)
Numerical Aperture of Light Pipe............. 0.55
Refractive Index (n) of Core....cocoveeeviinnns 1.61
Light Pipe Core Diameter......c...c.coccoeeenn 0.25 mm

Maximum Ratings, Absolute-Maximum Values

Reverse CGurrent at 22° C:

Average value, continuous

(0] o731 Ue) o FORUU SRR PRP 200 pA
Peak value (For 1 second
duration, non-repetitive. ..o eciininnnen 1 mA

Forward Current, I at 22°C:
Average value, continuous

OPEration....ccocviiiiiiiirrerere e 5 mA

Peak value {For 1 second :

duration, non-repetitive).....covviiierenenne 50 mA
Maximum Total Power
Dissipation at 22° C.....coeieeviecennenccciniinncns 60 . mW
Ambient Temperature —

Storage, T covvverenninnmnssnnnienen -60 to + 100 °C

stg
Operating, TA ................................ -40 to +70 °C
Soldering:
FOT 5 SECONAS cviuverrrerrnrnrrrernnersenssornones 200 °C
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Fig. 1 Typical Spectral Responsivity at 22°C
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Fig. 2 Typical Quantum Efficiency vs Wavelength
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Electrical Characteristics! at Ty =22° C

C30902E, C30921C C30902S, C30921S
Min Typ Max Min Typ Max Units
Breakdown voltage Vi, - 225 - - 225 - \Y
Temperature Coefficient of
Vi for Constant Gain 05 07 08 05 07 08 v/°C
Gain - 150 - - 250 -
Responsivity
At 900 nm 55 65 - 92 108 - AW
At 830 nm 70 77 - 117 128 - AW
Quantum Efficiency
At 900 nm - 60 - - 60 — Y%
At 830 nm - 77 - - 77 - %
Dark Current 1 - 15x10% N10¢ - IN1OH 3x104 A
(Figure 6) (Lhgure 6)
Noise Cuirent 1
f=10kHz Af=10Hz — 2 3x101¢ N10 1 - 1 1\10 2x10 1 AlHzv
(Figure 3) {gure 3)
Capacitance C - 16 2 - 16 2 pF
Rise Iime t,
R, =50 ? =830 nm
10% to 90% points - 05 075 - 05 075 ns
Fall Time
R, =50Q 7 =830 nm
90% to 10% points - 05 075 - 05 075 ns
Geiger Mode (See Appendix)
Dark Count Rate at 5% Photon
Detection Probabilitys (830 nm)
22°C - - — - 15 000 30 000 cps
-25°C - - - - - 350 700 cps
Voltage Above Vg, for 5% Photon
Detection Probability ¥ (830 nm)
{see Figure 8) - - - - 2 - \Y
Dead Time Per Exent
(See Appendin) - - - - 300 - ns
After Pulse Ratio at 5% Photon
Detection Probability {830 nm)
22°CH4 - - - - 2 15 Yo

1 At the DC reverse operating voltage Vg supplied
with the device and a light spot diameter of 0 25
mm (C30902E, S) or 0 10 mm (C30921E, S) Note
that a specific value of Vi 1s supplied with each
device When the photodiode 1s operated at this
voltage, the device will meet the electrical char-
acteristic limits shown above The voltage value
will be within the range of 180 to 250 volts

The theoretical expression for shot noise current
in an avalanche photodiode 15 1, = (2q (I4, +
(Ig,M? + P,RM) T) B, )12 where q 1s the electronic
charge Iy 1s the dark surface current, 1y, 1s the
dark bulk cunient T 1s the excess notse factor M
15 the gain P15 the optical power on the device
and B, 1s the noise bandwidth Tor these devices

F=0098 (2-1/M) + 002 M (Reference PP Webb,
R] Mclntyre, J] Conradi, “RCA Review”, Vol 35,
p 234, (1974)

The C30902S and C30921S can be operated at a
substantially higher Dectection Probabilities See
Appendix

