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Apéndice A

Intensidad dispersada por un

sistema LDA de una dimension

A.1. Desarrollo de la ecuacién (8.10)

Se ha presentado en el apartado 8.4 la expresién de la intensidad dispersada por una
particula, debido a la incidencia de dos haces de luz, formando entre ellos un angulo «
en un sistema LDA de una dimensién, con un determinado campo eléctrico E;,1 v Eino
o intensidad I;,; y I;jn2 en el punto de medida.

El campo incidente del haz 1 y del haz 2 plano paralelos, los podemos expresar en
notacién compleja calculados en un punto del espacio p, con vectores de propagacion y

polarizacién 1, p1 y Sa, ps respectivamente, de la forma

2[m @) i(wot—ks ~

Eini(p) = n1(p) l:_ /ey (A.1)
2]m 0 j(wyt—ks ~

Eina(p) = n2(p) /:_ eIt by (A.2)

con n,, el indice de refraccién del medio de propagacion de los haces, €, la permiti-
vidad dieléctrica en el vacio y u, la permeabilidad magnética en el vacio.

Aplicando las consideraciones y aproximaciones del apartado 8.2, el campo disper-
sado en campo lejano en cada punto de la apertura receptora (r, 6, ¢) por una particula,
moviéndose con una cierta velocidad en el espacio V, = (Vz, Vpy, Vj2), de coeficientes

de dispersién o1(60, @) y 02(0, ¢) para cada uno de los haces incidentes 1 y 2, son
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2[in1 Lo ej((wo+Aw1)t—k7")
E = W A.
dl (7”, 67 ¢) N €, Lr 01 (97 ¢) ( 3)
2Iin . ej((wc.«#Awg)tfkr)
Eu(r.0,6) = | =2 /22 ————— 02(6,0) (A4)

donde w, es la pulsacion de la senal incidente, Aw; y Aws son los desplazamientos
frecuenciales de las senales dispersadas debido al efecto Doppler.
La relacion entre la frecuencia o pulsacién Doppler de cada uno de los haces y los

pardmetros de la fuente y geometria , para cada haz en particular, es

El campo total dispersado en un punto de la apertura receptora (r,6, ¢) en campo
lejano, sera la suma vectorial de los campos eléctricos Ey = FEg4 + Fg. Sumando las

ecuaciones (A.3) y (A.4), tenemos

QIzn o 07 j — 217,71 o 97 i —
Edl(T797 ¢) _ ; 1 I/:_Ulg{:Tqb)ej((wo—&-Awl)t kr)+ / ; 2 //Z_UQ(ICTQS)ej((wO—I—AwZ)t kr)

(A.7)
y agrupando la expresién de forma maés conveniente
2 fpo e j(wo+Aw1 )t j(wo+Aws)t
Ey(r,0,0) = (| — /=2 3 o1\ Lipy WA g0\ [Ty (ot Aw2) (A.8)
Nm | € kT

Ahora que ya tenemos el campo total dispersado, aplicando la ecuacién (8.2), que
nos relaciona el campo eléctrico con la intensidad, que es proporcional al modulo al
2

cuadrado del campo | Ey |?, y sabiendo que

| By |*= B E; (A.9)

la intensidad dispersada sera
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n €
I, =2 /2 E E" A.10
1=\ 5, Faf (A.10)

Asi pues, a partir de la ecuacién (A.8) calculamos el médulo del campo al cuadrado,

2 o e dkr A _
|Ed |2 — N ’u_ = [0-1 /[inl e](wo+Aw1)t_|_0.2 /]inQ ej(wo—i-Awg)t] .

9 . Jkr . i
e ek [UT\/H eIt Bl 2 [y e ot Aw)E (A 11)
T

Mm €o

Si desarrollamos el producto de la ecuacién (A.11) y aplicando las relaciones tri-
gonométricas de una funcion cosenoidal con la funcién exponencial compleja, conocida

como funciones de Euler

(A | omil4)

cos(A) = —y (A.12)
R{e/MY = cos(A) (A.13)
obtenemos
(B = 2 e L 01(0,6) P+ Ll 02(6,0) P+
d - N e, k27"2 inl] 01 7¢ | in2| 02 7¢ |

+ VIinlinz 2R {01(0,9) - 03(0, ¢) - e@?ﬂfdopf)}] (A.14)

o expresada en funcién de un coseno

2 o 1
|Ed |2 = — K []m1|01(6>¢) |2+1m2|02(0>¢) |2+

N \| €, k212

+ ]inllinQ . D(‘g, ¢) . COS(QWfdopt — ’QD(H, ¢))] (A15)
k(§2 — 51)‘/;; _ Aw1 — sz

2 21

donde f4,, es la frecuencia Doppler, diferencia de las frecuencias Doppler de cada

Jaop = (A.16)
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uno de los haces dispersados, D(0,¢) es la amplitud de la componente alterna de la
mezcla o interferencia de los dos haces dispersados, y ¥(0, ¢) la fase de la componente
Doppler.

Una vez obtenida la expresion del modulo del campo eléctrico dispersado por una
particula en movimiento, producido por la incidencia de los haces de luz, la intensidad

dispersada en un punto del espacio, aplicando la relacion presentada en la ecuacion

(A.10), es

1
Iy(r.0,0) = W(L‘nﬂ 01(0, ) |* + Lina| 02(0,9) |” +

4 Ttz - D(0,6) - cos(27 faot — (0, gb))) (A.17)
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Apéndice B

Intensidad dispersada por un
sistema 2D-LDA

B.1. Desarrollo de la ecuacién (9.21)

Se ha presentado en el apartado 9.3 la expresién de la intensidad dispersada por una
particula, debido a la incidencia de tres haces de luz, de subindice A, B y C, formando
entre ellos un angulo a en un sistema LDA de una dimensién, con un determinado
campo eléctrico Eyua Einp v Einc o intensidad ;4 Iinp v Linc en el punto de medida.

El campo incidente del haz A, haz B y haz C plano paralelos, los podemos expresar
en notacién compleja calculados en un punto del espacio p, con vectores de propagacion

y polarizacién $4, pa, Sg, P ¥ Sc, Pc respectivamente, de la forma

2]m 0 j(wyt—ks ~

Einai(p) = n—A(m 5_ el (wot—k AP)pA (B.1)
2Im o i(wot—ks ~

Eins(p) = n—B(p) 'Z_ eI wot=k3np) 5 (B.2)
QIin [ —k3 ~

Emc(p) _ nC(ﬂ) IZ_ e](wot kscp)pc (B?))

con n,, el indice de refraccion del medio de propagacion de los haces, €, la permiti-
vidad dieléctrica en el vacio y u, la permeabilidad magnética en el vacio.

Aplicando las consideraciones y aproximaciones del apartado 8.2, el campo disper-
sado en campo lejano en cada punto de la apertura receptora (r, 6, ¢) por una particula,

moviéndose con una cierta velocidad en el espacio V, = (Vz, Vpy, Vj2), de coeficientes
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de dispersion o4(0, ¢), op(0,¢) v 0c(0, ¢) para cada uno de los haces incidentes A, B y

C, son
Eur(r6.0) 2711:,4 ;;_ ez’((wo+::A>tkr> 0 -
Bup(r.0,6) = 2717:3 /:_5 ej((wo+:;us)t—kr) 05060, 4) (B.5)
Bao(r 6.6) = | e [ila @mremern (B.6)

. €o kr

donde w, es la pulsacién de la senal incidente, Aw,, Awg v Awe son los desplaza-
mientos frecuenciales de las seniales dispersadas debido al efecto Doppler.
La relacion entre la frecuencia o pulsacién Doppler de cada uno de los haces y los

parametros de la fuente y geometria , para cada haz en particular, es

AU}A = k(f — §A)VZD (B7)
ch = ]{?(f — §C’)‘/p (Bg)

El campo total dispersado en un punto de la apertura receptora (7,6, ¢) en campo
lejano, sera la suma vectorial de los campos eléctricos Egpp = Ega+ Eqp+ Eyc. Sumando
las ecuaciones (B.4), (B.5) y (B.6), tenemos

2[Z’n o 6
Epp(r,0,¢) = \/Ai //LM J((wot-Dwa)t—kr) 4

2linp [11005(0.0) j((worawp)i-kr)
N €o kr

. u 9, eg(woJrch)t k) (B.10)

y agrupando la expresién de forma mas conveniente
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2 ° e_JkT j (w w 1(w, w
Egpp(r,0,¢) = “n_”/:_ Iy [01\/Im,4 eJ(wot2 A)t+03m elwotAwp)t |

+ oo Iinc ej(w0+AwC)t] (B.11)

Ahora que ya tenemos el campo total dispersado, aplicando la ecuacién (8.2), que
nos relaciona el campo eléctrico con la intensidad, que es proporcional al modulo al

cuadrado del campo | Egp |?, y sabiendo que

| Egep |*= EwpElp (B.12)
la intensidad dispersada sera
Nm €o %

Asi pues, a partir de la ecuacién (B.11) calculamos el médulo del campo al cuadrado,

2 o e dkr ) ,
| Eqap |° = \/ o /:— . [UA\/ Lipa € WotBwAt o oS g @ WotBAws)t |

. | 2 [n, e ,
+ ooV Ilinc ej(wﬁch”]- — ’l:_ ek:r o4V Lina eI (wotAwa)t

+ ot /T eI BuR) o ST e—ﬂ“’o*AwCﬁ] (B.14)

Si desarrollamos el producto de la ecuacién (B.14) y aplicando las relaciones tri-
gonométricas de una funcion cosenoidal con la funcién exponencial compleja, conocida

como funciones de Euler

7(A) —i(A)
cos(A) = % (B.15)

R{e/ DY = cos(A) (B.16)

obtenemos
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2 Ju, 1

[Eap [P = =% o [Tinal 04(0,0)  + Lius| 05(0,9) [ + Linc| 0c(6,6) |

+ V [inA[inB 2R {O—A(ea d)) : 0*3(97 ¢) : 6(j27rfd0pA_Bt)}
+ VInalno - 20 {04(0,0) - 050, 9) - € Feora-cV |
+ VInplinc - 2R {03(9; ¢)-0c(0,9)- €(j27rfd°p3*ct)H (B.17)

*

o expresada en funcién de un coseno

2 o 1
[ Eop [P = 52— [Linal 04(8,6) P+ Tus| 05(8,6) '+ Lcl 0c(6,6) I +

Nm
+ V znAIan DQDA B 97 Qb S(Qﬂ-fdopA,Bt - 77Z)2DA,B (07 QS))
+ V inAIinC’ : D2DA,C 0, ¢) S(QWfdopA,ct - 7702DA,C (07 ¢))

+ V [inBIinC : DQDB_C 9, ¢) 5(27de0p3_ct - wZDB_c(ea ¢))] (B18>

k(§B—§A)V;, AIUA—AU)B

depA_B = 27T - 27]' (Blg)
k(§o—§A)v AwA—AwC

fdopa_c = o s o (B.20)
kgc—gBV A’UJB—AU)C

depB_c = ( 27T ) u - 27_‘_ (BQ]‘)

donde fiop, s+ faopa_c Y fdops_o son las frecuencia Doppler o de batido, diferencia de
las frecuencias Doppler de los haces dispersados dos a dos, Dap, ,(8,¢), Dap, (6, ¢)
v Dap,_ (6, ¢) son las amplitudes de la componentes alternas de las mezclas o interfe-
rencias de los tres batidos, y ¥ap, ,(0,0), Y2p, (0,0) y Yop, (0, ¢) las fases de la
componentes Doppler.

Una vez obtenida la expresion del médulo del campo eléctrico dispersado por una
particula en movimiento, producido por la incidencia de los haces de luz, la intensidad

dispersada en un punto del espacio, aplicando la relacion presentada en la ecuacion
(B.13), es
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T (10,9) = 25 [Tnal 04(0,6) '+ Lus| 05(0,0) [+ inc] 7c(0,6) | +
+ VEualos D, y(0,0) 052t = Vanso(0,0) +
+ VIaluo Do, o(0,0) OS2 ot = ban,o(0,0) +
+ VTinsTnc - Danyo(0,0) OS2 faopy ot = Yapy o(0,6))] (B.22)
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Apéndice C

Vectores del sistema LDA con haces

en el eje X

De una manera andloga, en este segundo caso, dos haces de luz localizados en el
eje X y —X, se focalizan mediante una lente transmisora localizada en el plano XY,
formando un dngulo B3 y (34 respecto a la bisectriz (eje Z), con vectores de propagacién

S3y 84 v vectores de polarizacion ps y pq, definidos en la figura C.1

Apertura TX

Apertura RX

Haz 3

Particula

Figura C.1 Geometria Sistema LDA con haces en el eje X

Los vectores de propagacién y polarizacién unitario, en funcién de las coordenadas

cartesianas (x,y,z) y del dngulo 33 y (B, del haz 3 y 4 respectivamente, son
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-§3 = [_ Sin(ﬁ‘i)’ 07 COS(ﬁg) ]

S84 = [ sin(fy), 0, cos(fy) |

ps = [ cos(fs), 0, sin(fs3) |

ﬁ4 = [ COS(ﬁ4), 07 _Sin(ﬂ4) ]

(C.4)

A partir de los datos anteriores, podemos calcular los angulos 03, ¢3 y 04, ¢4, v los

vectores unitarios €g,, €4, ¥ €q,, €4, substituyendo las ecuaciones (8.54), (8.55), (8.56) y

(8.57) en (8.58) (8.44), (8.43) y (8.41).
4 Relacién angulos haz 3 (03, ¢3):

—xsin(fB3) + z cos(F3)

a2+ y?+ 22
1/2

[[y cos(83)]* + [z cos(Bs) + =z sin(Bs)]* + [y sin(B3)]?] /

cos(f3) =

Sil’l(‘gg) =

x cos(f3) + zsin(fs)

sin(f3)\/x? 4+ y? + 22

cos(¢s) =
Y Relacién angulos haz 4 (04, ¢4):

xsin(fy) + z cos(fs)

[ly cos(Ba)]? + [z cos(B:) — zsin(B)]? + [y sin(5,))?]

cos(fy) =

2

sin(6,) =

Va2 +y? + 22
x cos(fy) — zsin(Fy)
sin(0y)y/ 2% 4+ y? + 22

"I Relacion vectores unitarios haz 3 (€g,, €4,):

cos(¢py) =

é93 = [é9317 é93z7 é€3z]

(C.5)

(C.6)

(C.7)

(C.11)
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~

zx cos(fs) + 2% sin(fs) + y? sin(53)

sin(f3)\/x% 4+ y? + 22

~

6032 =

. —ywsin(Bs) + zy cos(f3)

€p
3y sin(03)/x? + y? + 22

—y? cos(B3) — x? cos(B3) — w2 sin(/33)

sin(f3)\/ 22 + y? + 22

é¢3 - [é¢3z7 é¢3zv é¢3z]

. —1x cos(33)
e =
Py sin(f3)y/x? 4+ y? + 22

_ zsin(f3) + x cos(f3)

e e
#3u sin(f3)y/x? 4+ y? + 22

. —y sin(/f3)

e =
93 sin(f3)\/ 22 + y? + 22

I Relacion vectores unitarios haz 4 (ég,, €,,):

A

é94 = [é041‘7 é94z7 é94z]

zx cos(By) — 2% sin(By) — y?sin(By)

6941 -

604z -

sin(f4)\/ 22 + y? + 22

. yzsin(By) + yx cos(By)

€0,, —
Y sin(0,)\/2? + 32 + 22

—y? cos(By) — 2% cos(By) + zx sin(By)

sin(04)/x? 4+ y% + 22
é¢4 = [é¢>4z7 é¢4z7 é¢4z]

. —ycos(fs)

e 4o
i sin(fy) /2% 4+ y? + 22
. xcos(By) — zsin(fy)

e =
P Sin(0) /7 + g+ 22

(C.12)

(C.13)

(C.14)

(C.15)

(C.16)

(C.17)

(C.18)

(C.19)

(C.20)

(C.21)

(C.22)

(C.23)

(C.24)

(C.25)
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5 ysin(fy)
i sin(04)y/2% + y? + 22

(C.26)
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Apéndice D

Especificaciones laser y equipos de

medida
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D.1. Especificaciones laser Monocrom 532RHS80
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Fx.-(34-3) 814 3767 Ti-B14 3736
E.mail: monccromi@mundiviz.es
MONOCROM S.L.

FPolind. Roguetas

E-08800-Vilanova i La Geltri- Spain
VLA T.: ESBE0355048

532RH80

ﬁmuocndﬁ

[ 2001

DIODE PUMPED SOLID STATE CW GREEN LASER

GENERAL SPECS.
Qutput wavelsngth 532 nm
Iin/Max .Po @ 532Z2nm GOMED mW
Laser class product {EMN-G0825) | 3b
Divergence {(tvp) 10 mrd
Beam diameter (1/&) 1mm
h* <3
Folarization Lineal
Cperation temperature range 156 to 45°C
Fower stability [%] short term ;<5
long term: 10
Fointing stability [rd] {angular drift)
{lateral drift)
Moise (30 HZ to 2 Mhz) [% rmas] | =<0,5%
Cooling TES
Expected lifetimes @ Fo max. = 5.000 hr
Warm up time =5 min. (o get Po and Pointing stability)
Estate and warnign output Power & Laser ON.
signals (by SUB-D9 connector) | Over temp. & Over cument
Fower requirsments o /4 A
Dimensions Laser unit  160x75x50mm
Power supply  120x30mm

Other optical specs. to be considered with diffsrent lens systems.
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D.2. Especificaciones medidor de potencia 6ptica Anritsu
ML9002A
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OPTICAL MEASURING INSTRUMENTS /mritsu

OPTICAL HANDY POWER METER

Ly P

The MLOD0ZA is a compact handy power meter with a measurament
lewel as wide as other more expensive instruments. Seven oplical
sansors are avalable for different wavelengths, measuremeant lavals,
and oplicd input typss. Each can be calbrated for three common
wavelengths g0 absolute optical power can be read directly. Each
oplical sensor ean gither be incorporated directly in the main frame
of connected using a connecting cord. The MLE0D0ZA can be used to
chech optical disks, opfical printzrs and oplical communications sys-
tems and can back-up on-side operations as a powerful mutifunction-
al measuring instrument for maintenancs,

1

® Accurate optical power measurement
The power of a narrow beam can be accurately measured even when
an adaplor is changed becauss anti-reflection oplical ssnsor is usad.
* Long-distance measurement with wide measuremant level

range
An un pracedented wide measurement level has been achieved in this
handy cptical power meter. Optical power of —70 1o +3 dBm (MASEE1 A
Cplical Power Senser) in the 1.3 pm band and 70 to +10 dBm
(MA84 234 Oplical Power Sensor) in the 0.85 pm band can b= mea-
sured.
# Direct absclute power readings for three wavelengths
Each optical sensor is calbrated at thres wavelengths (0.6330.78f
0,85 pm or 0,660, T B5 pm for short wavelengths, and 0.851 .31
1.55 pm for long wavelengths). The absolute power is indicated au-
tomatically just by switching to the measured wavelength.
# Flexible measurements
Two types of connedions, a plug-in system {sensar incor porated into
main frame), or a cord system (sensor conneded using connecling
cord), are possible so that measurement capabilities are fleaxdbls.
* Monitoring without cutting optical fiber
The opficd power in an oplical fiber cable (00,25 mm, Uv-coabted
fiber) can be measured by using the MAST22A Optical Power Sensar.
& Compatible with various connectars
The MLIN0ZA can be quickly connected to FC, Dd. RUNGE, 5T, DIN,
DIAKCND, and SC connedors just by replacing the connecior sdaptor.