After-Pulse occuiring 1 microsecond to 60 sec-
onds after main pulse
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Fig. 4 Typical Responsivity at 830 nm

Fig. 6 Typical Dark Current vs
vs Operating Voltage

Operating Voltage (V<Vpgg)

Note: Operation below 145 volts is not recommended, since the
device is not fully depleted below this value
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Fig. 7 Avalanche Photodiode Response to a 100 ps
Laser Pulse as Measured With a 350 ps
Sampling Head. (Horizontal Axis: 200 ps
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/Dhvision)

Normal Linear Mode Vg<Vgg
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(SION
N

Fig. 9 Passively Quenched Circuit and
Resulting Pulse Shape
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Fig. 10 Load Line for C30921S in the Geiger Mode
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Fig. 11 Typical Dark Count vs Temperature at 5%
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Fig. 12 Chance of an After-Pulse Within the Next
100 ns vs Delay-Time in an Actively
Quenched Circuit.

{Typical for C30902S, C30921S at Vg + 23)

495 ( 195)

oA
WINDOW 452(178)
38 (15 DIA PHOTOSENSITIVE
FA
APPROX. / SURFACE
OPTICAL i
DISTANCE m 419 ( 165}
127 (0%} ~_1 343135
53(021) ’
4301y 014
MIN LEAD
LENGTH = 13( 5) POSITIVE LEAD
{CATHODE}
100 (039}
69 (027) 4-’
i 546 {215)
521 { 205) O'A
117( 046)
91( 036} _._! i 127
NEGATIVE LEAD (050} ’
(ANODE}
920 $-5435R1

Modified TO-18 Package

Dimensions in millimeters Dimensions in paren-
theses are in inches.

Note: Optical distance is defined as the distance
from the surface of the silicon chip to the
front surface of the window.

Fig 13 Dimensional Outline - C30902E, C30902S
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91 (038} l l 22
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TO-18 Package

Dimensions in millimeters. Dimensions in paren-
theses are in inches.

Fig. 14 Dimensional Outline - C30921E. C30921S
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A.2. Especificaciones del integrado CLC425.






Comlinear
Corporation

APPLICATIONS:

e instrumentation sense amplifiers

e ultrasound pre-amps

» magnetic tape & disk pre-amps

« photo-diode transimpedance amplifiers _
» wide band active filters

« low noise figure RF amplitiers

« professional audio systems

« low-noise loop filters for PLLs

DESCRIPTION

The CLC425 combines a wide bandwidth (1.7GHz GBW) with very
low input noise (1.05nVAHz, 1.6pA/NHz) and low dc errors
(1001V vos, 2uV/°C drift) to provide a very precise, wide dynamic-
range op amp offering closed-loop gains of >10.

Singularly suited for very wideband high-gain operation, the CLLC425
employs a traditional voltage-feedback topology providing all the
benefits of balanced inputs, such as low offsets and drifts, as well
as a 96dB open-loop gain, a 100dB CMRR and a 95dB PSRR.

The CLC425 also offers great flexibility with its externally adjust-
able supply current, allowing designers to easily choose the
optimum set of power, bandwidth, noise and distortion perfor-
mance. Operating from 5V power supplies, the CLC425 defaults
to a 15mA quiescent current, or by adding one external resistor,

Ultra Low Nouse
Wideband Op Amp”~

FEATURES (typical):