Oplical Sansoms
MASAZ1A, MAAAZ3A, MASGZTA, MASTZ1A, MASTZIA

IMZ80134 IABDOES,
Sansor Hoklar Sareor connacing Sensor Adapior

o =

=>o0—0 o)

MASTAZA,

oplkal
HENsT =

AT 4225
aptical
ngnr -@ =
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Flber comd wih plg

| ——

Glass [ber

Flaztic e

Light ranvalieg

Ihmugh ITes spaca

iz

W

4 0.25 1rm |ackal

dametar Nber

)

NABKIEA
Connedor Adaplar

{9

—— >

—

|

>

MAB0134
Flbsar Adaplor

MASID0GA
Connector Adaplor

o

L

TAPEGA FIber Adaplor

AR D Connaclor Adaptor

—

PA16A Flber Adaploy

"~

VvV

Zinritsu

MASZ AT A
Oplical Sensor

WiEn

Tl G621 B2 20, DA Sersor

MASIDSA Connector
Adaplor allached

MADAZ 1A 230aTH A,
Cplizal Bensor

i

MABZADAZIA T2 A
Oplical Sensor

| W

A2 24 Dptical Sersor

MAST224 Oplical Sensor
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OPTICAL MEASURING INSTRUMENTS

/mritsu

Unit display W, Wire, dBm, and dBiney, selaclabl, 4 dighs
Reacorder aulpul 1 Wulkscale, 0316 Vis dB
£ [ Aweragrg CHICFF sellings
£ [Rangsran Fange satings
T | Burzer 1 4E sound Ireshakd leval sefting
At power ofl Aller & minules non-use jwilh nlemal Hi-Ca allery)
CImendons and mass o0 (W) X 1565 {H) x 38 [D) mm, =704
adel MAARA | mAmaza | MADAZIA MASEZ1A meorea | maomaa | maorza
wewekngth (pm) EERE n7Ek 17 0750 1.k
Element 51 photodicda msme G2 pholdode
é Acttve araa diamaler 9.5 mm | & mm 1 mm & mm 1mm amm
FC oonnector FC connaclor ay
2| rput CHract adapiar Diract adaplar Diract
50 o +20 —50 ko +20 70 o +10 —70kn +3 —0loHDn [G0to+3E 13| -S0toEis
WMeasLrement range (f8m) | g peeymy | jatosspmy | qatosspmy | ttspmy | oat1spmy | pm o doecy | pm, oo aong
16 (1B (Hix - 20 W 20 H) x
Dimenslons and mass 143 [ mm, £200g 30 (W) 2 30 {Hyx 37 (D) mm, <100 g 280y mm, <300 g
MEAELIEmEn] aonuracy +E% (—104Bm, CW mae) [ #5510 dBm, OW mode;” Nerl speciizd
Calbralion wawvalength 0230, 78086 pm |I:L613.'EI.IB.'EI.85 |.|m| 0AE1.31.65 pm Hiol spaciliad

Kzasurement resciution

Wiy 0.1 10 1%, dBmdBee; 0.01 dB

Crverall

Oparaling hours

20 hr ar mara, ating operation possibl {on Intemal MI-Cd batiery)

Temperatura range

Cpamaling: 0° o 50'C, Storage: -0 |0 507G, Rechargng: 10° o 450

EMC*

EMESDT: 1991, Group 1, Class &
EMEODEZ-1: 1862

Sakly

ENE1D0-1: 1563 {Installalion Calegory 1, Polution Dagree 1)

+1: Used for D26 pm jacket diametar Nber
2. Forwavalength 1.55 p, It 15 specified ab 25 45°C
+3: Elclomagnelic Compalbiity

Plesse specify model'order numbser, name and quantity when ordering.

Medel Crder Ho, Hama
Maln frame
KLA0IZA Oplizal Hardy Powear Maler
Optical sensors
MAS421 & Oplical Sansor
Mag4z2h, Opliczal Sansor (Thin sansor)
MAS42348 Oplical Sansor
MASE21 & Oplizal Sansor (MASDIEA Connaclor Adaplor allachad)
MAST21 8 Oplical Sansor
MAaTE A Oplizal Sansor (fibar Hantification sensor)
MAaT238 Oplical Sansor (MA900ES Connaclor Adaplor attachad j
Slandard accessorles
F0178 AL adaptor 1pe
JO T Pawer cord, 25 m: 1po
Bo2az Elank panal: 1peo
WDAICE MMLEDD2A Inetruction manual: 1 copy
JOdTT Aulo-powear-ofl cwamide plug: 1 pz
Optlonal accessorles
KAAA0G5 A Connedar Adaptor (lor oplical sersan)
MAG00EA Sansor Adaplor (for sansor connacling cor ST
NPEGA Fioar Adaplor (<150 pmdad dia, 95 b 1.0 mm [ackatdia.
5 5=bln] Connedar Adaptor (or P934 and MPE16Aj
MAa0134 Flber Adaplor
WZB01 34 SerEnt Hokder
JoosER FCHC-2M5M (FC oplical fiber com, 2 m, Sh)
JEane FCFC-26GI FC oplical Nbar cord, 2 m, Gly
436 Sansor conneching cord 5 {lor MLSI02A sensos)
JOGR Recardar culpul cord
F017a Carmying casa (wih shaulder strapj
Z01a2 Soft case
Bz Ealtary box

Tplich Ho. CpICal conrecion
Fal 04
72 RUNGE
Za Amphenal Type 906
FT] OF-2
] T
35 HP-5h%, Amphenal Type 905
T aT
] niM
40 B0
1 TocPTe™

. Choose from the options [E2d niha flowing lEk when orarng ron-FC

optiEl conneclor.

*1: 3.6 mm diamaler fandk, MS sorew
*20 For MAS4214, MAI4Z3A only
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D.3. Especificaciones analizador de espectros Anritsu
MS2661B
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Z/inritsu
MS2651B/2661B

Spectrum Analyzer
9 kHz 10 3 GHz
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SEecifications

Except where nobed ctherwise, spedfied valuss are obltained after warming up the equipment for 20 minutes at a constant ambient tempeara-
ture and then performing calibration. The typical values are given for reference, and are not guaranieed.

Kodeal MS26516 | ME2661E
Fraguency range 9 kHz 1o 3 GHz

Display fraquency - (dEpley TEOUENTy * rEferences MEUency actUracy + SPan* span accursey + 100 Hey
accuracy «5[AM: 210 kHz, alter callbmtion
:}:;KIE; EEE'I]'E:C;? mormal: Same Bs dspEy requency accuracy, Delfa: Sams &5 MRquency SpEn JcCiracy

0 Resnllkan: 1Hz, 10 Hz, 100 Hz 1 KHZ ]

Frequency counter Aeriracy: DEplay Mequency * referenoe Eouency accuracy «1 LSO fab SN =20 dB)

selling @nge: G Hz 1kHz 1o 3] GHz
ACCURGY: =2 5% (span: 210 kHz)

aEling range: 0 H2, 1 kHE 0 3.1 GHz

Fraguancy span

Ry i Al 4% (span: <16 kHz with nplion 07)
& Setling range
2 |Resclution TRHE, FHHZ, 100 kHz, 30KHE, 1D0KHE, 300 kHe, 1 MHZz, 5 MHzZ (marally setlabks, o adinmaticaiy seftatie
g |pandwiatn Rew) accoming torequENcY SPAN] *Opton 02 (MS2E61E only: 30 Hz, 100 He, and 300 Hr ans added,
& |2 9B bandwidth) MEASLIE RGNS of nol=a, CIN, acarenl Charmed prwsr and Channe pOser By TESsumE Ucton am sxecied
Wittt e Calcualet equivaknt noise bardwidin of He REW
Selecivly (B0 dBE : 3 dB): =107 (REW: T 1o 300 kHZ), - S15:7 [REW: 1, 4 MHZ)

Video bEncwidth (WEMW] | 1 He o 3 MHz [1-3 sequence). OFF [manually ssabke or adomatically settable acoording o REW)
hols: sldeband; <-50 dBc’He (1 GH2, 10 kHz oiises) | Mol sideband: ==100 dBcHE (1 GHz, 10 kHz oflza)
Malss stdeband, Residua FM; <20 Hep-pio.l 5 (1 GH2, span: 0 H
stabllity Frequency drift: <200 Haimin {spart: <10 kHzan, swesp ime: 100 5)
=Afler 1-hour wanmrup at constant ambkenl empeEue

Frecjuesncy: 10 MH2
Reterence osclllatar Ading mbe: 2= 104 year (ypical]; Oplbon 01 74 10 Yyaar, 2 = 10%0ay
Temparatire charschenstics: 1% 107 fypical, 07 to S0°C); Oplion 97 =5 = 707 [0 o 5070 referenced to 25°0)
Measurement range: AVEEQE nose eve o - 30 dBm
Maximum npul el +30 dBm {CW average power, BF AT 210 diE), « 50w
Averade nolse evel:

£-1 14 ddm [1 MHz to T GHz).

PNETRgE NOIEE el =114 dBm + TGHz] dB (=1 GH2
<-110dBm (1 MHz 10 1 GHz) <-114 dBM (1 MHz tn 1 GHE, ‘8l Cption 08
e b b L =110 dBm + | [GHz] dE (=1 GHz) preamplier InsEled),

*REW. 1-KH2, VEW: 1 Hz. BF ATTED OB £-114 dBm + 1.5 [GHel dB (=1 MHZ, al Cption o
Residua Tespon=ge, pre-ampliner instaled)

=-85 dBm (RF ATT 008, inpi: 50 0 terminaion *REW: 1 kHz, VEWV: 1 Hz, RF ATT: O 0B

1 MHzZ o 3 GHr) Residual respose

S-100 cadm {RE ATT O i, Inpul: 508 iermiration,
1 MHz 1 3 EHE)

+1.3 dB (100 KHz b 3 GHE) *=Lesd measurement accuracy aler callbration using internal callibration skgral
Total level accuracy Total kel acouracy: Relemnce level aoourecy o0 1o -49.9 dim) + mguency iesponse « o iInearity

210 -20dB] + calbration Skl Sounce Acclracy

SeHing rance
Log scakz: -100 ko +30 dEm, Linear scale; £24 o 7.07 ¥
Lt
Loy scake: dHm, dBpy, dBmy W dEpvent. W dBpim
Linzar scak

o RelErence v AcCuracy
E Reterance lavel 4 diE [-42.58 o 0 dBm), «0.75 dB {-658.8 o -80.dBEm, 21 10 +30dEm], «1.5 diE {-80 o -7 dim)
= =Aller callbiration, at 102 Mz, 1 MHz span fwhen KE-ATT, REW, VEW, and sweep Hime =810 ALTO)
E REW swiChing unceranty: 0.3 dE (1 kEH2 107 MHzZ). =04 di (5 MHz)  «ater calbmation. eferaioed o REW 3 kHE
INpLE atenuator (RE A1T)
Salting range: 010 70 di (10 dB sleps) =hanaly setabie, or auinmaticaly seitaske acooring o Eerence e
Switching uncertainty: 03 dB O 1o 50 diB), 7,048 10 dB)y
=aftar calbration, frequency 100 MHz, rferenoed 1o BE ATT: 10 dB
+0,5 dB (100 kH2 ko 3 GHE, referenced to 100 MHz2, RF ATT: TOdA, 187 (]
Fraquency response +1.5 dB (9 In 100 kHE; eierenced 10100 MH2. RE ATT: 10 diE, 18" in 2B8°C

+ 1.0 (B (100 kHz b 3 Gz, rderenoad bo 100 MHz, RF ATT: 10 1o S0 dE] )

Srale (10 div)
Lng'scake: 10,5, 2, 1 d&iy
Linear scake 10, 5, 2, 1%y

Wavetorm I1|5|‘.'I|E_'f L |I|I‘.Elr||':|' -:.-i ler cHltyation] ; ) - )

Logscake; 0.4 dB [0 o -20 oB; KAV €1 MHz2), £ 1.0 08 0 1o - 70 oB, REW: <100 KHz)
£1.5 08 [0 t0 -85 0B, REW: <3 kHz), «25 dB [0 ko -90 oF, REW £3 kHz)
Linsar scake 4% [Co 1! xared o eference |evd)]

Karker level resciution

|.|Il.;| scakx 007 di, Linear scale

2 ol mlerence kv

A harmnonlc dsiorbon: el harmonic distorlion;
=-55 0B {1010 7100 MHz), =-60 dBC 0.7 tn 1.5 GHEy <-B0 B [10 1o 200 MHZj, £-75 di5C (0.2 ko 1.5 GHaj,
=hixer nput 30 dBm S-B0OBC D8 07 GHay shiker inpul -30 dEm
Spurous response Two slgnals 3rd omder nibermoduiation diskorton: Two slgnats 3rd oder Inkermoduiation dislorbon

S-T0dBc {10 MHe o 2 GH2) =-0dic f1d
=Fraquency diference of ban signats: =50 kHz =Fmuency drference of o signals:
rmixar npul -340 dBrm) It =30 dBm

00 MHZ), =-80 dBC (0.7 b 3 GHE)
1kHz, mixer
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Model

MS2651B I M526616

1 0B galn compresslan

=5 dBm (=100 MHz, at mixer Inpuk

1 dE galn oo r[::ll'f!!'\"-llll'l =8 =R aAveaces naol=e level:
=110 dE 0.7 101 Hz), =110 dE - [[GHz] dB (=1 GHz),
=108 dB (0.1 1o 1 GHz, al Option 08 pre-arrpiner

1dB ';}EI"I ('III'II|Ir-:?‘.--'.'1k]I level b EErage nols: k2w |Ir.1'|r'l|RZ(:|].

=105 dB 01 GHz), =105 dB - [ [GHzZ] dE (=1 GH) =108 df - 1.5 [GHz] (=1 GHz, at Cption 08
i
=] Di=korion chars pre-ampliler irsialked)
£ |maximum dynamic 2nd harmoric: = Distortion charactedstics (REW: 1 kHz)
E— range 2nd harmonks:
o
ird order niermodulation: E] o 1.5 GHz],
= 76.6 0B (10 MHz to 1 GHz), I [GHz] dB (0810 1 GHz)
- TEG - (B [GH2] dB (110 3 GHz) 3rd onder Intermoduaton:
.80 dB (10 ko 100 MHE),
=03.3 dB (1 1o 1 GHz).
«83.3 - @30 [GHz] 9B [1 o3 GHz)
Sweep time Seltng mnge: @0 ms ko 1000 = (Manually settable, or aulomatically setable accondng 1o span, REW, and YVEW)
ACCUMEACY: = 15% (20 s bo 100 5), «45% (11010 1000 5), £1% Hme domain sweep: digllal 2em span mode)
T [sweap mode Continuous, sngle
% Time domaln seeep mode | Analog 2em span, digha 2emo span
Zone swaep SWEE[TS ofily In frequency range Indicaked by 2one marker

Tracking sweep

SWEB[S while racing peak poinks wihin 2one marker (2ons sweep akso possible]

Functizns

Number of data polnts

501

Detectlon mode

NORMAL: Simullaneously displays max and min. points between sampk: ponts
POS PEAK: Displays max. poinl bebween sample points

MEG PEAK: Displays min. point betwsen sample poins

SAMPLE: DisplAys momentary value at sample poinls

Delection mode seilching uncertainty:

Display

Color TFT-LCD, Slres 5.5°, Number of cokors: 17 [REH, each B4-scale satable], Inlerslty adjusiment: 5 steps ssEable

Display functions

TTace &: DEplays Tequency spectrum

Trace B: DEplays fequency spectrum

Trace Time: CispEys Hme domain wavelorm al cenier frequency

Trace AfG: DEplays Trace & ard Trace B simullaneousy. Simullareows sveep of sames equency, allemale sweep
of Independent requendes

Trace AMBG: Displays requency region to be cbserved (background) and object band foregmound) sekected from

DAk nd with #on arker simultaneously at allernats swesp
Trace AfTime: |H!—'~|IIEI'!|“.'1 |r-C:4’||.|CH Lo Irum, and ime domain waeeform at cenler Irc:«'|||c:1 L ) | ”.IIEIIK:“IH'!.'E" allermate
TNBED
Trace moveicaculation: A—B B—aa, AcE, A+B—=4, A-B—f A-BrDL—=A

Storage functlons

MORMAL, VIEW, MAX HOLD, MIN HOLD, AVERAGE, CUMULATIVE, OVER WRITE

FI demaciulation
wavetorm display
function

Demadulalion rar ), 30, &0, 100, 200 kHa2'dly
Merker display acCLUrs 5 of Tull =cale relErenoed o center requency, CE-coupled, REW: 5 MHz, VEW: 1 Hz, CW)
Demadualon Mequency respons=e:

OC (50 He at AC-coupled) bo 100 kHe «Range: <20 kHa'dly, VBN OFF, at 3 dBE bandwidih

OC (50 Hz &l AC-coupled) bo 500 kHe «Range: =50 kHa'dly, VBN OFF, at 3 dB bandwidih

=REW: =100 kHr u=able

Input connector

M-1, 500

Auxlllary slgnal
INput and output

IF CUTPUT: 455 kHz [RBEWY: €30 kHz), 10.695 MHz (REMW:
WIDEC QUTFUT [¥): Do 0.5 W 007 W (100 MHz, from |oser ecioe 10 upper e

terminaled, BNC connsclon
COMPOSITE QUTPUT: For NTSE, 1 Vp-p (745 Q rminaled), BNC conneclor
EXT REF INFUT: 10 MHz £10 Hz, 20 dBm (50 0 lermirated), ENC connector

kHz), ENC connechor
s at 10 dEdly or 10% div, 75

Slgnal search

AUTO TUME, PEAK—CF, PEAK—REF, 5CROLL

Zone markar MORMAL, DELTA

Marker — MARKER—=CF, MARKE R=REF, MARKE R—=CF STEP SIFE, AMARKER—=SPAN, ZONE—=SFAN

Peak search FEAK, NEXT PEAK, NEXT RIGHT PEAK, MEXT LEFT PE&K, KMIN DIE NEXT DIF

HMultlmarker Mumber of markers: 10 max. HIGHEST 10, HARMOMICS, MARNLIAL SET)
Motsn pawsr MMz, dEMiH), C (dEC'Hz, dBoich), ocoupled bandwidih [possar N3 method, %06 daen method), adacsent
channs powesr [REF: total powenrelerenc: ewin-band kv method, channel deslgnate display: 2 chamets = 2

Measure graphic disply), sverage power of burst sSignal ([@wersge powsr N desinated Hme [nges of ime doman wavelonT),
Channs powsr [dBm, OBMHz), Iemplate cormparn=on (upperower [mils = each 2, Tme domain), MASE
(Lppeniower = each 2 equency domain)

Savarecall Saves and recalls seting condbions and weneform data bo Intemal memory (meas. 12) o mamaory cand
Frinter {HF dotmatix, EFSON dolmalrts or compatible modes) :

Hard copy Display data can be hard-copled via RS-232C, GAB and Centronics [Opton 10) Ineface

Floller HF-GL, GP-GL compalible modeks): Display can b2 output wa R5-232C and GRPIB Ineface
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Madeal ME2651E MS2661B
Language: PTL {Inerpreter base:
Programiming : Using ec
Program memory: kem
[y Programmirg ACILy
Data processing: Direclly 2
and system functions
RS-232C Culputs dala to printer ard plotter. Contol from extenal compuber [20ciuding power swilch)
w |criE Meals IEE EABR.Z Contmlied by external computer (exciuding power swioh). Or controls extemnal equipment with PTA
< Inerface furclion: SH1, AHT, T4, L4, 5R1, BL1, FFO, OC1, DT, C1, CF C3, C4, C28
= - 1of IMsertion Ioss of MATE21A Impadance Trarsformes
= oy (RF &TT: =10 dBj
i 00 kHZ, £1.5dE (100 kHz 10 2 GHz)
Correctlon orrection coaflckents:
1 display and measuramert of eld strengths (dBpvim) for spectied antennes, Inlermal anlema corection
- & Dipok anlenra, MPEASABEGS Log-Perindic Anlenm, MP4T4B Loop Anlema
and four anlemas iserdelined; wikes via GRIB of R5-2532C Interface, savesioads kofmm memory cand)
Functions: Sasing'iecaling measursment parametersiwavelom data, uplioadngidowninadng PTA
Mamaory carc programs; spplicat ans: SRak, EPROM, Flash EFROM
Interface sk Card capacily: 2 ME max
Connactor: FCMCIA Rel. 20, 2 skots
Conducted amlsslon Mizots the ENSS011 [Sroup 1, Class &)
Radlated emlssion Kieats the ENES01T [(Group 1, Cless &)
Statle discharge Kieats the ENS0082-1
w | Radiation fleld Kieats the ENS0082-1
2 [Conductea susceptibllity | Mests he [ECEOT-4 (Leyad 1)
=] Wibratlon Kieats the MIL-STO-B100
Power (operating range)| 85 1o 132/170 ko 250 Vac (aulomalic wollage swbching), 47.5 bo B3 Hz, 380 to 420 Hz (85 bo 132 vac only), S320 VA
Dimenslens and mass | 320 (W) = 177 (H) = 351 (0] mm, =10.8 kg ¢(without oplion)
Amblent temperature | 07 b +50°C jopeyake], —40° 10 +75°C (shoraces)

@0ption 01: Reference crystal oscillator

Fragquency 10 MHZ

Aging rata <1 = 107 Hyearn, <2 = 104 Hay [@her power on, wilh relersnce 0 fequency aner 24 0
Temperature characterstics [ <5 = 100 [0° 10 50°C, wilh reference o 25°0)

[Eutfer cutput BHE connecton, 10 MHZ, = 2 Wp-p (200 £ ermiraked)

@0ption 02: Narrow resclution bandwidth (MS2651E only)
REsolUtlon Gandwidth (3 dB) | 20 He, 100 He, 300 He

Resclutlon bandwldth
switching uncertalnty
Selectivity (50 dBE:2 dB) 215:1 (RBMW: 100, 300 Hzy, 20:7 [REWW: 30 Hz)

+[0.4 dB (REW 3 kHz rferenced)

@0 ption 04: High-speed time domain sweep

5 e, 24 ps 50 ps, 100 bo 500 ps jone most Significant digit setiable)
e significant digis satiabke)

Sweep time

Accuracy NE
Marker level resolutlon 0.1 di {log =cake), 0.2% [Inear scale, elathve o refaence k)

@O0 ption 06: Trigger/gate circuit

Trigger switch FREERUN, TRIGGE RECY
[resoton: © vy, TTL lewel
EXT Fall
Connecton: BNC
Trigger | {atlog scale): =100 o 0 dE [resolullon: 1 dB)
LLE Trigger sope: RsaFall
3 Trigger level: middle, o k2w sekclable
= | WIDE IF VIDEC Bandwidih: 220 MHz
= ngger sope: RssFall
% LINE Fraquency: 47.5 o B3 Hz (line IDCk)
= d: W-HTSC H Pl
= SYNL, H-5YHC
ne MTSC)
T L [O00: T o 262 line, H-SYNC (EVEN]: 1 o 263 line
" [PAL)
H-5YMC [CO0: 1t 312 line, H-3YNC (EVEN]: 317 10 625 Ine
=pton 16 required
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Pre-tigger [dspiays Wavelnnm om prEvous max. 1 Sceen al iigger DocUMmeEnce point
Range: - span oo 5
RESOILE: HME spars
Trigger delay Post trigger (displays weweformn from alter max. &
Range: O o 65.5 ms
RESOILEN: 1 |5
In TrequEnCy domaln, displays SPECiUM of INpLE Skgral in specilied gats Irkerval
Gate swesp Zate dely: O to G55 ms [rom rgoer poirt, meoludon: 1 js)
Cate widlh: 2 |5 b B5.5 ms [from geate delay, resniuton: 1 js)

5 ms al trgger DCCUTENCE polrt)

@Option 07: AMTFM demodulator

| Wolce output | WAt Intemal Ioudspeakear and earphons connaclon @3.5 \ck), adustable volume

@Option 08: Pre-amplifier®

Frequency range T00 KHZ 10 3 GHz, 100 RN 10 2.5 GHz (il Cplion 22)
=7 E (ypkal, <2 GHzy, =12 dB [ypical, =2 GHz), =0 db [ypical, <2 Gz, win oplon 22),
D R =14 dE flypical, 22 SHz, wiih Oplion 22)
Measuremeant rangs I\\\:H’r‘l! 1B nols:a ke 1o OdeEm
Max. ||'IFI|.|t levwal CW ewerage o + 10 dBm, +50 W
ME2E51E: =-130 dEm (1 MHZ 10 1 GHZ), =130 0Bm + 1.51 [GHZ) dB (1 GHa)

2EE1E:
ﬂiﬁage L= <134 dBm [1 MHz o 1 GHz), =134 dBm + 2f [GHz] 0B (=1 GHa),
<132 dBM [1 MHz to 1 GHz, with Option 22), £-132 dBm + 21 [GHz] dB (21 GHz, with Cption 22)
«REW: 1 kHz, VBWW: 1Hz, RF ATT: 0 dB
Selting mnge
Log scale: =120 10 «10dBEm, o -::1'||.Ih'i-'l-:HI| [=he]
Unear scalg: 72,4 1o 707 M 27.4 ' o 48T e with Option 22

[}
e Feference level BCCURECY: dB (-B9.9 0 -20 dBr n]. + (0. 75 (1”-[ F9.9 10 -70 dBm, -159.8 o +10 dBm)
= =l ) i
A || =Afler callbrallon, refeienced io 100 kiHz, 1 MHz span (RF ATT, REW, VEW, and sweap Ime set 1o A7)
E’ RBW h'.!\.“(:rl"'l';] LN |r'l||'i'!|': dB .:<'||Ir!r calbralion, relerenced 1o 3 KHz HH'I'&':I
a RF ATT SwilChing uncertainty: £0.5 0B (0 to 50 dB), «1.0 dB [0 to 710 dE)
«AftEr calbralion, referenced (0 100 MHz, RF ATT: 10 B
fE (100 KHE L0 3 GHZ, reerenced to 100 hHz, RE ATT: 10t0 50 df

Frequency response | | 5 g jwiln Option 22, 100 kHz 1o 2.5 GHz, mieenced o 100 MHZ, RF ATT 10 dB, 18 1o 287C)

Lingarity of Lo =Cake Eher callbraton): 1 10 -20 ¢, 1B (0 lo -B0 dB], +1.5 0B [0 1o 75 o)

wanetorm ﬂ|5p|ﬂy’ Lirear [ [-EI"I:H' callbratkon k] |:-EII:ZI.III||I'I';] o refererce |l".'\'l'!|]

T'wo =slqnats 3rd order Intemodulation disiortion:
Spurlous response S-10dBC (10 MHZ to 3 GHZ, 10 MHzZ o 2.5 GHz wth Cplon 22
=Frequency diference of o signals: =50 kHz, Pre-amplier input®: -55 dBm

1 0B galn compresslon | =35 dBm (=100 MHz, al preamplike nput)

1 Dwerall specification with pre-amplifier on (Noise figure is the simple performance.)
“ Pre-amplifier input level = RF input level - RF ATT sstling level

@Option 10: Centronics interface
Function UII|III‘Z1' data 1o [IIIIII'!r |:|: BrRCs !-JEIIIII.-‘ll'(II]. GPIE Inlerface can nol b Inslalked ‘:1'|I1III|<'IIII'!1IH'5'
Connector O-=ub 25-pin (Eck)

@Option 12: QP detector (MS2651B only)
OGP deteclion
+Reauies Option 02, When Option 12 Instaled, Opion 02 REW 100 Hz 3 dE bandwidh changed 1o 150 Hz (yplcal)
200 Hz, @ kHz, 120 kHz
ACCUECY: +30% (187 o 28°C)
Display LG scale, 5 dildi (10 divsions) ) _ - _
Lireanty: =+2.0 dB [0 b -40 dBE, CW signal, reference [evel: 60 dBpY RF &TT O dB, 187 1o 28°C)

Functions

6 0B banchyidth
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LINOS

Beamsplitter Cubes

& for splitting or combining light beams

e noangular or lateral deflection of transmitted beams

e raflected and transmitted beams transit identical optical paths

e compact, rugaed units

® designaed for use with low-power lasers (001 Jicm? for 10 ns pulses at 1064 nm)

& optionally available with other beamsplitting ratios

» coo pp. E 12-13 of this catalog regarding custom coatings for beamsplitter cubes

» custom beamsplitter cules fabricated from other materials and/or having other dimensions available for

higher quantities by special order; see 5 pecification Sheet "Optical Components® at the end of this chaptear

h height
L, width
L. length

Beamsplittar cubes

# fabricated from M-BEF glass

# reflectance = transmittance + B for unpolarized liaht

# abzorbance < B%
# broadband AR-coated
# 2 angular beam deflection tolerance

T =
o AR
al
TEW
—
< m
g [ 1] o Py — p-palarized
i 1] m:mulpnbrhd it
Ll e e n g =
E 20 e & palarized
2
10
1]
bl (-1 1] =] T [ ]

Wavelength (nm)

Dimensicons Tolerance
h=L=L, Part Mo, h L, L.
{mim) (mimj} (mmj {mmi

5 33 5505 -0.075 0.3 03

10 33 5510 -0.08 0.3 0.3

20 33 5520 -0.13 0.4 0.4

25 33 5525 -0.13 0.4 0.4
30 33 5530 -0.16 0.4 0.4

40 33 5G40 -0.16 0.4 0.4

50 33 EEED -0.19 0.4 0.4
20 23 5530 -0.22 0.4 0.4
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Plano Optics

LINOS

=

S

_—l-""—-———

= 45"

ppokrzed

TEW U

__l—l'""'-'."..’

AT
B0 - B0 n s ariaed

cBEHEEZERE838E

Baamsplitter cube for the LIV

# fabricated from fused silica
# reflectance = transmittance £ 5% for unpolarized light
# broadband AR-coated

& B angular beam deflection tolerance

ﬂ/(

s-palarised
Dimensions Tolerances
h=L =L, Fart Neo. h X
0 e 0 lm1rn| {mmi {mm {mimi

Warvelangth {nm} 20 335621 | 013
Folarizing beamsplitter cubes
# fabricated from F2 or 5F2 glazs @ extinction ratio = 20001 (1000:1 at center wavelangthy

R = 06% Tz 080 # broadband ARE2 AR-coatings

# p-polanzed light:
# g-polanzed light:

R=09% T<0.5%

# 8 angular beam deflaction tolerance

0 L —
B |rpolarioed 1] pepokarined
seale: B6.100 %
0 ppolanzad a0
g ] soalo: B0-100 % E 1]
a0 et o
i TSR 500 e i - TEWP 6332 nm
LA = 45
o LR E & i
an ,E 3
u o Ene . ey
i (1] ke T% et H e BLCH RS
L] L]
dbi 450 SO0 S50 &N B0 0™ BED 11}
Wavalongth freml Wirral sngih {nm)
Dimensions A50-6550 nm ERO-T00 nm TOO-800 nm Tolerances
h=L =L, Ay = 500 nm 4, =633 nm b= 200 nm h L, L,
{mmj Part M. Fart No. Part Mao. (mmj (mm} (rmmj}
b 33 BRil 33 5507 -7 E +0.3 +0,3
10 33 6LE4 23 BRE3 336513 -0 +0.3 +0.3
20 33 BhEG 3365523 -0.13 +0.4 =004
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LINOS

AGhI‘OI‘I‘I atS ﬂw Transmission of the Achromats
WA

scemented doublats 00 ——
o N |
# minimal longitudinal WIHLQI'I! -
chromatic aberration g "
5 o8 AREZ VIS
& minimal spherical aberration/’ i -
wavafront distortion E "
c
# tight focal length tolerance E L]
. . . . ]
# broadband anti-reflection coating ARE2 VIS - =10
e mounted or unmounted an
» achromats in CACL mounts 400 40 HO0 BD KO SN TI0 AW EO

mating to Microbench Wavelangth {nm)
ARE2 broadband antireflection coating for the VIS
Transmission 460-700 nm = 99 %
Positive Achromats

unrmaunted mountad *i
Clear Centering Surface dm @
f (6] Part Mo, Mount @ Part Mo, Accuracy Quality dm Tolzrance dr Tolerance

tmm}  {mmj {rmm) {mmi  (mm) {mm}  {mm)
[ 3 32 2250 CA 256 E0E3N9 B 3016 27 + 0 22 -0.08
10 B 32 2206 CA & B06 3120 4 30,16 2.0 + 0.2 21 -0.08
16 8 32 2207 CA 7 Boen 4 3x0.16 3k + 0.2 24 -0.08
20 o 32 2201 CA O B 0e3122 10 bl 16 1.2 + 0.2 2.8  -0.08
25 125 | 322234 CA 115 Bo0E3123 1o Exi.16 kB + 0.2 a0 -0mn
30 125 | 32 2285 CA 1.5 B063130 1y Ex.16 L0 + 0.2 3T -0mn
1 125 | 32 2286 CA 15 BoE3 1o Ex0.16 EO + 0.2 38 0N
40 125 | 322337 CA 1.6 B063132 3 3x0.16 6.3 + 0 E.1 -0.11
45 125 | 322332 CA 115 Ho063133 3 3x0.16 kB N a4 0N
1] 125 | 322339 CA 16 B063134 3 30,16 kO EN 1.1 -0.11
G 125 | 32234 CA 1.5 B063136 3 3x0.16 k3 + 0 ik 0N
80 125 | 322343 CA 115 Bo63136 F 30,16 BB + 0 5.1 -0.11
100 125 | 322345 CA 115 H0E3137 3 3x0.16 b3 EN a8  -0n
300 125 | 322348 CA 115 B063139 3 3x0.16 4.0 + 0.1 38 0N
40 18 32 2209 CA 17 B o0& 3127 3 Ex0.16 7.0 + 0.2 45 0N
1] 18 32 2265 CA 17 H063125 3 Exi.16 6.5 + 0.2 16 -0.NM
G 18 32 2266 CA 17 Ho0E3126 3 Bl 16 6.0 + 0.2 a4 0N
80 18 32 2210 CA 17 Bo&312a 3 Ex0.16 B8 + 0.2 46 0N
100 18 32 2236 CA 17 B 063129 3 Exi. 16 E.8 + 0.2 18 -0
1] 224 | 3zaan CL 21.4 E063141 3 3x0.16 1.5 + 0.2 2 -0.13
G 224 | 322322 CL 21.4 @063142 3 3x0.16 7.0 + 0.2 51 -0.13
80 224 | 322323 CL 21.4 B063143 3 3x0.16 7. + 0.2 E.1 -0.13
100 224 | 322324 CL 21.4 B 063144 3 3016 Q.0 + 0 7B -0.13
140 224 | 32232% CL 21.4 B0E3146 3 3x0.16 2.0 + 0 68  -0.13
200 224 | 322328 CL 21.4 B 063142 3 3x0.16 6.0 + 0 2 -0.13
=] 224 | 322319 CL 21.4 B063149 3 3x0.16 6.0 EN BT -0.13
[&] 254 | 322306 CL2E4 24 Hoe3212 ER Bl 26 a.k + 0.2 6.2 -0.13
80 264 | 322307 CL254 24 HB963213 3 Exi.26 8.2 + 0.2 B8 -0.13
100 25.4 | 322308 CL264 24 BO63214 3 Ex0.25 7.2 + 0.2 B3 -0.13
120 264 | 322309 CL264 24  HE063215 3 bl .26 7. + 0.2 e -0.13

"} sea ¢ hapter optic mounts for mount dimensions
B in mount mating directly to microbench

continuad averlaaf
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L
Singlets and Achromats LI N05

facal length

object distance

image distance

distance, primary principal point-primary vertex
distance, secondary principal
point-secondary vertex

lans diameater

F dmn center thickness

dr edge thickness

h primary vertex

h' sagittal height secondary vertex
F.F' focal points

H. H' principal points

MM ow oW h

-I—'E.—-l
=]