» 1.7GHz gain-bandwidth product

« 1.05nVAHz input voltage noise

« 1.6pA/VHz input current noise

» 100uV input offset voltage, 2uV/°C drift

* 350V/us slew rate

+ 15mA to S5mA adjustable supply current

# gain range +10 to +1,000V/V

« evaluation board and simulation macromodel

quivalent Input Voltage Noise

.
\

1.05nVAHz

T

the supply current can be adjusted to less than SmA. " Pinout
The CLC425's combination of ultra-low noise, wide gain-band- ne [ 7 [E]Re optionan
width, high slew rate and low dc errors will enable applications in Vo 2] 7] +Vee
areas such as medlcall dla}gnosnc ultrasound, magnetic tape & N 6] Vou
disk storage, communications and opto-electronics to achieve v [3] Sinc
maximum high-frequency signal-to-noise ratios. -
The CLC425 is available in the following versions. Chip Topography
CLC425AJP  -40°Cto +85°C  8-pin PDIP Re Thickness is 0.014in.
CLC425AJE  -40°Cto +85°C  8-pin SOIC Vi +Voo Note: Backside
CLC425AIB~  -40°Cto +85°C  8-pin CerDIP Vaonny connected o Ve ftis
CLC425A8B  -55°Cto +125°C  8-pin CerDIP, MIL-STD-883 Level B 00w electrically connect
CLC425A8L-2  -55°Cto +125°C  20-pin LCC, MIL-STD-883 Level B the backside to the
CLC425ALC  -55°Ct0 +125°C  dice negative power
) pply. Contact
CLC425AMC -55°C to +125°C  dice, MIL-STD-883 Leve! B v Vou factory for more
Contact factory for other packages and DESC SMD number. 0000 ——d information.
Package Dimensions
I § o et
‘:‘g ?g—i " _”_':‘02 m ooy 0220-0310 -+
z0- omT 3 ‘,_o:ss»otos {559-287) 000 T
- (9.00-10.29) —
83-111) ¢ liﬂ_::;] ] %’: o b0 om-0z
— ey {11 /ﬂ:\
0.370-0.450 0.300 BSC
s Fag- 1 "T L os0-000 Teosm o Ju ! f’-‘z‘m" 0B [
i 0.145-0.200 T z7-209 ~! e (12785G)
L R60-500) 0.10085C 150X 0.008-0018 40630069 0.004-0010
u.m-o.nso:[ 02%-0410 0014-0026 puesa 020-040 (13%-17) _|_ow om) ‘<
B38|y gy 0015-000 }‘137"’1" £%-089) H“" ozos-{T ity BaEEUS
0090-0.110 0R-0sy ‘gg 0016-0050
220-279) p40-12n
8-pin plastic DIP 8-pin CERDIP 8-pin plastic SOIC
Comlinear Corporation e 4800 WheatonDrive e  Fort Collins, CO80525 « (303)226-0500 e« FAX(303)226-0564