T

Tolerances: focal length f
image distance s'

custom achromats (other focal lengths, diametars) are available for higher quantities by special order;
see Specif cation 5 heet "Cptical Com ponents® atthe end of this chapter

h h* g e’ 5t e 5 e (R Frrt e (A (. Fres nm Fras en
{mm} {mm} fmm) {mm) {rmm) frmm} {mm} (mm) frmmj {mm) {mm} (mm}
0.2 a1 0.45 1.4 L.56 4.60 .01 .01 6.02 6.02 504 6,07
a7 0.2 0.39 1.50 10.00 2.89 10.36 10.38 10.39 10.40 10.45 10,49
0.8 0.3 0.33 1.81 16.01 14.54 16.36 16.35 16.35 16.35 16.39 16.43
1.4 0.3 0.38 2.24 20,32 18,45 2072 20.70 20,70 20.71 2075 20.81
1.2 0.3 0.48 2956 24,86 22.38 2535 2533 25.33 2543 25.40 2545
1.4 0.3 0.45 2.65 29.80 27.59 3027 30.24 30.24 30.25 30.31 30,30
L] 0.2 0.43 2.66 34.60 32.38 3454 35.04 35.04 35.04 34.98 EERL
0.8 0.4 2.28 2.85 37.82 37.24 40,00 40.00 40.11 40,13 40,28 40.38
[ 0.3 2.07 2.51 4206 42 .52 45.02 45,02 45,04 45.06 4521 4530
0.6 0.3 0.90 2.36 49.11 47 A5 002 0.0 50.02 50.04 50,20 50,40
as 0.3 1.11 2.30 5a.88 57.69 60.00 50,00 &0.00 60.03 60,22 a0.45
04 0.2 1.14 2.37 78.80 7757 79,95 70.04 70,05 TO.06 80.23 a0.54
0.3 0.2 1.17 2.18 0882 a7.81 100.03 90,00 100,01 100.05 100.35 100,74
0.1 0.1 0.27 2.27 29959 29758 | 29908 20085 20089 20008 30087 30203
1.9 0.6 0.51 4.11 39.67 3606 40,16 40,16 40.18 40,20 40.34 40,50
1.6 0.3 0.17 4.08 49,80 45.98 50.01 50.04 50.07 50,10 50.30 50.51
14 0.2 0.13 3.78 60,00 5536 6010 5011 50,14 60,17 6038 6053
1.4 0.2 0.26 3.51 7991 TE.BE 80,10 2013 8017 80.22 80,52 8085
0.8 Q.1 0.09 3.66 100.04 9547 | 100,12 10001 10014 10018 100.51 100,91
2.0 0.4 0.15 4.28 499 458 50.05 50.04 50.06 50.08 50.23 50.37
15 0.4 0.42 3.72 60.0 567 60,48 G047 50.48 6051 6068 6085
1.3 0.5 1.26 3.29 79.1 771 80.35 20,34 B0.36 B8040 8066 80,98
1.0 0.5 1.57 4,27 986 959 100,18 10016 100,19 10023 100.55 100.54
a7 04 3.33 3.86 136.7 136.2 140,10 140,07 140,09 140,15 14058 141.13
as 0.2 4.96 2.89 1853 197.4 20031 200.26 200,30 20038 207100 20170
0.2 0.1 4.39 3.44 40950 4050 49958 49043 400,52 49971 501.25  503.20
3.0 0.3 0.42 6.58 61.18 5419 BO.T2 5074 5076 [ 61.02 61.27
2.0 0.4 0.35 501 80.51 7585 8077 20.81 80.86 80.92 81.23 81.57
1.6 0.3 0.35 4.33 10047 96,50 | 10074 10077 10082 10089 10126 10168
15 0.1 0.24 4.90 120.27  115.13 12006 120002 120,03 120,08 120.43 120,89
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Y
WA

Positive Achromats; continuad from preceding page

unmauntad misuntad *) w'“"'n'
Claar Cantaring Surface dm @

f a Fart Mo. Mount @ Fart Mo, Accuracy Cuality dm  Tolerance dr Tolerance
{mmj  fmm] fmmj fmmi  fmm} (mm)l  {mm)
80 315 322287 |CL31E an 06 3200 3 ExD.25 115 + 0.2 7.8 018
100 318 322288 |CL31E 30 06 2201 3 ExD.25 9.5 + 0.2 6.6 -06
120 315 322260 |CL31E an 06 2202 3 ExD.25 2.4 + 0.2 6.8 06
140 315 3222309 |CL3TE aa 06 3203 3 ExD.25 2.0 + 0.2 6.8 06
150 315 322227 |CL31E 30 06 3232 3 ExD.25 BB + 0.1 6.8  -0.20
160 315 azaave |CLIE an 06 F204 ¥ ExD.25 8.6 + 0.2 6.8 008
200 35 32 2271 CL31E an 06 3205 &' ExD.25 8.1 + 0.2 6.6 -06
250 315 322272 |CL31K 30 06 2206 [ ExD.25 8.0 +0.2 6.8 06
00 A5 322273 |CL31K an 06 2207 B ExD.25 Q.0 + 0.2 8.0 086
400 315 322275 |CL31K 3n 06 3202 [ ExD.25 7.0 +0.2 6.3 06
BOD 315 322277 |CL31K 30 06 2209 [ ExD.25 7.0 + 0.2 6.6 06
1330 315 322276 |CL 31K aa 06 F210 [ Ex.2E G5 +0.2 G4 06
90 40 32 2389 a0 38 03 2567 B B4 14.5 +0.2 104 -DJ6
120 40 32 2388 a0 38 03 2562 [ B4 13.0 +0.2 2.8 018
140 40 32 2385 a0 38 03 2569 &' Bxl.d 127 +0.2 0.1 -016
160 40 32 2384 a0 38 03 2570 [ B4 11.0 +0.2 87 016
180 40 32 2246 40 38 03 2587 B Bx0.4 10.8 +0.2 8.2 016
200 40 32 2293 a0 a8 03 2571 [ Bl d 10,0 +0.2 P N [ =
250 40 322204 a0 38 03 2572 B Bx0.d a5 + 0.2 6 08B
200 40 32 2295 40 38 03 2573 kS Exl.d 11.0 +0.2 a4 006
400 40 32 2296 a0 38 03 2574 3 Bxl.d a.0 +0.2 7.8 018
450 40 32 2297 40 38 03 2575 3 Bl d Q.0 +0.2 8.1 -0.16
80 &0 32230 B0 48 03 2576 3 Bx0.4 20,0 +0.2 1.8 -0J6
100 &0 32 2302 5O 48 03 2577 3 B4 7.5 +0.2 1.2 -0J6
120 &0 32 2303 B0 48 03 2578 3 Bx0.d 165 +0.2 10,3 -0J8
200 &O 322304 RO 48 03 2579 ¥ Bl d 125 +0.2 88 08
300 GO 32 2305 j=u] 48 03 2580 3 Exl.d 120 +0.2 A6 -0186
160 50.2 322310 508 48 03 2557 [ B4 13.5 +0.2 86 -019
250 502 3223 BO.8 48 03 2558 [ Bzl d 115 +0.2 g4 09
400 50.8 32 2312 50.8 18 03 2559 [ B4 10.5 +0.2 8.6 -0.19
150 &3 32 2383 B3 B0 03 2501 4 Bx0.d 216 +0.2 163 -0.]9
400 &3 322220 G2 [H1] 03 2581 § Bl d 14.0 +02 1.0 09
OO 63 322230 63 G0 03 2582 i B4 13.0 +0.2 107 -0.J9
BOD B3 32223 G2 G0 03 2583 4 Bxl.d 125 +0.2 105 0.9
200 &3 32 2232 G2 G0 03 2584 4§ b4 13.0 +02 1.k 018
160 &0 32 2267 a0 FE] 03 2502 [ Bxl.d 20.0 +0.2 188 09
310 80 322278 80 78 03 2502 4 Bx0.d 185 +0.2 123 -0.J9
kOO 80 322279 20 74 03 2503 § Bl d 16.0 £0.2 122 09
1000 80 32224 80 78 03 2585 2 B4 17.0 +0.2 161 -0.19
1185 &0 322242 B0 78 03 2586 2 Bl d 16.0 +0.2 144 -0]9
ROO 100 322316 100 ar 03 2503 T Ex0E3 220 +0.2 160 022
1000 100 322313 100 a7 03 2504 T Bx0.63 215 +0.2 18E5 022
1500 100 322314 100 7 03 2505 T Ex0.63 21.0 +0.2 19.0 -0.22
E00 1RO EFFER K TaO T47 03 2506 T ExT00 320 +03 #W{BE -0IE
1250 15D 32 2387 160 147 03 2507 T Ex1.0 28.0 +0.3 227 -0.25
2250 150 32 2386 150 147 03 2508 T Ex1.0 26.0 +0.3 230 -0.25

sae chapter optic mourts for mourt dimensions

» zaa next page for Megative Achromats
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Singlets and Achromats

LINOS

h

h*

=]

o’

Zuat e

2 pemun

f

f

f

f

f

f

8 248 nm = T nm 2Inm 1384 nm

fmim) {mim) {mm) {mrm) {mmj {mimy) {mmj {mm) imrm) {mmj {mim) L)
EN 0.6 0.40 T4 20,50 7377 20,80 80.85 a80.a1 2047 81.30 a1.64
2.4 0.5 034 588 100,48 24,93 | 100,71 10076 10081 10088 10127 101.69
2.3 0z 0.30 6.48 12026 11338 | 119.88 11984 1985 119481 12028 120,76
1.5 0.6 1.27 4,50 12004 13674 [ 14016 14025 14023 14044 14099 14158
1.3 0.5 3.20 4.40 147.29 146,12 | 160.44 16051 160E8 16068 15125 16188
1.2 0.5 1.24 4,36 15261 15649 [ 15968 16977 15085 18997 16089  161.25
1.4 0.1 0.22 E.45 20033 19466 | 20017 20000 20071 20017 20076 20153
1.1 01 017 24 26049 24498 | 26040 26020 26031 28040 2E113 0 262,10
0.4 0.1 0.20 E.10 30066 20426 | 20061 30034 30023 30044 301,27 320243
0.5 nz 116 234 30978 20760 | 400659 40074 40094 401271 40270 40436
0.3 0nz2 1.27 324 97,28 BOL31 | B98R4  EOB.42 BOBEE  GROERES0  E0060  G03.0R
0.2 01 1.06 T 132828 1226.27 [1330.27 1320043 132044 132978 133330 133844
a7 0.4 0.22 8.87 a0.48 81.83 an.51 E] a0.70 90,79 o116 o148
2.5 0.6 0.a7 7.08 1Mae8 11366 | 12060 12058  1206E 12074 12116 121ER
2.1 05 IR=1] 6.890 14348 13367 | 140471 140,49 14057 14065 14114 147158
1.9 0.4 0.86 jSR=F ] 189,48 1B4.36 | 168016 160,22 16021 18041 16093 16144
2.2 04 0.26 6,74 18147 17498 | 181.65 18166 181.72 18182 12244 18318
1.9 0.4 0.5& 92 20079 19643 | 201,21 20126 20012k 20147 20220 20302
1.3 0.6 1.71 4,30 24823 24664 | 260,07 24007 249893 26002 2E0TE 261.70
1.1 05 1.82 E.31 208,42 294,92 | 29999 30000 30023 30043 F0LE3Z 20277
0.8 0.4 1.68 4.02 39851 29618 | 400,37 400,17 40020 40032 AD.46 40287
0.7 0.2 0.85 4.82 44776 44378 | 44840 448,48 4486571 448871 44090  4B1.20
6.4 1.7 1.48 11.07 78,66 60,00 80,14 a0.14 2016 80,20 B80.42 80,65
4.9 1.4 1.37 9.53 100,20 9204 | 101658 101657 10157 10162 10180 10206
4.1 1.1 1.13 8.47 12020 11286 | 121.60 12136 12123 12133 12163 121.82
3.0 0.6 0.57 7.56 20079 19380 | 201.21  201.27 201236 20149 20222 20305
1.7 0.7 1.82 587 20840 29445 | 200,08 30018 30023 30052 30163 30286
34 1.5 2.08 672 15746 165280 [ 16961 16949 16053 18960 16011  160.72
2.1 1.0 1.87 E.4b 24816 24468 | 260,20 2E0.00 26093 26022 2E08E  261.80
1.3 0.6 1.84 474 308,42 29562 | 40063 40033 400236 40048 401652 403.14
B0 1.1 1.7 1167 14876 13880 | 16016 16034 16047 18061 151.22 161.74
2.1 0.4 2.30 6.58 30830 29410 | 400.84 40065 40059 40081 40197 40348
1.6 07 240 E76 497094 49468 | BO0.64 BO03D  BODME  GOOGE  GBOZO1  BO3.90
1.4 0.6 247 E.43 BA7.76 9479 | B0048 60018 60022  AODAD  B0211  G04.38
1.0 0.5 2.40 5.86 a00.43 79696 | 803.24 80279 80282 80306 80620 808.31
a.0 2.1 2.43 1563 15767 14447 [ 160.21 16010 16070 18013 16048 160,89
4.3 1.9 3.00 8.86 0732 20166 | 21043 31035 31041 I10E3 31149 31269
256 1.2 270 .46 49790 493,23 | 50090 BOOG4  RODGE  GBOOS4  B0228 RO4AT
1.5 0.4 1.48 2.38 99870 990,79 [1000.61 100006 100017 100050 100340 100717
1.4 02 0.06 10,31 119012 117936 (119011 118045 118952 1189856 119316 119776
4.2 1.9 362 10.65 49587 48894 | 49963 490,43 40049 49955 BO1.14  BO3.04
2.4 0.6 1.89 11.84 09858 98863 [1000.79 100036 100047 100080 100372 100749
1.6 0.4 78 1160 150052 149070 (150288 160217 1602.31 150278 150710 161276
=] 2.7 R72 1478 79344 TR438 | 79030 TO005  TOO16  TO943 20170 80483
4.0 1.3 3.52 1433 124617 123617 [1261.01 1260.40 126050 125087 126442 1269.20
2.2 n7 3.33 12,20 226048 224062 (2264.82 226365 226381 226445 226080 226041
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MNegative Achromats

A
WA

unmaunted mzuntad * H H Inl'.n'
Claar Cantering Surface dm @
f ] Part Neo. IMount o Part Neo. Accuracy Cuality dm  Tolerance dr Tolerance
{mmi {mm} fmm) fmmi {mmi (mmi {mm}
-20 [] 32 L2290 [« 7 B 063190 1’ 20,16 28 +02 326 -0.09
-50 18 32 5221 CA 17 B oEx1;m 10 Ex0.16 4.7 +02 66 -0.11
-100 315 | 325222 315 30 B 063271 n Ex0.25 7.8 +02 107 -0.6
"1 sa@ chapter optic mounts for mount dimensions
B in mount mating directly to microbench
L ]
Singlets and Achromats L I N 05
h h. e D. .S:II m 5.':-!! m rﬂ! nm [Hhm r:ll m rl‘.\.... nm rd':-i nm rI:-H nm
imm) fmmj fmimy fmm) fmm) {mmj {mm} {mimj {mmj {mmj) {mmj {mm
0.6 0.2 027 1.27 20,45 -21.38 | -200080 2008 0 -Z0.08 0 -20.08 2074 2019
1.4 0.5 0.a8 1.87 E1.47  -B2.37 | -BOGD -BO.4B -B0AS  -BOR] -B0LET -B0ET
2.0 0.9 .66 312 102.36  -102.82 [-100.71 -100.69 -10090 -10074 -101.05 -101.44
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U&SEH%

COMPONENTS

Description Silicon Avalanche Photodiodes
PeskinBimer Type C30902E avalarche C30902E, C30902S, C30921E, C309215

poindinde UEZes 8 aloon deleior dhip
Fiber Optic and Very Low Light-Level Applications

Suough' struciore. This siucre peovices
g responahaty between 400 and 1000 nm
aa well a5 aurandy fast rige and 88 Bmes
2 sl wavelangha. Because T tali ame
caEaCEnEics nave no "al, he

Egponshily of e device ks iIndepandent of &

modulaton Fecuency up 10 about B0 MHz.

The detacior chdo ks henmetoaly-geabad

behbyd 2 fa1 glass window i a modified TO-

18 packege: Tho skl dbamoter of o Features

phodoeenatve surlaee s 0.5 mm. High Cuantum Eficiancy 779 Typicd & 830 nm
S — «CA0G0EE and CIO921S n Geiger Made:!

R —— e Sngle-Proton Datection Frobaniity 1o 50

ot Vi Low Dark-Count Rate at 53 Detection Probablity - Typboally

mm! Mgmdigihm 1500006000 at +22°0

aElector fom it 8 fooussed spot of an Fibleanonel ot 250

apcal ther up o 0.25 mm h dametss, The Cous Raes o 2 & 108eecond

ismal end of s Bghpipe s cbes ancugn o etcaly Seded Package
1o e detector surtace 1o alw al of he “ow ol e Flooim Termpacalon

i 13 o1
rieiation siing o Rchikaio o fall whtis CIBGEE, CIEAME - 23 % 10713 AMHz
— R G CIEES, CI0EH S - L1x w0 anzle

i Scally-asaled TO-18 & «High Responaidty - Inemal Avslancne Gana in Excess o 150

Sinars 1 be spaxiad 1o e snd of the “Specrd Responae Rangs - (10°%: Pointa | 400 10 1000
kghpioe 1o — i *Time Reaponas - Typhcally 0.5 na
foar of iy chetecion stability, “Wide Oparatng Temparature Rangg - -90°Cio +70°C

The CIOH02E and CI0B0E1E as designead
for & wide vanaty of uses intluding opgcal
comTunications & datarawsto 1
GBivaecond. Baer range-Snding, and any
ather applcations requining high speed
andion igh Eaponsiity

>

PeridnE=Emes"
T
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C30002E, C300028, C30021E, C00218

30421 E phatodiocss naving sxtemely bw noss and bul
dare-cumant. They ae vended for uira-bw light Busl
agnlicatona {optcal power keaa tan 1 pW) end can be usad in
either thelr noimal Insar mode (Vg <Vipg) at gains up 1o 250
of (Eeater, o a3 photon countars inhe "Gelger” mods (Vg =
Vg whee a gingle photosisciron may vigger an avalanche

Thee CI00ES and C30921 5 are sslecled CI0002E and =
L]
L]

NN
i

TYHCAL MIBFAENITY - SREREYAaTY
-
| 5-""

paise of about 107 camism. In fus mode, no ampiliens are o n
nensaaany and Sngle-gholon detsction pabailites of w o -
amroeimately 5000 e possinle, ;

[ ] [ - e T ]
Phowon-countng s ss0 advaniageous wheane gatng and W LG - W i
crfncbence echnkaies @e emploved for signd ETial -

Optical Characteristics ——
C30902E, CA0A02S (Figure 13) . o _ T
Protosenaitive Surace: é "}

Bhape ._.oioicoiuwnisiel siiiue s cae Cioular g m ""
Useduf cameter ... ....................05mm %
Fiald of Wige: o LY
Agpeonimate tull angls lor totally B ‘.,:‘-.
Buminated photosanaitve surace ... .. .. 100 deg , %
\
CI0921E, C2MMS (Figure 14) __rI=_ L L
= = 108 1]
humesical Aperure of Light Pise - ... .. .. .. .055 b
Refractve ndex (njof Coe .. .. ... ... 181 e
Ligipipe Core Déametar ... .. ... oo .. ... .025mm P R ———
Mendirnum Ratings, Absolute-Maximum Values (A Types) e
Reverss Cumrent at 22°C: 'H: :&‘,’F‘*mm f‘ .
Fwemgs value, contiuous operaton 200 wA iz iial Iz
Peak vaie 2 . 7 it
flor 1 second duralon, nan-regeitive) 1 mA s. . f i
Forward Currant, |p a1 22°C: E ,g’
Pusmge valis, continuous § n s & i ’/
operason sSmA 3 . ";/.._--—F"
Feak vakue {for 1 second ‘T‘"‘/{-"ﬁr‘
4] §ia
curaton, non-epetgive) 5 mA w A2 d
. Sl W
Maximum Total Power Didpaton a1 29C £0 miN ; =" B =g
Ambbert Temperatme: » = y o ¥
Elum@,‘rmg £0 w0 +100°C e et
Cperating, Ty =i v +7000

Epldening {for 5 sscondsa) 0000 Fgure 3 Typical Moo Cumand va Gan



F.1 Especificaciones fotodiodo APD C30902E 429

C30002E, C300028, C30021E, C30021S | b
ParkinEime™
et

Electrical Characteristicss at T, = 22°C

30090 2E, CAM021E C309028, CA0MS
Idlin Typ Idlax Idlin Typ Idlax Units

Breakdown vaoltage, Vo, - 225 - - 225 - v
Temperature Coefficient of
Vg for Constant Gain 0.5 ay 0.8 0.5 a.r 0.8 VPG
Gain - TE0 - - 250 -
Responsivity:

AT 900 nm 25 B85 - a9z 108 - A

A1 830 nim 0 i - s 128 - A
Cluantum Efficiency:

AT 900 nm - a0 - - &0 - %

A1 830 nim - Tr - - i - k)
Dark Current, |u - 15108 FxdDe - 1x108 e A

(Figure £] {Figuire &]
Noisa Current, i: 2
f=10kHz, AT =1.0Hz - 231013 oot - 1.1ei0fd 2ipea AlHzvz
{Figurs 3) (Figure 3)

Capacitance, C - 1.6 2 - 1.8 2 oF
Rise Time, t:

H‘L = S}, 5 = 830 nim,
UL To BFE poinds - 0.5 [ - 0.5 (I3 5]
Fall Time:

R = 5062, & = 830 nm,
L To TR poinds - 0.5 [ - 0.5 (I3 5]
Gaiger Mode (See Appandix)
Dark Count Rate at 5% Fhoton
Dwetecton Probabiity = (830 nm}:

frg ¥ - - - - 15,000 30000 s

-2500 - - - - 350 700 s
Violtage Above Vg for 5% Photon
Ditecsion Probabllity 3
{830 nm} (See Figure 8 - - - - F - W
Dead-Time Fer Event
(S=e Appendix) - - - - 300 - na
Ater-Fulse Rato at 55 Fhoton
Detecton Probabiity (830 nm)
2 - - - - 2 15 %o

I 1. Al e DR ot s Cpcratingg ol Rges W i S uppbod wi i th doulioo and a Ight spd damaeior of 03 mm (C3000CE., 5 o 0010 mm (C208E 1, 5). Mot that aspodic wales
B suppdcd whihcac b douo. -rrmu-cﬁ-mu i af this vd R Bho dovtos Wil mack e o oo cal charactorts 1 Imis shaown aboeac. Th soliag v vl b
i range of 180 & 250 wolis.

Wb . Thie thoraical copecsaon o shiol nose cument inan asalanchs fhobdod B = 29 +|:mh9+F' Haugwurﬂchmchnmncm;.*umm
s ourert, ku'cd.rkh.lﬁcmcrtFkh:mcusmkcrm.Hkhrgthnlsu'c o o B douas, and B, 15 the ndsobandwidth Ao theso dowcas F =
(L= e 1H:|+|:|$H. iRdonance: PP Wickbh, Rl Miciniye, L Connadl, " RiCA Ricdiow”, V.38 p 23, | BT

Bt 3. The CE0GOES and C300E 5 can b oparabad afa subsfanda by highor Doicdion Probabdios. Sao Sppond.
B 4. Aber Puso cooung 1 mic roscccnd bo 80 seoonds aficr malnpusc.
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C30002E, C309028, C30021E, C300215
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C3020ZE, CI00025, C30921E, CIDE218
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Fgure 0. Load Ling br CI0821 S in lhi Goiger Mok Fgure i, Typical Dark Cound va. Tempcraba ab 5% Phobion 30 )
Dfooticn B¥idency
o
'
'
S5.41 10,2153
[
3.91 5 2.04%11.00%
" : = . B %0.103 1 s
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an Acively Quionchod Clroal { Typical br CI000ES, G025 af VR + 25)
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Noaficd TO-1E Fackage

Motic: Optical o shane o b dofingd as the digance from he sisfacae o o silaon
chip Bio the front asfaca of the window
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F.2. Especificaciones médulo APD-preamplificador
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VB

L4
i

i HEIGO company

Input

Output
Load
Swing

Gain

Polarity

ANALOG MODULES, INC.

MODEL 713A

BIPCLAR LOW NOISE
PHOTODETECTOR-AMPLIFIER MODULES

detectors.

HIGH BANDWIDTH, BIPOLAR
PHOTODETECTOR-AMPLIFIER MODULE

LOW NOISE - DOWN TO 100fWiHz
ULTRA HIGH BANDWIDTH - 1kHz TO 200MHz
HIGH GAIN - UP TO 1.5V/uW
SILICON OR InGaAs PINS, OR SILICON AVALANCHE
PHOTODIODES

DESCRIPTION:

The 713A Series Ultra High Bandwidth Low MNoise Photodetector-Amplifier Modules offer
a high gain amplifier with the flexibility of incorporating various silicon and InGaAs
photodetectors. The design is optimized for high-speed response and has a lower input
impedance than the 7124 Series, permitting high speed operation from larger capacitance
The 7134 Seres is based on the 313A Series transimpedance amplifier.
Consult factory for different detectors.

SPECIFICATIONS:

Silicon or InGaAs photodetector

(See table for characteristics.)

Other detectors available upon request.
Maximum DC light-induced current: 0.5mA

5002
2V pk

20kWA transimpedance

Mubltiply transimpedance gain by detector
responsivity at peak wavelength to get VAW
in table.

MNon-Inverting, positive cutput when flux
applied

Specifications subject fo change withou! nofica.

Power

Temperature

Connections
Input
Cutput
Power
Bias

Size
Weight

+15VDC at 100maA typical
Internally regulated

=207 o +70°C

Photodetector inside box

BHNC

Filter feed-thru pins and ground lug
Pin decoupled with 0.01uF, 1kV
capacitor. (See figure on reverse.)

348" x 1,927 x 082"
3.2 ounces

APPLICATIONS:
Ultra High Speed, Low Light Level Sensing

126 BAYWOOD AVEMUE « LONGWOOD, FLORIDA 32750-3426 « USA
(407) 339-4355 « FAX (407) 834-3806 + E-mail: ami@analogmodules.com

04/2004
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MoDEL o, | PHOTODIODE DETECTOR | ACTIVE AREA PEAK OPTIMUM BANDWIDTH [ MOMINAL | TYPICAL
PART NO. DIAMETER REVERSE BIAS =1kHz TO GalM MOISE =
T13A1 Si PIN CI0BME 0.5mm 900nm =45V (1 150MHz 12VImW | 15pWW Hz
713A-2 Si PIN GCI0E0TE 1.0mm 900nm +45W (1 125MHz 12VImW | 16pW~ Hz
713A-3 Si PIN FMD 1000 2.5mm 900nm +90W (1 100MHz 12VImW | 12pWW Hz
T13A4 Si APD CI090ZE =] 0.5mm g B820nm 180-250V = 200MHz 1.5\ | 100RNN Hz
T13A-T InGafs PIN | GAP100 100pm 14 1.55um | +5V INTERMAL 200MHz 1BVImWW | BpWWiH Hz
713A8 InGafs PIN | GAP300 300pm 4 1.55pm | 12V INTERNAL | 180MHz 1BVImW | gpWi Hz

{1

Internal bias provided at +12%. For best bandwidih, use Mode! 521 high voltage biss power supply 1o spply optimum reverse biss.
Internal bias is pratected by disde when extarnal supply is uged.

(2 Adjustable HY supply reguired. Optional Mode! 521 or 522 available(consult factary |

(3 Awslsble in 5T or FC receptacle [consuft factary)

(4)  Avalsble with optical fiber {consult factory).

(%) Actual naise may vary by £20% due to detector telerance. Moie k= greater with higher capacitance detectors

(&) Bandwidth tolerance ks +20%

Mate: Equivslent detector may be used

Typical Part Mumber: F13A-T = Transimpedance Gain: 20060WA
Detector: GAP100
Cptimum gain: 18vimw
Moise:  BpWiHz
3dB freguency: 200MHz
Cut-on frequency: =1kHz

EL | DM "ars PP

L]
L)

LT] o — Ex
e
HOTES
1. CRENEICNG ARE M INCGHER.
2. MATINLM THREAD EMTIY W14
T WLEANDE +/= .01
#_ MEGEL 713k —T AHE — HANE NG EXTERROL BIRE.

* CETESTIN POETHR WAY WY BY &= D12°
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G.1. Especificaciones Filtros paso bajo PLP5 y PLP50

Mini-Circuits
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FiLrers 50 & 75 Q2 Plug-in

Low Pass DC fo 1000 MHz

AP
PAEEEAND WAHZ | oo, WMHZ TP BAND, MTHZ TEWR, CAFD | CASE [ o [ PRICE
Mo, Passband Sopband | DatA | STYLE |5 %

]

u RFAF 3

[=]

hand- 'I

TACDEL o] &

N, (s « el (loss B | (loss~ 200B)  (kss - 400 Typ Typ. paga | MoinE [N

Pl s LC-1.9 A 144T 1. 7.300 1.2:1 181 a1 Al oI

FAR3s™ LC-25 2.5 14.50 030 1.3:1 TE1 a1 Al [}

B ALY oc.4 E ER i) 10240 1.2:1 181 412 Al or

B FARIE oc.T B 1115 15200 1.2:1 181 435 Al oI

FPRT ac-11 " 1834 FBr.ui] 1.2:1 181 417 Aol or

B FPIOTTS oc.-11 L} 19-24 30 1.2:1 181 LY Al oI

FF-15 oc-15 LES i B e 1724 1.7:1 181 kY Al r

B FPIATS oc.1s T fx B e 3230 1.2:1 181 235 Al r

P34 oc.as M5 a1 41.300 1.7:1 181 417 Al or

B FPI1ATS o237 E r= || 41-800 1.3:1 TE1 436 Al [}

FR30 noc.= = [RS8 E1-200 1.2:1 181 4.1z Al or

B FPRIRTS oc.= = LS| G134 1.7:1 181 436 Al oI

FFP50 Oc-48 EE ] 1R=x] o300 1.2:1 181 4.1z Al or

B PP5RTS Oc-48 EE 10541 0.0 1.2:1 181 435 Al oI

AT [a]=gli] ET -7 117-340 1.3:1 TE1 413 Al ar

[ & 1e8 ] oc.-gl ol 171-15T 15744 1.2:1 181 au Al or

|51 e OC-& [ ] ME-120 120420 1.%1 TE1 a4 Al ar

B AP0 [ 108 TE-120 120400 1.2:1 181 2ar Al r

FF150 Oc.-1d0 155 i ol 3100 1.2:1 181 anu Al or

FF-2 oc-1m g =l 03 Il 300 1.7:1 181 ERE Al ar

FP350 OcC.- 775 250 EFJIE ] A0 12001 1.2:1 181 415 Al or

PP Q-T2 =T A10-550 01 1.7:1 181 ERE Al ar

FPasn Oc-400 Mo sl 350 TR 1300 1.2:1 181 416 Al or

FLP.550 OC.-530 chli] HAiaa Lorake e ] 1.2:1 181 4.1k Al or

FPa00 OC-581 [ a] 24013 1141 A0 171 181 416 Aol or

B PG00 OC-580 (= ]1] B0 1770 70001 1.2:1 181 2ar Al oI

PR 350 [alrx 1] T 130 1300 7T 1.7:1 181 417 Al or

[ 1e: e [afek 1] H RO Td00 0 1.2:1 181 217 Al or

P35 OC-TED fital TI00 T4 T4 7T 1.7:1 181 417 Al or

B FPacs OC-T=0 asn 1150 1] 1450 7101 1.3:1 TE1 aar Al [}

[ led ci] 0300 b a] 12301750 175000 1.2:1 181 415 Al or

PR OC. 100 1200 TERF10H1 T 500 1.7:1 181 418 Al or
NIGTES:

35 dB for SCILF-320, SCLF 420 2nd SCLF.S50 madals
*  1db comprasson at «13dbm input poesar
B Denctes 75 ahm model
a  Hon-hametc
a l::l:"lll:‘1r'.'.‘1| Cuality l:'.-::rilui‘é-'ln-c:nclims Ermdronimintal MEM GUIDE
sacifications, H-Ral and ML description s givenin
E!DIIETHHII[#III‘IL“I.IIII [=mction 0. ¥ * MCLRG. NN

B, Comecior types and case mounted aptions, case finshas FLP-30 L
e ghan nsackion 0 see "Casa siylos & cutine drawings” FLP-100 5915-071-332- 1EN

C Prices and spedfications subkect ta changae without natica. FLP-150 EE 507280 3575

1. shsclute medmum powar, voltage and cument ating: FLP-200 51 507450 T 1
Ta. RF poser, 0.5 Wailt FLP-S0 L1507 220. 2000

SO0

Dvirdondiove Cavdava MOATH AMERCA S00-853-Td40 + 417335 508 +Fax 4173555045 « EURDF E44-12503- 235004 » Fae 441253 20000

o o
&4 m “ini -circuih PO, Bex 35MEE, Brediyi mmlmminﬁﬁﬂ;m Fue (715 &2 481
140
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G.2. Especificaciones Filtro PHP50 Mini-Circuits
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FILTERS 500

Surface Mount”

HiH Pass 16.5 MHz 102.2 GHz

SURFACE MOUNT
S FHP
S0P BAND, KHz [co, MHz | PASSEAND, MHz WEWER, CAPD | CASE | = | PRICE
MNom. Slopband  Passband | DATA | STYLE | 7| %
m BHAF a
R 5

MCIDEL =) i oy
[ [=N oss = iRy (Joss = 200 loss Z0B) foss < 1dBj) Typ. Tvp. Page | NoleB | n | 0@
nc-u [3E LG 12200 181 1751 el [o| 14
0c-1z 1218 = 15300 181 131 B4 | YR || 1ass
SCHE 3 [A[ATTY 145.100 s FOTEH 181 154 B4 | VPR || 1ass
PHE75 nc-1z 1210 = FT5.300 181 174 E7E o] e
PHE50 oc2n a 11200 17 151 E7E w1
FHP- 1M =i} = 00 17 1511 E7R o] 1A
FHP-150 [E=E1] 1 13200 17 121 EFT o] 1A
FHP-1TS 00 40 160300 1 1511 EFT wl o] 1A
FHP-2 [F=) TE4 135200 1 11 EFT o] ot
AE 5T 1 131 E7E wl o] A
s LT 1M 1.4 E7R o] s
D TR ] 1 1.7 E7E wl o] 1A
e ey ] 171 1541 i o] 1A
S s 1 2k B o] s
0e-4oi R ] 1 121 B o] s
OC-445 : P 1 211 = o] 1A
0521 ] 102 ¥H 1 11 = o] 1A
PHP- T8k 0e-E50 o L+ ] 1 1541 B o] s

HiGH PABS

TYPICAL FREQUEWCY RESPOMNSE
40 T,
= :=.
= 1
I 1
§ a0 ——
T :|I
5
3 '\
% !
I——'— — }
L i _|- ﬁ=_
oC % TR0
NDTE'S fregu ency oo
rmartion loex 1.5 48 madmom
a
o ~adures, Envrormental Spaciiica
i e given N sechion d, s
SUE -lul kity” article.
B Comector I\q s mnd case mounted options, caea Tnishes ae . i
Ve in s -Tc I|-:1|l:rl = "iq shykas AI--uIIn: hir\-mu-ﬁ PN connectons
T Prcesand spenhcabom sibgect to o g2 without nabica. — . 2 o
1. ahsolute mesimum power, wakage and cumant rating: HL" o '"h_' el MSMGUIDE
la R e, D5 Walt — -
2. muadel am avalable wlll maksTamsle '_""“ ! MCLMO. NS
-:Jh-n:-:-urx;r ar CAIT . 8 HHP-25 5015014752519
Sae sechion d, G LELELY SHP-P00 5515-01-360-0577

g
=

I,.._.,.',IHini-Circuits‘“

WNTERNET o iy (TS LI G047l
P Do 30, Basahly i, Masw Youk 112050008 (718004500 Fas 71§ 232881

Dl iavs Clvalevd MOATH AMEFECE 008547040+ 417335 G0 +Fax 4173325045 « SURADE E44-1 253 235004 + Faxe 44-1252- 230010

145

B0 B CERTHAED
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s [dMini-Circuits’

2

Freauency Mixers

Plug-in

Acnive, Loap Insensimve 10 fo 500 MHz

UMCL-X1 {+7 48m L0, up o =1 dBm AR
UNCL-XTMH (=13 dim 1O, up o =7 ¢Bm JF)

LRECL &
LRCL M

FRECIUENCY| CONVERSION | LOURF ISOLATION, dB | LO-IF ISOLATION, dis | e DE el | Cast | EPrlse
MHz GAIN, B POWER | FOMER | Data | sME (|| 8
Micl-gand  Total E‘.’IE;? ) i ]
RCDEL | Lo IF m Rarge L M u L M u com S Hanchone) [ qz_
N, 4, % @ M M [Typ M P MR pMn | BpoEn R Mn e en ;..”f ol | Page  [motel | B[
LRCL 51 | 190 el | 157 o8 10 10 | G0 4 A% 3 25 & | &0 30 30 &0 & 13 ] [FEE N R T R
CLXIMH | 1500 1o |20 gsns 0 DM WM WM M oEl 2 @ | 1 | A |a| am

L =low range [ to 101

featuraes

s Zlone Ard-arder I

a iresrative to IF load
s VEWE 1.2:1, IFRF ports

M = midangs 10F Lof, /2]
m = mid band [ tof /2

12 VDo

.;-F—?:*D%-w

Acnive, Low Noise (4.3 dB typ.) 10 1o 500 MHz

UNCL-RI (+7 ¢Bm LO, upto -10 gBm RF)
UNCL-RIH (=17 dBm L0, up to =1 dBm RE)