DS425 01 (introductory)
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PARAMETERS CONDITIONS MIN AND MAX RATINGS SYMBOL
Ambient Temperature CLC425 AJ/AL -40°C +25°C +85°C
Ambient Temperature CLC425 A8/AM/AL -55C +25°C +125°C
FREQUENCY DOMAIN RESPONSE
gain bandwidth product Vo< 0.4V, 1.7 GHz GBW
1-3dB bandwidth Vou< 0.4V, 85 TBD TBD TBD MHz SSBW
Vo< 5.0V, TBD TBD TBD TBD MHz LSBW
gain flatness Vo< 0.4V,
t peaking DC to 30MHz 0.3 TBD TBD TBD dB GFP
1 rolloff DC to 30MHz 0.1 TBD T8D TBD dB GFR
linear phase deviation DC to 30MHz TBD TBD 18D TBD ° LPD
TIME DOMAIN RESPONSE . ]
rise and fall time 0.4V step 41 TBD TBD TBD ns TRS
settling time to 0.1% 2V step 22 TBD TBD TBD ns TSS
overshoot 0.4V step 5 TBD TBD TBD % (O}
slew rate 2V step 350 TBD TBD TBD Vius SR
DISTORTION AND NOISE RESPONSE )
2™ harmonic distortion 1Vpp, 10MHZ -50 TBD 78D TBD | dBc HD2
13 harmonic distortion 1V, 10MHz -80 T8D TBD TBD dBc HD3
34 order intermodulation intercept 10MHz 35 dBm IMD
1/f input voltage noise corner 500 Hz 1/F
equivalent noise input
voltage TBD to 100MHz 1.05 TBD TBD TBD nVAHz |VN
current TBD to 100MHz 1.6 T8D TBD T8D pA~NHz [ICN
noise floor TBD to 100MHz -165 T8D TBD 8D dBmy, [SNF
integrated noise TBD to 100MHz 12 8D T8D TBD rv INV
STATIC DC PERFORMANCE
open-loop gain . DC 96 77 86 86 dB AOL
*input offset voltage +100 +1000 |+800 +1000 || pVv vio
average drift +2 8 — 4 uv/ec o 1bvIO
*input bias current 12 34 20 20 pA 1B
average drift -100 -250 — -120 nA/°C DiB
input offset current +0.2 34 2.0 2.0 pA o
average drift +3 +50 — +25 nA/°C DHO
tpower supply rejection ratio DC 95 82 88 88 dB PSRR
acommon mode rejection ratio DC 100 88 92 92 dB CMRR
*supply current R=o 15 18 16 16 mA ICC
MISCELLANEOUS PERFORMANCE
input resistance common-mode 2 0.6 1.6 1.6 MQ RINC
differential-mode 6 1 3 3 kQ RIND
input capacitance common-mode 2.5 3 3 3 pF CINC
output resistance closed loop i 5 50 10 10 mQ ROUT
output voltage range Ri= e +3.8 +35 |x37 +3.7 Vv VO
R,=100Q +3.4 +28 +3.2 +3.2 \ VOL
input voltage range common mode +3.8 +34 +35 +35 \ CMIR
output current source -65°C/-40°C 90 60/70 1 70 70 mA 0P
sink -55°C/-40°C || ‘90 40/55 | 55 55 mA ION
V. Recommended gain range +10 to 1 OOOVN
|out short circuit protected to ground, however maximum reliabilry
is obtained if |, does not exceed... 150mA Notes:
common-mode input voltage 1V, * AJAl : 100% tested at +25°C, sample at +85°C.
differential input current diode protected +25mA t AJ : Sample tested at +25°C.
maximum junction temperature +175C t Al : 100% tested at +25°C.
operating temperature range * A8 : 100% tested at +25°C, -55°C, +125°C.
AJ/AL .40°Cto +85°C T A8 : 100% tested at +25°C, sample at -55°C, +125°C
A8/ AM/AL: ’ _EEo o * AL, AM : 100% wafer probed +25°C to +25°C min/max specs.
storag;3 ﬁemp/er';uure range 22"2 :g ﬂggog a SMD : Sample tested at +25°C, -55°C and +125°C.
lead temperature (soldering 10 sec) +300°C

Comlinear reserves the nght to change specifications without notice.
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A.3. Expresion completa de la ecuacion algebraica I1.15.

A2*B172*C2 + BI*B2*C2*D1 + A2*B1*D1*D2 + B2*D1/2*D2 + B1/2*C2/2*d3 +

2*B1*C2*D1*D2*d3 + D142*D2/2*d3 +

d1M*(A2*C1M2*C2 + C17A2*C2/2%d3) + 2¥A2*B1*C2*D1*K + B2*C2*D1/2*K +

A2*D172*D2*K + 2*¥B1*C2/2*D1*d3*K + 2*C2*D1/2*D2*d3*K +

A2*C2*¥DI172*¥KA 2 4+ C2M2*¥D12*d3*¥KA2 +

d1r3*(-2*A1*A2*C1*C2 - B2*C1/2*C2 + 2*A2*C1*C2*D1 - A2*C1*2*D2 -
2XA1*CI*C272*%d3 + 2*C1*C2A2*D1*d3 - 2*C1/2*C2*D2*d3 -
2*¥A2*CIM2*¥C2*K - 2*¥C1M2*C2/2*%d3*K) + A1M2*¥A2*C2%z0M2 +