KECL-A

HKHCLFH

U = upperrange [f /2 tof, |

FRECGUEMZY| CONWERSION | LS RF ISCLATION, dB | LO-IF ISCLATION, d B | INPUT b CArD | CASE ﬁ Fric i
HZ GAIN, dB8 i FOWER | POWER | DATA [ STYLE i %
Micl-Bain Tatal (clamy iy
[k " Rarga) L M u L " u | oo - E oy,
N, 1L &0 My g | TYP M RN g | e, R M e e WE | vok R pae |mmen |3 n%
UNCLED [ 104 0o 35311 2 b2 | B ds [T T TR TR T 1 [ 12w [ 1aes [ oam || @ns
INCLEH | Wsmocoy a1z &1 3 B @ (@B us o= wm|amwm moEo@moum o | 19 | oam | of oo

L = kot range [F to 101§

M = mictanae 10 tof 2]
m = mid band [20 1o f,/2

1Z VDG
Hqﬁ)—D%]—Q%i—mF
¥}

PTERME T o D e Lt a1

B0 BT CERTRED

U = upperrance [f /2 tof)

PO Bom TE0EE, Baoakly i, P Vel 1135 00GF (718034500 Fax (1§ 04861
inairdadise Cevleva MOATH AMERCA S00-85-7040 » 417535 2008 +Fax 417338505 » SUACP E44- 1253 215004 » Fae 44- 1153 2 W00

SR
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Vorrace ControLLED OSCILLATORS

Plug-in

Livear Tunwe 15 to 2120 MHz

I |
™

=]
FRES. [PCAWER] TUNE PHASEMCISE  |PULLING] FUSHING | TUNING JHARMONICSIS dB MOD)] POWER | CAPD(Cass| & | Frice
MHz [CUTPUY WOITAGE| cBzf Hz 35B & MHz | MHz"™ |SEMSTIVITY b BAMD- SUPRLY | DATA | 2pa
offsstfraquencies: | pk-pk IHz WICTH
Typ. @12 dBr kHz CLRRENT

1 1 w1 volings ™ Hoke aty
KHe kHi kHe WHE| Typ. P e TP Max Tp W W |Foge | B (5471
11| 84 -06 q36 oas | oo 0 1-4 s 15 3] 12 20 |1ea0 | aoa [ iess
1 14| 48 2110 430 80| 00 0 20-24 17 12 ] 12 2 |2 | aoe | 11es
1 14| &7 -110-130 180|008 a1l 21-18 7 ] 100 12 20 |2 | aos e 1ies
1 14| 83 .07 43 80| as az A47-48 23 18 ] 12 2 |2z | ane | 11es
1 14| 80 .0z -127 1@ | a2 az 5B - &7 LR ] 100 12 20 |23 aoe e 1ies
1 14| -B2 -ndE o122 42| D az 71-84 M a0 100 12 20 |24 | ane | 11as
1 la| -8 @D -iE0 -1an| 8 az RE-13 R 100 12 20 |eas| aoe e 12es
(I 1) - T I B K az 137 - 1458 B a0 ] 12 2 |eas | aoe | 129s
1 1| .7 @2 -11e 13| 2D a4 1008 - 34 30 100 12 [1may | aos | 1aes
1 14| 41 -BE -108 -12%|  &D a4 8 -27 IS ] 12 2 |28 | aoa e 14ss
. : 7 1 21| .75 @8 -116 13| 2D aa 16 .- 41 a0 199 12 o6 [1maw | a0 e 1ess
POG-1DOWYSID - 1000| 47 1 la| -7 @3 o133 aD i) ap - 42 a0 ] 12w | — | aoa e wes
poG-mEs |ass- 0oy R 1 14| 45 -Ba -104 -124| SO as 2l -3 23 12 100 12 2z |1e40| aos | tess
pogioed |7eaced| 412 |1 2| a8 &3 Nz | m in 1222 1 1009 2 30 || aoa e 14es
poel400 |esa4m0| 412 |1 20| #6 &5 -5 -136[ 38 5 7143 1 1000 2 30 1542 | aos e 4es
pogacod 1ameooal 40 |1 2| a0 &6 -6 o136 2 15 apen n o - 1003 2 30 |1e43 | aoa e 49s
Hew rosaiamafioanztza) 4 5 m| M & a17.azF| 27 25 3130 no - 1033 12 o8 | — | aoa]re] 218

521 [ed Mini-Circuits’

163

features
Octove bandwidth range (ho.)

Limeartuning
Low phosa noise

Excellent harmonic suppression
Oufput suitakle for LO driive to mbeers
Low pponwear consumtion, typically 190 ml (mast modeak)
Usable with + 15V supply forhigher powser cutput, typically 2 B
Ussfulin digital cordless phones, calularup-and-down convartars, CATY distribution and
et top convertars, wideband frequency synthasizers, tast irstrumants, sgnal generctors

and ogile commul

MOTES:
Ganand aualty Conicl Procedunss, Envicnmenta speciications, HHRe, ond MIL descilption are given InGanenal informaticn (Section ).

s modnted opfions, cose finkhes ore given Insaction O see "Come Styes 3
Prices and Spacricaions SULect 1o change wihout notice,

AL

B.
c
1.

=]

Connechar typesand

Abaciute Maximum Su

nications systems

PRty vialtage (v

& Tuning Valiogs (W,

hiodel

[ LT L. ]

Cperating Temperaturs: -554C fo +85°C

DESIGNERS KITS AVANLABLE

KIT HC. ar Frice

R Uritsin KIt CascAption par KIb
K-PoaE1 0 Tafeach: POE-80, P46 100 160, 200 300, 400, 536, 768, |25 12498
K-POGE T 1of@ach: POS-6A. 100, 200, a00, 536, 768, 11 TRAh
K-POGE & 2 of @ach: POS- 1060, 1400, 3000 TRAD
K-JTCET o 1 of @ach JTCS-E0, 75 100 180 200, 300,400, B35, 78, 1025 145
K-JTCEZ e 1 afgach JTIOE-50, 100, 200, 400, B30, 7ah 1026 fesie el
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I l ’ \D 1 T1021

TECHNOLOGY Precision Reference
FEATURES DESCRIPTION
= Pin Compatible with Most Bandgap Reference The LT™1021 is a precision reference with ultralow drift
Applications, Including Ref 01, Ref 02, LM368, and noise, extremely good long term stability and almost
WCTA00 and MCT404 with Greatly Improved total immunity to input voltage variations. The reference
Stability, Noise and Drift output will both source and sink up to 10mA. Three
= Ultralow Drift: 5ppmy=C Max Slopa voltages are available: 5%, 7 and 0%, The 7% and 10V
= Trimmed Output Yoltage Lnitscanbe used as shunt regulators (two-terminal zeners)
® (Operates in Series or Shunt Mode with the same precision characteristics as the three-
® Output Sinks and Sources in Series Mode terminal connection. Special care has been taken to mini-
m Very Low Noise: <1ppm p_p (0.1HZ to 10Hz) mize thermal requlation effects and temperature
® = 100dB Ripple Rejection incluced hysteresis.
= Minimum Input/Output Differential of 1Y T S e e i
= 100% Noise Tested The LT1027 references are based ona buried zener diode

structure that eliminates noise and stability problems
associated with surface breakdown devices. Further, a
APPLICATIONS subsurface zener exhibits better temperature drift and

time stability than even the best bandgap references.

= A/Dand DfA Comverters _ o _

= Procision Regulators Unique circuit design makes the LT1021 the first IC
= Digital Voltmeters reference to offer ultralow drift without the use of high
= |nertial Navigation Systems power on-chip heaters.

® Precision Scales The LT1021-7 uses no resistive divider to set output
® Portable Reference Standard voltage, and therefore exhibitsthe best long term stability

and temperature hysteresis, The LTT021-5 and LT1021-
10areintendedfor systems requiringa precise 5V ar 10V
reference with an initial tolerance as low as £0.05%.
ALF LTC and LT are registered trademerks of Lingar Technology Corporation

Typical Distribution of Temperature Drift
. .. . . e ——
Basic Positive and Negative Connections DISTRIBUTICN
7 = 10F THREE RUNS
LTi021 LTICR1 "
(T AND 10 ONLY) |
" " . — 16 =
Wiy—1 IN aur — oy Wo—] N ouT &
G BND 1:— w1
J_ “Noun = g —
= B '-';, -l — | |
Al hopt 15MA R1 &
_|L'..' 1 __ -
-l — n
5 -4-3-2-10 1 2 3 4 5§

CUTPUT DRIFT {ppmé=c)
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Output short-Circuit Duration

LT1021

ABSOLUTE MAXIMUM RATINGS  (uote )

INPLEYOIATE i i s s A0y

Input/Cutput Voltage Differential ... 35V

Output-to-Ground Yoltage {Shunt Mode Current Limit)
LTTO2T-5 e s e e e s 10y

LT1021-7 ...... w10V

LT1021-10
Trim Pin-to-Ground Voltage

POSIEIVE L Equal to Vot

MEGATVE Lo - 200

M= 35V 10 sec

VinE 200 i e e [ndefinite
Operating Temperature Range

COMIMENTIAL Lo e 0°Cto 70°C

INAUSLIAL o —40°C to B5°C

WHIEANY oo —55°C o 125°C
Storage Temperature Range ... ... ... —B5°C 10 150°C
Lead Temperature (Soldering, 10 58C) ... ... a00°C

PACKAGE/ORDER INFORMATION

ORDER PART

NUMEER

LT1021BCH-5
- LT1021BMH-5
s LT1021CCH-5

LT1021CMH-5
LT10210CH-5
LT10210MH-5
LT1021BCH-T
LT1021BMH-T7
GND LT10210CH-7

3-LEADHTEE ﬁETE.!J. CAN ng?l %I‘HH:'?D

"l;#:-TRIMPIrJ-:ﬂ LTIa21.7 LT1021CCH-10

[0 NOT CONKECT EXTERMAL LT1021 CMH-10

LT10210CH-10

LT10210MH-10

CIRCUITRY 0 PN 6 ON LTI021 -7
T = 150°E, 8 = TSCFLIALH - = 45T

ORDER PART
MUMBER

LT1021BCNHE-5
LT1021CCHA-5

ToPvIEw LT102 1CING-5
mo ] Y [@oe LT1021DCHE-5
i (2] [7] once LT102101M8-5
ohe 3] agm LT1021DC58-5
Guo 2] (5] TRIM* LT1021BCHA-T

LT10210CN8-7
LT1021DC38-7
LT1021BCHE-10
LT1021CCHE-10
LT1021CINE-10
LT1021DCNE-10
LT10210C=8-10
LT102101M8-10

N PACKAGE S8 PACKAGE
4.LEADPDIP  B-LEAD FLASTIC 30

“CONMECTED INTERMALLY
DO NOT COMNECT EXTERNAL
CRCUITRY TO THESE PINS

**NO TRIMPIN ON LT021-T.
DO NOT COMNECT EXTERMAL
CRCUIMRY TOPINEON LT1021.7

Tang = 130°C, By = 130°CAN (M)
Tang = 130°C, ) = 160°CAN [5)

58 PART MARKING

021DC5
02107
0210C1
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LT1021

ELECTRICAL CHARACTERISTICS the o denotes specitications that apply over the tull operating temperature

range, otherwise specifications are Tg = 25°C. Wy = 15V, lggr = 0, unless otherwise noted .

LT1021-10

PARAMETER COMDITIONS 1] TYP T LNITS
Output Voltage (Mote 2 LT1021C-10 0095 1000 10005 W
LT1021 B-10A.T10@10-10 9.050 1000 10050 W

Output Yoltage Temperature Coefficient (Noba 3) Toms Ty = T
LT021B-10 L ] 2 5 pamicC
LTIo21CALT1o210-10 L] 5 20 pRmiC
Line Requlation (Mote 4) 115V = Wy = 145V 1.0 | ppmiy
L] & ppmiy
145V = Wy = 400 05 2 ppmiy
] | ppmiy
Load Regulation {Sourcing Current) 0= lgyr = 10mA 12 25 ppmimd
{Note 4) L ] 40 ppm/mi
Load Requlation (Shunt Moda) 1.7mA < lsHuwt < 10mA 50 100 ppm/ma
{Moles 4, 5 L 150 ppm/mé
Supply Corrent {Saries Mode) 1.2 137 mi
L] 20 mi
Minmum Current (Shunt Mode) Wy is Open 1.1 1.5 mik
L ] 1.7 mil
Output Voltage Noisa (Nota &) 0.Hz= f=10H 6.0 wipp
10Hz = F = TkHz A5 5} Wigns
Long Term Stability of Output Veltage (Note 7) Al = 1000Hrs Moncumulative 15 ppm
Temperature Hysterosis of Output AT = +25°C 5 ppm

Motz 1 Absclute Maximum Ratings are those valies beyond which the life
of a device may be impaired.

Mete 2: Output voltage is measurad immediately after twum-on. Changes
due to chip warm-up are typically less than 0.005%.

Mete 3: Ternperature coefficient is measurad by dividing the change in
output woltage ower the temperature range by the change in emperature,
Soparata tests are done for hot and cold; Ty to 25°C and 25°C 10 e
Incremental slope is also measured al 25°C.

Mete 4: Line and koad regulation are measured ona pulse basis. Cutput
changes due to die temperature change must b taken inlo account
separataly. Package thermal resistance is 150°CAW for TO-5 (H), 130°CAN
fior M and 150°CAW for the S0-8.

Mete 5: Shunt mode regulation is measured with the input open. With the
input cormnectad, shunt mode current can be recucad o Oma. Load
refulation will remain the same.

Mete &: RMS noise is measured with a 2-pole hichpass filter at 10Hz and a
2-poke kewpass filter at 1kHz. The resulting cutput is full-wawe rectified and
then intagrated for a fired period, making the final reading an averaoe &
opposad to RMS, Cormaction factors areusad tocomvert from average o
RMS and correct for the non-ideal handpass of the filters.

Pegk-to-paak noise is measured with a single highpass filter at 0.1Hz and a
2-pok kwpass filter at 10Hz. Theunit is enclosad in a still-air amvironment
ty eliminata thermocoupde effects on the lads. Test tima is 10 seconds,
Mete 7: Consult factory for units with long term stability data,
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L T1021

TYPICAL PERFORMANCE CHARACTERISTICS

Ripple Rejection Ripple Rejection
11 131
' = 180HZ |_T|]|:-_J|_IT 'y = 16Y | | | ||
" i b T
0217
110
LTIER1-10
& 16 / - - -
= L] : m~J [T
g
e 10 .—/ - - ‘f ]
2 LTIEZ1-6 Lr10e1 5 )
=
e a4 —'__,.r-'-'-'_
el m
1
) H
= 8
= )
0 5 D 18 2 ¥/ I % 40 10 100 Tk 1%
INPUT WOLTAGE (V) FRETUENCY (HE)
¥ LT cae
] Start-Up {Shunt Mode)
Start-Up (Series Mode) LT1021-7, LT1021-10
13 il
i AR [
2 LTIEI-10
n 31 / H“"i f
02110 — rU L
= ow LT = /J_I_.,-.I" —u o
o} e L] : [T} 1
R a f He—{ M
= = G
= 8 — 2 4 ==
£ . LT1021.7 £ /.\ =
E [ ] E ; e [
=T LM 5 = Lmaz-?
K o
. 3
4
3 &
D 2 4 B g W 1Z 14 Iz 4 B & W 12
TINE {p5] TIME {ps)
LKA e
) Output Voltage Temperature Dritt
Output Voltage Moise LT1021-5
16 = £.006
NETEL )
14 | FILTER =1 POLE
fow = DTHE 5,004
12 =
L )
" | 5 I ]
o @ ’ £ 5000
g g L AUl E
E -4 4 £ 4m
1 }F il =]
o
. :;ﬁ:: LTI0215 4505
R i il
D 45
10 100 I 10k 50 35 0 25 81 75 100 13
BANCWIDTH (HI) TEMPERATURE (0

IMPUTOUTPLT ¥OLTAGE (W)

ILAGE [t T

MOISENL

OUTPUT C HA MGE [

Minimum Input/Jutput Ditterential
LT1021-7, LT1021-10

16 —
Ty= 126 °C
14 =
17 =Tie-ET L4
=] LT
10— Ty= 26 °C
LT 1A
0.a ==
1.6 "'F/
06 [
0.4
Dz 4 B 8 WIZAIEm
CUTFUT CURRENT m&)
Dutput Voltage Moise Spectrum
400
30
0
20
20
o
150 == LTI021-10
100 LT1021.7
- T TTIT
& LTI021.5
0 LI
10 0o 1k 10k
FREQLENCY HZ)
Load Regqulation LT1021-5
- II‘"‘]'EIII
: =
2 o
1 ]
-1
-1
-

"lo-m 6 -4-20 2 4 B B 1D

SOURCING SINKING
OUTPUT CURRENT {mé&)

LYIe

N
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LT1

021

TYPICAL PERFORMANCE CHARACTERISTICS

Quiescent Current LT1021-5

18 -
lpur =0
15
4
Ez
=
£ 1o
Z s
E N3
T ond
0z
1
D05 W 15 D X W K A
INPLIT WOLTAGE [¥)
LT am
Load Transient Response
LT1021-5, Cpgap = 0
] T4
| EaxE =0 Iy =1
SRR
5 soié o
L NN
2| isounce - D.5mA 7 e - D2MA
g T
E [ Isoupce = 2-10m8 [T lsing = 2-10mAT
a1 [
HEEENEEE
Akoune = 1000Aap  Alsi = 100040
a1 2z 3 401 2 3 4
TINE (s
Output Veltage Temperature
DrftLT1021-7
7003
1002
ﬁ- T.001
=
2 70m el —
2
£ B33
o
-]
BT
ZED 25 O 25 81 75 100 115

TEMPERATURE 0]

CURRENT INTO OUTPUT (mA)

OUTPUT CHANGE (m'¥)

Sink Mode* Current Limit
LT1021-5

Y-8

o2 4 6 8 w1 M
DUTPUT YOLTAGE ()

“HOTE THAT AN INPUT WOLTAGE IS REQUIRED

FOR Y UNTS

1B 18

Load Transient Response
LT1021-5, C nap = 1000pF

|x-:1|||u:|l- oft
[14]Y
2
[1h
F gy = 02T8

[ 11
F lsourre = 2-10MA ——p—r lspp - 2-10MA 4
| |

| .
[ MEEN
Aleopce = 10004 Alsig = 1000ARR
0 5 101 2 0 6 1015 20

TINE {us]

L
N3N

) Vo - nama

x

4

[

¥ o o

LITP LUITC HANGE [20mi DN}

Load Regulation
LT1021-7, LT1021-10

V- 120

"8 -E-4-20 2 4 B B 0
SOURCING SINKING
CUTFUT CURRENT (&)

OUTPUT CHANGE (m ')

NPUT OURRENT (&)

-DE
-0

=
)
=
jar]
o
=
=
=
=
=

16

14

1.0
[i1:%
aa
04

Thermal Regulation LT1021-5

Vi = 25N
APOWER = 200miN
1 1
Lo&D
“"REGLI..!.TEH,;’"

]

fr—

e THERMAL

™11 RecUlATION __|

I ann = 10mA

O M 40 B0 BD 00
TIME {ms]

120 140

Lum o

Output Moise 0. 1Hz ta 10Hz
LT1021-5

FILTERING = 1 ZEROAT 0.1HZ
2 FOLES AT 10Hz

|
T4
0 1 H 3 ] ] 1
TIME MINLITES]
Quiescent Current LT1021-7
||:||i-l3
I|,_._..—-—'
4[_,_._.—
i
14

a
o& 10 1% 0 ¥ 0 I X

INPUT WOLTAGE ()

LHEFE

LTI
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LT1021

TYPICAL PERFORMANCE CHARACTERISTICS

Shunt Made Current Limit

Shunt Charactenistics LT1021-7 LT1021-7
1 ]
INPUT FIN OFEN INFLT FIN OFEN
_1n g 0
E E /
=L ] — 5 40
= Ty- 55T |J E
a Ty= BT _,,,.--"“’ ] =] ‘,/
g oe [ I g ¥
= r L~ = '_‘.l’Ir
E 04 e A E m
e [
= Le~" T = 126°C o
=0z ] - i}
] 0
o1 2z 1 4 5 6 T @ 8 002 4 6 B WL WG B
OUTPUT TOGROUND YOLTAGE (V] CUTPUT VOLTAGE (¥)
(851 ra [ ]
Load Transient Response Load Transient Response
LT1021-7, Cloppn=10 LT1021-7, Crogp = 1000pF
- T T T T T 1T T T T
I | ol =05TA | e = 0 g = DEMA |
Isaunce = 0 [ L | 1)
w T 1t w p— i
2 r'ﬁl o] tepg- 1.2mA | o] s ol 2
R amm T N A
BT ]
2 rﬂ 9 A s P I T
o IsauRcE = 05m& | + r\ =1 koupRce =05MA |
= '] t = A
E ke ban = T.AMA g gl smEs TTA
NN NEMEEN 5 L
Floaunce = 2108 [ lpy - 2-10m8 e = E10MA | Igpgg = 2-10TA
Alsrupee = 100pApp Al = 100pAe R Aoy = 100AeR  Alsig = 1000AP
012 3 4 0D01 2 3 4 06 W16 @A & 101620
TIME [us) EusN
MOTE WERTICAL SCALE CHANGE NOTE VERTICAL SCALE CHANGE
DETWEEN SOURLING AND SINEING BETWEEN SOURCING AND SINKING
Output Voltage Temperature Load Regulation
DrftLT1021-10 LT1021-7, LT1021-10
10.008 1
. Wi =12/
10.004 . A
Z 000 E ¢
o 8 /’/
= =
= 1000 I, e
= c I
||
E 0.66g E -
3 2 -2
3
995 -
4
999 - 5
50 25 D 2 B0 75 100 1 08 -BE-4-2D 2 4 & B W

TEMFERATURE [°C) SOURCING SINKENG

CUTPUT CHANGE (i)

INPUT CLIERENT (&)

WOLTAGEND

ATPUTY

1.2
1B
1.4
1.2
1.0
na
0E
0.4
a0z

o

LOAD
[ REGLILATION
o
b= —Jw THERMAL
REGULATION" |
Iepap = 10MA
[

ISE (S DM]

Thermal Regulation LT1021-7

Win = 2TV

|- APDWER = 300N

0 20 4D B0 80 100 10 140
TINE [ms]

*INDEPENDENT OF TEMPERATURE COEFFICIENT

P

Output Noise 0.1Hz to 10Hz
LTo21-7

FILTERING - 1ZEROAT 0.1Hz
2 POLES AT 10HZ

B (0.Tppm)

|
t

o 1 2z 3 4 B B
TIME (MINLTES)

Input Supply Current LT1021-10
1

Ty =557
Ti= 855G

e e e

1 netme| ||
i

lur=0

/

06 1 1% A ® N OFHE 40
INPUT WOLTAGE (W)

QUTPUT CURRENT [mA)
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LT1021
TYPICAL PERFORMANCE CHARACTERISTICS

Shunt Made Current Limit

Shunt Characteristics LT1021-10 LT1021-10 Thermal Regulation LT1021-10
{E:| B
NPLT PINCFEN INFLIT FIN OFEN Vi - 0%
& . - AFIWER = 200mW
. b ' '
T 14 = LOAD
E = = O RECULATION [
512 = = £ 1
= [ I w 06
£ el 5 ]
ERT Ty 55 — = ] = N A
O o 3 £ 1 == —
= ’f"':'i"‘ — = f 5 - T THERMAL
= = REGULATION®
Z 05 Pl P P2 R Em il g s —
g 1 ’/-“ B 3
[
E] 04 Ty= 126 = Iy e = 10MA
| 0 |
02 |
a ] —
Dz 4 & & 1 1 02 4 6 B 1012 M 16 1B DM 40 G0 B 100 120 MO
OUTRUT 0 GROLND WOLTAGE (V) CUTPUT VOLTAGE (V) TIME {rms)
(o v e *INDEFENDENT OF TEMPERATUIRE CCEFFICIENT
(Ll ]
Load Transient Response Load Transient Response Dutput Noise 0.1Hz to 10Hz
LT1021-10, Cigap= 0 LT1021-10, Cygep = 1000pF LTi021-10
| | T T T T | | T T T T LI T T
- lmrig - DEMA | ] ks = 08MA | - FILTERNG = _I‘SEDII?-}-E_;A;TDI':JILZI
benurce = 0 Isourze = O = | :
" O " Tt S
g | b e z i Som S o pppm
I om T T ke Loma [ F L i
E AN " S 1ma ; LN “ K E
S| r | s g
= [gaupee = 0.2ma — 7T =1 z - 2
5 [ 'squmce - 0.2mA b g - 1M i 5 | koupce - 05mA . I=gp = 1 ATA = T‘
£
RN EMEE I EEENENIEN =
|| !sounce = 2-10mA _w_flxmr.- 2-10ma | len oy = 2-10mA lu"’l’:;mr:' 2.10mA 2
ey = 1000A e Alggg = 1000Ap Alzpypyp = 100pApp - Alyry = 100pAp p
001 2z 3 4 01 2 34 D12 3401 E 3 4 iI1 oz 1 4 5 &
TINE {p5) TIME (5] THIE MNUTES)
NOTE VERTICAL SCALE CHANGE NOTEYERTICAL SCALE CHANGE

BETWEEN SOURCING AND SINKING BETWEEN SOURCING AND SNKING
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LMF60 High Performance

Butterworth Lowpass Filter
General Description

Tha LM=E) s a ligh pardamanos, proasion, §6eardar Sut
tarwarth lowpass actva fltar i = fabvicxad wusing Masan-
alsLMCMOS pmoass, an impravad silican-gata CWOSE pro-
oass spacifically dasigned for andog products. Switchads
capsaiar oreguas almnada aslormal Oompon o Fo ure-
mants and alow a dock-wnabla outof Faquance Tha mtia
at tha dock Fequancy o a lowpass culaft Fequancy is
imenally sat ta 5001 (LMSE050) ar 10001 (LMEED 100, A
Sohmift figgar dack nput staga alaws twa dacking ap-
tians, aifwr mifclcking (wia an axdana resistar and ca
paditar) farstand -alana applications, ar for Sghtar cutalf fa-
quency canral, a TTL ar SMOS logo compatinle dock can
ba dracty apphed. The maxmaly fat passhand fmquancy
raspansa fagathar with a DC gain of 1V allaves cascading
LMF80 sacfons for highaeardar fitaning . In addition 1a e
fiter, twa indapandant SWMOS oo amps e noudad on S
dia and ara usatul far any ganaral signal cand fianing aopl
catons The LMAE0 & pne and tunctionaly-compathla with
tha M5, bt providas impmeeed pardormanca

ﬂﬁatinna! Semiconducror

Way 1925

6th-Order Switched Capacitor

Features
m Cutafl Foquancy ranga af (L1 Hz 1o 30 kHz
B Cuof Fequenoy acowracy ot * 1.0%, masmum
m Low affsat waltaga + 100 mi, magmum, =5 supply
B Low clodk fsadfimugh af 10 mv_p, tyical
B Dymamic ranga of 88 4B, typcal
B Twa uncommifiad oo amps aaiabla
B Mo asiernal companants reguired
B l&pn 0P o 14gEn widaebady S0, packaga
m Singla /Dual Supply Oparation
ey g 18y (22 ta £ 7V
B Culofl Faquanoy sai by adamal ar imlanal dock
B Fincoompatinla w tha WMEE

Applications

B Communicaton systams

B Audia flaring

B Anfalias llanng

B Data soquisiton nasa Sliaring
B nETumanta tan

B High-ardar tradking fitars

Block and Connection Diagrams

- = m

Top Wiew

Ordier Numiber LIMFSDCM.-50,
(BaE2-9095 T01MCAor

LIMF50CMJ50/883),
LMFEOCMI-100, or
{GaE2-90956 T02MCA

TR-ETATEY B ek of oA parnlicn.

or LMFSICMJ100/883)
See NE Package Number J 144

Or der Humber LMPSOC TWIM-50
or LMFS0C IWM-100
See NS Padcage Number M 148

LR ~1

Order Number LMF&ICIN-50
or LMFS1CIN-100
Soe NS Package Number N144

wuti il Plcrred Sermcoral oo i orpossd ion TSt Sl

[RATel Sl i Pt il 8

Ja}|id ssedmon yplomiang Joydeded paysyms JeplO-yi9 asuewsopiad ybiH 094N
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Absolute Maximum Ratings (uaa 1)

it MEitary fAcrospace specified devices are requined, Saldering Informatian

please comtact the Hational Semiconductor Sales # W Packoaner 10 san T
Office Mistributor s for avalability and speciications. * | Padkage 10 sac 2T
Supply Waltaga (v 7 W T MNada A 15y * 50 Package Vapar Phasa §60 saco ) 2157
‘Waltaga at Any n W b asy Infrarad {15 so){Mala &) 23

W sy
o Curantat Any i {ata ) 5 ma, Operating Ratings (v 1)
Paciaga input Curment {Mate 3 X mé, Temparaturs Rangs Thin = T = Thaa

LM FE0CIN-50, LME G0N 100

P Disspaton (Nota £) 500 mi LMFBOCLIS0, LMASECLA100
S‘Iumgu Tampamiwa G Cia + 1600 LA EE00 I 50
&7 Suscepibiity (Naka 5] e L FBAC A1 00 G =Ty = + 85T
CLE B Bin O LMFSOC A5, LMPE0CM A 100
LA FBOC IS0/ 883
LM FBOC AL 00883 BEC < Ty = + 125
S.F'H'i' Wataga ':"‘ul'- LT | £y fa 12y

Filter Electrical Characteristics
Tha falowing spacfcations apply far iz, = 500 kHz Nata 7) unless aferssa spacifad. Boldface Bmits applyfor Ty = T,
TH ] Tuu: all gthar imnas T_Q TJ 25C

Tynical Limits Units
Symbol Parametor Conditions Mot &) (Note ) [Limits)
Ve B, BV
fow Clack Fraquancy Hanga 5 Hzi i)
Mo 1) 1.5 WMHz{Max)
Ig Tortal Suppby Cunrani 7 f 12.0 m { aw)
Clack Faadthraugh Vigg = 0V Rlter 10 mipp
Crpamp 5 mivpg
H s OC Gain A g = 2 kel iR ] i o410 o2 (Max
06 i 0.30 R ]
fagfs | Gadkia LAIFED 50 2800+ 8% JH9.00 + LO% IR E ]
Cur et
F e sy LAAEE0-100 S0 =08 JeA.40 & LO0% L E ]
Aaga Mot 10
Tamparatum Coafficant . o
of o/ w
LT Sinphand Aftenuafan A2 w g 1] R ]
Vg G OHeni LMFED5D + 100 i’ { Mg
Waltaga LAEED110 t 180 iy {Mas
Ve Chutput ' citaga +as ! + AT W {Mim
Swing (Mot 2) 42 i #.0 LEATE
lgz Cantput Shart Cirout Souroa 1) m#
Cumant {Nata 11) Snk 22 ma
Dynamio Hanga
paada 12) = &
Aok I 12 ke .5 20aE J-9.48 + 0 d3
o Lrsasg | W
#gniuce [T 087 +016 (087 + G20 da
Aaspansa
Tasi Painis L IFA0.1 0 gy = GlHz 9230 +02d S-8.30 + A0 da
Mata 13 fpg = 45 ki oAy 4016 S-087 + 20 da

e M ioral oo 2
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Filter Electrical Characteristics jconsnuad)
Tha falawng spacticatons aply for dzg g, = 250 kHz (Mata 7) unlass ahawsa spacitod. Badface Bmits apply far Ty = Ty
T bo Twax; dl atarlimis Ta = Ty = 25C

Tynical Limits Linkts
Symbol Pramabar Condilons {Motn &) {Hote 5) {Limits)
W 10 2.8y
foip Clack Fmquanay Ranga 5 Hz{Win)
{Mera 16) 780 k| s
Ig Tata Supply Currnd 580 ! [- %] m {ax)
Clack Faadfimugh Wig = O Filies & v
{Paak ia Paak) Ooamp a iy
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Op Amp Electrical Characteristics
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Typical Performance Characteristics
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Typical Performance Characteristics cotnus)
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Especificaciones componentes electronicos

National Semicondu

CLC425

Ultra Low Noise Wideband Op Amp

General Description

The CLC425 combines awide bandwidth (1.9GHz GBW) with very
lows input noise (1.05nVAHz, 1.6pArHz)and lowde errors (100pV
Vs, 2uVI°C drift) to provide a very precise, wide dynamic-range
op amp offering closed-loop gains of 210,

Singularly suited for very wideband high-gain o peration, the CLC4 25
employs a traditional voltage-feediack topology providing all the
benefits of balanced inputs, such as low offsets and drifts, as well
as a 96dB cpen-oop gain, a 100dB CMRR and a 95dB PSRR.

The CLC425 also offers great flexibility with its externally adjustakle
supply current, allowing designars to easily choose the opimum
set of power, bandwidth, noise and distortion performance.
Operating from 54 power supplies, the CLC425 defaults to a
15mA quiescent current, or by adding one external resistor, the
supply current can be adjusted to less than Sma.

The CLC425's combination of ultra-low noise, wide gain-band-
width, high slew rate and low dc errors will enable applications in
areas such as medical diagnostic ultrasound, magnetic tape & disk
storage, communications and opto-electronics to achieve maximum
high-frequency signal-to-noise ratios.

Juna 1988

Features

m 1.9GHz gain-bandwidth product

m 1.05n%/A Hz input voltage noise

m 0.8pAivHz @ loc < 5mA

m 100pY input offset voltage, 2uVi°C drift

B 3E0Vus slew rate

m 15méA to 5méa adjustable supply cumrent

m Gainrange £10 to £1,000W0

m Evaluation boards & simulation
macromodel

m 0.9dB NF @ Rs = 700L2

Applications

m Instrumentation sense amplifiers

m Ulfrasound pre-amps

m Magnetic tape & disk pre-amps

m Photodiode transimped ance amplifiers
m Wide band active filters

® Low noise figure RF amplifiers

m Professional audio systems

® Low-noise loop fikers for PLLs

Equivalent Inpul Vokay Noke
o

dwy do puegapip @sioN Mo eyn

The CLC425 is available in the following versions: .
CLC4Z5AIP 40°C to +85°C 8-pin POIP % \\
CLC42EAJE 40°Cto +85°C 8-pin SOIC ERY
CLC425A8E -55°Cto +125°C  8-pin CERDIP, 3
MIL-STD-883, Lavel B - h
CLCAZEALC -40°C to +85°C dice \ A
CLC4ZSAMC  -55°Cto +125°C  dics, MIL-STD-883, Level B | e
CLCAZSAIMS  -40°Cto +85°C 5-pin SOT e T @ o o o oD
DESC SMD number ; 5962-93259. Froguency Hi)
Pinout Pincut
S0T23-5 DIP & SOIC
Vo [1] AREE ne ]+ ~ [2] Ry (cptional)

Vee [Z]

Vrorine E Il Viny

vinv E 3 W
Vncrvime E E Weut

. [= E] MG

& 19649 Mallonal Samicordudar Corparation
Friimd N tha U5 A

htp: s nalional.com

TAZO NS
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CLC425 Electrical Characteristics (ve= 5v; A,=+20; Ri=4000; R, = 26.10; R, = 100; unioss nctea)

PARAMETERS CONDITIONS TYF MINTAY RATING S LMITS SYMEOL
Ambient Temperaturs CLC425 Ad +25C 40 +251C +85C
FREQUENCY DONMAIN RESPOMNSE
gain bandwidth product Vo= 04V 19 15 15 1.0 GHz GBEW
-3dB bandwidth Vo= 0.4V 95 75 75 50 MHz S5BW
Vo= 5.0V 40 30 30 2 MMHz LSBW
gain flatness Ve DAV
peaking DC to 30MHz 0.3 07 0.5 07 dB GFP
rallaf DC to 30MHz 0.1 07 05 07 dB GFR
linear phasa deviation DG to 30MHz 0.7 15 15 25 . LPD
TIME DOMAIN RESPONSE
rise and fall ime 0.4V step T 47 47 7.0 ns TRS
sattling time to 0.2% 2V step 22 30 30 40 ns =5
avershoot 0.4 step 5 2 10 12 ] ]
slew rate 2V step 350 250 250 200 Vius 3R
DISTORTION AND MOISE RESPONSE
2 harmonic distortion e, 10MHz -53 43 48 46 dBc HOZ
¥ hamonic distortion M., 10MHz -75 G5 G5 &0 dBc HO3
¥ order intermedulation intercapt 10MHz 35 dBm IMD
aquivalent noise input
voltage 1Hz to 100MHz 1.05 1.25 1.25 1.8 miHz VN
current 1MHz to 100MHz 1.6 4.0 25 25 pASHz [ICH
noise figure Rg = 70082 0.9 dB MF
STATIC DC PERFORMANCE
open-loop gain Dc a5 T 86 '] dB ADL
‘input offset voltage + 100 + 1000 |+ 800 |£1000 ([pY VIO
average drift +2 B 4 uVirc OO
“input bias current 2 40 20 20 wh 1B
average drift -100 - 250 -120 nA~C  |DIB
input offset cumant +0.2 34 20 20 wh I}
average drift +3 + 50 + 25 nASC o |ONO
power supply rejection ratio D 05 2 a8 BE dB PSRR
common mode rejection ratio o 100 88 2 a0 dB CMRR
*supply curment R == 15 18 16 16 ma |GG
MISCELLANEOUS PERFORKMANCE
input resistance cammon-mode 2 0E 16 16 Mo RING
differential-made i 1 3 3 ki RIMD
input capacitance common-mode 15 2 2 2 pF CIMC
differential-mad e 19 3 3 3 pF CIND
output resistanca closed loop 5 50 10 10 i} ROUT
output voltage rangea Ri= +38 +35 +37 +37 W WO
Ru=1006 +3.4 +28 |32 +32 W WOL
input voltage range common maode +38 +34 +35 + 3.5 W CMIR
autput cumrant source B0 70 70 70 mé IDP
sink 80 45 55 55 mé [La§

Min‘max ratings are bas=d on product characterization and simulation.  Individual parametsrs are tested as noted. Cutgoing quality levels are

determined from tested parametars.