A1*B2*C1*C2*z0"2 + A1*A2*C1*D2*z0/2 + B2*C122*D2*z0"2 +

A1M2*C272*d3*2072 + 2*A1*C1*C2*¥D2*d3*2072 + C1/2*D2A2*d3*2072 +

2*A1*A2*C1*C2*¥K*z0"2 + B2*C1/2*C2*K*20"2 + A2*C1/2*D2*K*z0"2 +

2XAT*CI*C2A2*d3*¥K*202 + 2*¥C1M2*C2*D2*d3*K*z0M2 +

A2*CIA2*¥C2¥KA2*Z20M2 + C1A2*¥C2A2*d3*KA2%20M2 +

d172*¥(A1M2*A2*C2 - 2*A2*B1*C1*C2 + A1*B2*C1*C2 - 2*A1*A2*C2*D1 -
2*¥B2*C1*C2*D1 + A2*¥C2*D1/2 + A1*A2*C1*D2 + B2*C1/2*D2 -
2*A2*C1*D1*D2 + A172*C2/2*d3 - 2*B1*C1*C2/2*d3 -
2*A1*C272*¥D1#*d3 + C272*D1/2*d3 + 2*A1*C1*C2*D2*d3 -
4*C1*C2*D1*D2*d3 + C1A2*¥D2/2*d3 + 2*A1*A2*CI1*C2*K +
B2*C172*C2*K - 4*A2*C1*C2*D1*K + A2*C172*D2*K +
2¥AT*C1*C2M2*d3*K - 4*C1*C2/2*D1*d3*K + 2*C12*C2*D2*d3*K +
A2*CIM2*¥C2*¥KA2 + C1/2*¥C2/2*d3*KA2 + A2*C1M2*C2*z0M2 +
CIM2*C272*d3%20M2) + d1*

(2*A1*A2*B1*C2 + BI*B2*C1*C2 - 2*A2*B1*C2*D1 + A1*B2*C2*D1 -
B2*C2*D172 + A2*B1*C1*D2 + A1*A2*D1*D2 + 2*B2*C1*D1*D2 -
A2*DI172*D2 + 2*A1*B1*C2/2*d3 - 2*B1*C2/2*D1*d3 +
2*B1*C1*C2*¥D2*d3 + 2*A1*C2*D1*D2*d3 - 2*C2*D1/2*D2*d3 +
2*C1*D1*D2/2*d3 + 2*A2*B1*C1*C2*K + 2*A1*A2*C2*D1*K +
2¥B2*¥C1*C2*D1*K - 2*A2*C2*D1/2*K + 2*A2*C1*D1*D2*K +
2¥B1*C1*C272*d3*K + 2*A1*C272*D1*d3*K - 2*C222*D1/2*d3*K +
4*C1*C2*D1*D2*d3*K + 2*A2*C1*C2*D1*KA2 + 2*C1*C2*2*D1*d3*KA2 -
2¥AT*A2*¥C1*C2%202 - B2*C122*C2%z0"2 - A2*C1/2*¥D2*2072 -
2XAT*C1*C2A2*d3*z0M2 - 2*C172*C2*D2*d3*20M2 -
2*A2*C1M2*C2¥K*z0M2 - 2*C1A2*C2/2*d3*K*2072)=0






A 4. Esquema eléctrico del buscador de portadora.
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A.5. Esquema eléctrico del bloque contador de frecuencia.






Jo

1

-oo:m_

8661 '8 AINf

Sieq

9T
ATd

T0 SATTVSIAN

JQUINN] 1UAWNDOQ

: 4
Eraiy

JOAVINOD

SIILL

SNOIDVIINOINOD I'TVANHS T30 VI¥O0AL 44 Ld4d

OpNOD

vidvi

e

vedvi

TTTT

1

jc]
ae O
o B

0s0p

050v

[eres)]
< RS

von

19149
s

19t
wn

S €173
en

(L7517
on

SOOA

al

ven

ToSWL

INOD

o

808984S

INNOD]

<=

SOOA

ON

AN XD

SV INdN

135 43ISYW
RITEEN

EEW
nou

nowi
nowi

o]~

LN XD

1

$O0A







A.6. Programa LabView™ del subsistema de adquisicién, medida y
presentacion del lidar coherente.
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A.7. Especificaciones del diodo liaser SDL-2100-E1.






SDL-2100 Series

teatures
1 W Peak Pulsed Power
High Efficiency, Low Threshold

1% Duty Facton,
10 mW Average Power

High Temperature Operating Capahility

1 Watt Puised GaAlAs

Laser Diodes

The high duty factor, high optical
power offered by the SDL-2100 Series is
achieved by a quantum well active layer

structure that provides low threshold and
highly efficient operation. An electrical-to-
optical power conversion efficiency of
20% is typical. These quantum well de-
vices feature a broad area emitter with
100 pm aperture mounted “p” up.

These devices are produced using
state-of-the-art metalorganic chemical
vapor deposition (MOCVD) techniques,
providing reliable, long life operation over
a wide range of temperatures. Greater
than 10,000 hour life has been demon-
strated at 1 W power, 100 ns pulse
width, at 125°C case temperature.

The SDL-2100-E1 is a hermetically
sealed TO-18 window package laser.
The multimode beam is useful for appli-
cations including time of flight ranging,
proximity detection, illumination, robotic
vision and point-to-point communica-
tions. The high duty factor and high repe-
tition rate provide 10 mW average power
for integrating detectors.

The convenient TO-18 package is
compatible with standard electronic fix-
turing and allows easy mounting in sys-
tem applications. '



Model Peak Differential Total Emitting Beam Threshold Operating ﬁ

Number Putsed Quantum Conversion Dimensions Divergence Current Current
Power Efficiency Efficiency WXH 0,.96,
(W) {mW/mA) (%) (Lm) { deg FWHM)) {A) (A)
SDL-2100-E1 1.0 0.80 (60%) 20 100 x1 32,12 0.4 1.5

Optical Characteristics

1 Features common to all SDL. 2100 Series laser diodes include LIGHT vs CURRENT TYPICAL EMISSION
CHARACTERISTICS SPECTRUM
Duty Factor of 1%

Spectral width of 2 nm FWHM
Maximum Pulse Width 1s 100 nsec
Temperature coefficient of wavelength 1s approximately
027 to 0 3 nm per °C
e Temperature coefficient of threshold current can be
modeled as
rH2 = by exp (T2 - T1)/Tol
where Ty 1S a device constant of about 150
| ] 1 1 { 1

f Temperature coefficient of operating current 1s approxi-
mately 0 5 to 0 7% per °C 6 05 10 15 805 810 815

O T o
-
o
T

o
0

1

e ——

PULSED OUTPUT POWER (W)

CURRENT (A) WAVELENGTH (nm)
2 Forward Voltage 1s typically V=15V +lgp X Rg
FARFIELD ENERGY FARFIELD ENERGY
3 Wavelength range of pulsed laser diodes 1s 830 + 30 nm DISTRIBUTION DISTRIBUTION \
Wavelength selection s available as an option  Refer to .‘
Price List for wavelength selection range vaniance and
price f
FWHM FWHM \‘M
=32° =12
. \
— \\\
{ | | | | | S S B
30 15 0 15 30 105 0 5 10
0 '] (degrees) 6,, (degrees)
&

98 et EH o



RS eh % X

Alisolute Maximum Ratings

Senes Forward Recommended Peak Reverse Case Storage Lead
Resistance Voltage at Case Pulsed Voltage Operating Temperature Soldenng
100 mA Temperature Power Temperature Range Temperature
(Q) (volts ) {°C) (W) (volts) (°C) {°C) {°Cfor 5 sec)

0.30 1.6 0to 30 1.1 3.0 -20t0 70 -55 to 80 250

Package Specifications 3% [Dimensions in inches (mm) except:where indicated

SDL Standard Tolerances: inches:  xxx = +002 mm: xx = +05
{uniess otherwise specified) xxxx = +0010 xxx = 025
E1 10-18 WINDOW PACKAGE
0 250 005 DIA
8-32 THREAD 003(07) (635+13)
012(30)DIA 0185 + 005 DIA
ANODE ( + ) LEAD 470=13)
0020 NOM (0 51) DIA —
LASER T 8,
; ouTPUT L
| 023
— ‘ AN (58) 9“
0040 £ 005 —={ |-
(100 £13)
1 50 NOM 630 — olw 017 AR COATED CASE IS CATHODE( - )
(38 1) 7 6) (a4) SAPPHIRE WINDOW



Safety And Operatiny Considerations 21 CFR 1040.10 Compliance
The laser ight emitted from this laser diode 15 invisible Because of the small size of these devices each of the labels shown s attached to the indmvdual shipping
and may be harmful to the buman eye Avod fooking contamner They are lustrated here to comply with 21 CFR 1040 10 as applicable under the radiations control
directly into the laser diode into the collimated beam for health and safety act of 1968
along 1ts optical axas when the device i1s in operation
CAUTION THE USE OF OPTICAL INSTRUMENTS SERIAL NUMBER IDENTIFICATION LABEL )
WITH THIS PRODUCT WILL INCREASE EYE HAZ-
ARD SDL,INC.
SANJOSE CALIFORNIA 95134 USA
Operating the laser diode outside of its maximum rat- MODEL SN
Ings may cause device falure or a safety hazard MANUFACTURED
Power supples used with the component must be WAVELENGTH Vop
employed such that the maximum peak optical power This laser product complies with 21 CFR 1040 as applicable

cannot be exceeded CW laser diodes may be dam
aged by excessive drive current or switching transi
ents  When using power supples the laser diode OUTPUT POWER DANGER LABEL
should be connected with the man power on and the
output voitage at zero The current should be in
creased slowly while monitoring the laser diode out
put power and the drive current

NV S BLE LASER RAD A XON
AVOID DIRECT
Thermal device degradation accelerates approximate E""Zi‘f;" e
ly as exp (-0 7eV/KkT¢) and therefore careful attention i o Energy 100/, 00ns
to mintmize the case temperature is advised For ex SEE MANUAL et
ample life expectancy will decrease by a factor of 5 if

the case 1s operated at 50°C rather than 30°C

PACKAGE APERTURE LABELS

A proper heat sink for the laser diode on a thermal ra
diator will greatly enhance laser ife  Firmly mount the
laser on a racdhator having a thermal impedance of
less than 5 O °C/W for increased reliability

INVISIBLE LASéE;T
RADIATION S T
ESD PROTECTION — Electro-static discharge ts TED AS SHOWN
the pnmary cause of unexpected laser diode fatlure
Take extreme precaution to prevent ESD Use wrnist 3
straps, grounded work surfaces, and ngorous anti- “E1" PACKAGE DIODES ‘

static techmques when handling laser diodes

Laser
3014 Radiation

in the United States and North America please contact: For other distributops please call:
A ontira Austraha [ Huht Cenneny fad a
Laseropt cs SA Coherent Scientfic  Landre Intechmy AMS Electronic AMS Oplotech  Laser Spectra
13727547 8352 1111 38870 05 16907 02 54 891268060 806 609 342
SDL Inc
ist uel ttaly Jop Other fands pnag Potand Hunoary
< )
80 Rose Orchard Way Isramex BFl Ibexsa Marubur Corp ACAL Aunema Superbin RBM R Braumann
San Jose CA 95134 1365 3647 4440 233100835 33659 9811 40 502 602 1499 3970 89 156 011
TEL %8 943 9411 Partugal Se Scandmavia S oga T e land Tanim ° UH
Photonet cs Espana Gamma Optronk POM Technologes  GMP SA Banin Entar AMS Electronic
FAX 408 943 1070 16777753 18 555 885 11788 0806 21634 8181 2917 2071 245496 212

)

Information contaned herein s deemed to be relable and accurate No respons bl ty is assumed for its use nor for any nfrnasments on the rants of others SDL resgrves the nght to change the design
specifications etc o the prodi ct at any time without notice

60 DCC 003 ED 0494
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