Absolute Maximum Ratings Miscellaneous Ratings

v

| shorleieul prokeie to ground, howesser s mum roliablly

Is chlsined T |, 30a s nol axceed
comman-mods input voltage
rzzimum junation temperature
cperating temperaturs range:

Al

storage lemperalure range

lzad temperature (soldering 10 sec)

ESD (hurman body medsl)

Transistor count

125mA
DG

-40°C to +45°C
-65°C o +150°C

10000

Reliability Information

hp: & natianal com

Recormmendad gain range

Hotes:

+10 b +1,000W A

A 1009 tested at +25°C.

Package Thermal Resistance

Package Be B
AP TOCW 126°CA
AlE BECAN 46T
AZSB 45°CAN 135°CA
AJME TECW 18E°CAN
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CLC425 Typleal Performance (Tas25C, Ve ui5V,Rym28.10, Rmiood, R =180, unisan noted)
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CLC4235 Typlcal Performance (T.s25'C, V=iV, Ryn26. 10, Rmi900, Ry= 100, uniess noted)
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G.8. Especificaciones comparadores LM239 de National

Semiconductor
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r March 2004
National =
Semiconductor
Low Power Low Offset Voltage Quad Comparators
General Description Features
The LM138 seriss consists of four indspendent precision ™ Wide supply voltage range
voliage comparators with an offsst woltage specification as & LM139%/130A Series 210 36 Ve or £1 to 218 Ve
low as 2 mV max for all four comparators. These were = LM2901: 2 to 36 Wpe or 1 to 18 Ve
designed specilically to operate from a single power supply & | pazoz: 2o 28 Ve or 1 to £14 Ve
over @ wide range of voltages. Oparation from split power g Vary low supply current drain (0.8 mA) — independent

supplies i also possible and the low power supply current

f by wlt
drain is independent of the magnituds of the power supply o1 Bupply valiags

voltage. These comparators also have a unique characteris- : II:E:: ::PE: Emtngcjl:;::?l. fg :i
tic in that the input common-mods voltage range includes P ’

ground, even though operated from a single power supply ™ Cffsst voltage: 3 my
vaoltage. B Input common-mads voltags rangs includes GHND
Application arsas includa limit comparatars, simple anakgte ™ Diftersntial input voltage range equal to the power

digital converters; pulse, squarewave and time delay gen- supply voliags

erators; wide range VOO; MOS clock fimers; multivibrators ~ ® Low output saturation voltage: ZE0mV at 4 mA

and high voltage digital logic gates. The LM129 series was @ Oulput voltage compatible with TTL, DTL, ECL, MOS
designed to directly intarface with TTL and CMOS. When and CMOS logic systems

oparatad from both plus and minus power supplies | they will

directly interface with MOS logic— where the low power Aduantageg

drain of the LM239 is a distinct advantage over standard

comparators, High pracision comparators

Reduced Vgg drift over temparatune
Eliminates need for dual supplies

Allows sensing near GND

Compatible with all forms of logic

Power drain suitable for batteny oparation

One-Shot Multivibrator with Input
Lock Out

siojededwod penp abejjop 189S0 Mo Jamod Mo ZOEENT/H06ZINT/6EEINT/6EZINT/GE LN
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468 Especificaciones componentes electréonicos

Absolute Maximum Flatlngs iMote 10) Distributars for availability and specifications.

 Military'Azrospace specified devices are required,
please contact the National Semiconductor Sales Cffice/

LA 30/LM230/L 339
LM 38A/LM230AL M3Z0A L3302
Lmzao
Supply Voltags, W A8 Wpe or 218 Vi 28 Vo or 214 Wi
Differential Input Voltage (Mote 8) 36 Ve 28 Vo

LI 3%/L N2 38/L M33S/LM250 1/LM3302

Input Valtage 0.3 Ve o +26 Vi =03 Voo to +28 Vi
Input Current (i <-0.2 Ve,

{Note 3) 50 mA EO maA
Powar Dissipation (Mote 1)

Malded DIP 1050 mW 1050 mW

Cavity DIP 1190 mW

Srmall Dulling Package TEO mWW
Cutput Short-Circuit to GMD,

{Note 2) Continuous Continuous
Storage Temparature Rangs —65°C to +150°C —BE'C to +150°C
Lead Tamparaturs

{Saldering, 10 seconds) 280°C 280°C
Cpearating Temperature Ranges =40°C to +B5'C

LW330/ 03304 0Cto +7T0°C

L2308/ M2354 -25°C to +85°C

Lkzaom -40°C to +85°C

Lk 13801354 -85 Cto +125°C
Saldering Infarmation

Dual-In-Line Packags

Soldering (10 seconds) 260°C 280°C

Srmall Cutling Package

‘apor Phasse (80 ssconds) 215°C 2ME5C
Infrared (15 ssconds) 220°C 220°C

Ses AM-4E50 "Surface Mounting Methods and Their Effect on Product Reliability” for ather methods of
soldering surface mount devices.

ESD rating (1.5 k2 in s=riss with 100 pF) =ity BOOW
Electrical Characteristics
(V=5 Te = 28'C) unless otherwizse stated)
Parameter Conditions LI1394 LM2304A, LMI20A LK130 Units
Min Typ Max | Min  Typ  Max | Min Typ Nax
Input Offsst Vaoltage {Mate 9) 1.0 20 10 20 20 50 | mVpc
Input Bias Current Ipagey @1 gy with Qutput in 25 100 25 250 25 100 | nApc
Lin=ar Fangs, (Note 5), Vo0
Input Offset Currant gy =hrg e Mow=0V ~ 0 2k 5.0 0] 30 E2h nAnc
Input Commeon-Mode V=30 Vpe (LM3302, a V15| 0 V15| O V18] Voo
WVoltags Rangs W= B8 Vi) (Mote 6)
Supply Currant AL = == on all Comparatars, oa 20 o8 20 0.8 20 | mApnc
Ay = =, ¥ = 36V, 1.0 2% 1.0 25 | mApc
(LM3302, W+ = 28 V)
Voltage Gain A =16 kG, W= 16 Vi 5D 200 B0 200 B0 200 Wimy
Wi =1 Voo to 11 Ve
Largs Signal Vi = TTL Logie Swing, Veer = 200 00 300 ns
Rasponse Time 1.4 W, VaL = E Ve,

wivw.nalional com




G.8 Especificaciones comparadores LM239 de National Semiconductor 469

Electrical Characteristics (continusd

(V=5 Ve, Ty = 28°C| unless othemwise statad)

Parameter Conditions L1304 LM2304, LM320A L1328 Units
Kin Typ Max | Min Typ Max | Min Typ Max
R =51 ki
FReasponse Time Wi = 5V, AL =51 ki, 1.3 1.2 1.3 TS
(Mate T)
Oulput Sink Currant Wingoy =1 Voo, Vi =0, 6.0 16 BED 18 B0 186 mApR:
Wo 21.5 Ve
Saturation Vaoltags Wirgoy =1 Voo Viny =0, 250 400 250 400 2E0 400 | mVpe
lepa = 4 mA
Cuiput Leakage Virgy =1 Voo Vi = 0. 01 oA 0.1 népe
Currant Wo =5 Vo
Electrical Characteristics
(W =B Ve, Ta = 25°C, unless otherwise siated)
Parameter Conditions L2234, LM33a Li2901 L3302 Units
Min  Typ Max | Min Typ Max | Min Typ Max
Input Offsst Vollage (Mote 9) 20 5O 20 7.0 3 20 m e
Input Bias Current Ipjey 2 gy with Sutput in 25 250 25 2RO 25 BOD | nApc
Lin=ar Range, (Mot 5), V=00
Input Offset Current Dpapeg=hrg oy You = 0V 50 BO -1 50 3 100 | nApc
Input Commeon-Mode W= 30 Ve (LM3302, 4] W-1E8] O -1kl O V15| Vpe
Wallage Rangs W= BB V) (Mote B)
Supply Current Ry == on all Comparatars, 08 20 08 20 08 20 mape
R ==, W+ = 38V, 10 25 1.0 25 1.0 25 | mApc
(LM3302, V* = 28 V)
Vaoltage Gain A 215 ki, W* = 16 Ve B0 200 25 100 2 30 Wimv
Vo =1 Ve to 11 Ve
Large Signal Wi = TTL Logic Swing, Vier = 300 0o 300 ns
Responzs Time 14 Ve, Ve = 5 Ve,
Fp =51 ki,
Response Time W= 5V, AL =651 ki, 1.3 1.3 1.3 Hs
(Mate 7}
Output Sink Currant Wirng—= 1 Voo, Vinp = 0, 6.0 16 60 18 60 186 mApe
Vo 51.5 Ve
Saturation Valtage Virgy =1 Vo, Vingy =0, 260 400 260 400 280 RO | mVpe
lapi = 4 mA
Output Leakags Wirgsy =1 Voo Vi = 0, 01 01 04 nAnc
Currant Wo =5 Voo
Electrical Characteristics
(W = 5.0 Ve, (Mote 4))
Parameter Conditions L1384 LM2394A, LM330A L1138 Units
Min Typ Max | Min Typ  Max | Min Typ Max
Input Offsst Vollags {Note 9) 4.0 4.0 a0 [ mVpe
Input Offsst Current Dragey gy Yom = 0V 100 150 100 | nApe
Input Bias Currant lragey o gy n’ih Cutput in oo 400 300 | nApe
Linear Aanges, Vo = 0W (Mote 5)
Input Commen-Mode V=30 Vi (LM3302, a w20l o we-20] 0 W-2.0| Ve
Voltage Rangs W= 28 V) (Note 8)

wivw.national com
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470 Especificaciones componentes electréonicos

Electrical Characteristics (continued
(V* = 5.0 Vpe, (Mote 4))

o

=1

]

]

=

E Parameter Conditicns LI264 L2394, LM3294A L1389 LInits
-] Min Typ Max [ Min Typ  Max | Min Typ Max

5 Saturation Valtags Wing =1 Voo, Vg =0, T T0o TOO | MV e
g lapg: =4 mA

E Cutput Leakage Currant Wingy = 1 Voo, Vingy =0, 1.0 1.0 1.0 | pApc
g Vo = 30 Ve, (LM3302,

E Wi = 28 Vo)

= | Differential Input Voltags Keep all Vy's = 0 Voo (or V-, 36 36 36 Voo
= if used), (Mots B)

%]

=

—

Electrical Characteristics
{(W* = 5.0 Ve, (Mote 4))

Parameter Conditions L2235, L339 Li2a01 LM3302 Units
Min Ty Max [Min Typ Max |Min Typ Max

Input Cifset Voltags (Mote 8} a.0 a 15 40 | Mo

Input Cifset Currant hrage =gy Vo = 0V 150 50 200 300 | négs

Input Bias Currant hragey @0 gy with Cutput in 400 200 500 1000 | nAp-
Linear Rangs, Vo = 0V (Mote 5)

Input Common-Mode W= 30 Ve (LM3302, W+ = 28 Vo) Ve-2.0( 0 V20| 0 V20| Voo

Vaoltage Rarnge (Mot= B)

Saturation Voltage Vingy =1 Voo, Vi = 0, 700 400 700 700 | mYpno
lgiras = 4 MA

Cutput Leakage Current ".l'_m,:+:, =1 Wpe, Vi =0, 1.0 1.0 1.0 | pApc
Vo= 30 Ve, (LM3302, V o = 28 Vo)

Differential Input Voltags | Keep all Yey's 2 0 Ve for V-, e =1 36 == Yoo
if used), (Note B)

Mate= 1: Far gparating at high temparatoras, tha LMEESL N30, LS, L3202 must be dented based an a 1250 maxmem pndion temparahors ard a
thermal esistance of 85 CA which applics for the dovice sokdared in a printed circit baard, aparating in a sl sir ambicnt. The LMESS and L2 must bs demted
baszed an a 160 C maximum junclian termparabre. The kbw bias dissipation and tha “0N-0FF charscteristic of the aulpuls koeps tha chip dssipation very small
(P=100 milV), provided the cutpul ransislons ane alowsd o sslunats.

Mote 2: Shorl crouits Trom the cutput ta V* can cause excessie heating and evaniual desinetion. When considering shont cireuies to ground, the maximum culput
curant & approaimalaly 20 ma irdependant of the magnilude of V.

Mot 2: Thiz inpul cumant will anly axist when the vellage al any ol tha input loads i divan nagative. | is dua ba tha collector-bess junclion of the input PRP
transisiors bacoming lorwand biased and thereby acting as inpul dicde damps. I addiion to this dicde action, thera is also ltaal NP parasitic imnsisior adion
o tha IC chip. This ransisior action can causs tha culput vokages of the comparalon o go o tha Y vollage level (or 1o grourd for abirge cvardiive] for the time
duralion that aninput i driven regatie. This is nol desinclive and nomal oulpul stalas will re-establish whan the input vollage, which wars regalive, again relurns
1o a valua greater than —03 Ve (a1 25700,

Mot 4: Thasa specilications ara limibsd to E5'C 2 Ty 2 +425°C, Foar tha LMH23LMAZ2R. With the LEEZLWZZER, alltomperalurs spaciicalions ara limied 1o
250 2 Ty 240570, the LIVEIVLM3208 lempsmburs spechications ars limitsd o 00 2 Ty 2 470, ard the LM28M, LM3202 lamparaturs rargs is 400 =Ty
= +BEC.

Mate 5: Tha direction of tha inpul cumant is ool of tha |G dua 1o the PP rpul siage. This curent is essertially corslant, indepandant of 1ha stale of tha cutput so
e kasding change axsls ontha relarencs or inpul lines.

Mote &: The mpul comman-moda vollage or sither input signal voliage should nol bs alowed 1o go negativa by more than 0.2V Tha upper end of the commen-mods
woliage range is W 158 &t 25°C, but sither o both inpuls can go 1o 420 Vo oowithoul damage (28 for LM230Z), independant of the magnituda ol ',

Mate 7: Tha msponse time spachiod i s 100 ml npul step with 5 m cvardrive. Far lirger cvordrive signak 300 re can b chisined, sas hypical perlomance
charscteristios section.

Mote 8: Posilive sucursions of input vollage may excesd the powar supply level. fs long as tha other voliage ramains within the comman-mode ranga, the
comparalor wil provida a proper autpul slate. The bw inpul voliage state must nol be ks than -0.3 Ve for 0.3 Vpcbakow the magnitude o the negativa power
supply, if usad) (m 25°C).

Mot O: A cutpul swikch poirt, Vo= 1.4 Ve, Ry = 00 with W fram & Ve to 200 Vi ard aver the full input commen-made mnge (0 Vpg ta W A5 Vpg), at 28°C
Far LMZC2, W from & Vs 4o 28 Ve,

Mate 10: Ralar 1o RETS 12562 dar L 256 milkary spechications and 15 RETS 25K far LM1 38 miliary specilications.
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G.8 Especificaciones comparadores LM239 de National Semiconductor 471

s
z 5 ik =
Typical Performance Characteristics (misaimzast Mazs, L1394 M230A1Ma394, LM3302 =
Supply Current Input Current g
10 — L1 T 1 %
Ta = -55°C |' Wy i = Vg -
= i B 1 - Rusgeay = 10902 7] =
= 0B Ty = I'C e § =
: A | £ o
= T, = e25°C | = - Tar-BE e
E 0.6 & t E E ,_T—r— F_-..
= - £ g4y |-Ta=WC =
= Ta =+10°C 2 e
04 | i =3 = =
£ - g - 2
g 1 Ty = +I25°C = | : . o
0.2 i i T, =267 E T, =+25C =
| A = F T = 10°C — =
| | =1
/] L P
L] n m n L ] 10 0 k11 4
SUPPLY VOLTAGE {Wpe) Wt — SUPPLY VOLTAGE (Vo)
DOETTES [oaIeas
Responsa Time for Varous Input Overdrives
Cutput Saturation Voltags —Megative Transiticn
[ ] — : 6.0 M
i 1 1 ui 5.0 m¥ = INPUT OVERDRIVE
] outor || Jlf| | 2 s lT 111
= SATURATION - - LI
- =% - 20 m\+ i
2 10 - R 7 N == | = Al
= =_o 18 [N, i
5 7 5 M -]
s T, = {25°C /i’ E 100 :
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200 = :
oo al .0 1] 100 o oS 1.8 13 2.0
Ig — DUTPUT SINK CURRENT {ma) TIME {iasch
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Response Time for Various Input Owerdrives
—Positive Transition

u :: - INPUT OVERDRIVE = 100 mV
e PN L]l

22 o N say)

¥ 11 |

E 18 | v Fd (L
e w1 [
2= wmF [T
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472 Especificaciones componentes electréonicos

Typical Performance Characteristics Lmzao

o
o
£
o]
=
= Supply Current Input Current
=
2 " .
=] 1z |t - T, = 40C ————
b ..v"'"'r T 5 =
S 2 P o I
3 N A A 2 !
& E oL 2 et = To=07C
= - P P S '
& = 0 = = Taeie |
= I i A
< ] Vo < +B6°C L E Ta = +B5°C
= el il
| = (]
L] 1] n 1a an o 10 20 £l a
WV, SUPPLY VOLTAGE [Vgel VT SUPPLY VOLTAGE [Vpel
[me COEI0RAC
Response Time for Various Input Overdrives
Qutput Saturation Voltages —Negative Transition
i w77 Samy- INPUT OVERDRIVE
}H 2 50 - —+——
P 25 40 [2av i
2 ! e T Y - Wit T
= E= © ] | T P
= Ta = *B5°C E 2.0 — 1| R
= G |Tas 28 ] R L il
= L
E Ta= 0L £ 1 g
= = = a
E ol Ta=a0'C | éi -50 :
= %h 100 ] T Ta=28°C—
oo = | |
(1 LR 1 10 1. ] ps  wB 15 20
I, DUTPUT SINK CURRENT ma} TIME |sec)
QTR DXL

Response Time for Various Input Cyverdrives
—Positive Transition

:: T-{.FI.IT DVERDRIVE = 100 m¥

“ Py af'vf !

i I
:: 150 i
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Vg VI
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2t u ]—TI.-'-H‘I:—— [ 1
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G.8 Especificaciones comparadores LM239 de National Semiconductor

473

LA 3%/ M2 39 L M3 S IM200 1/ M3302

Connection Diagrams

Cual-In-Line Package
QUTPUT 3 SUTFUT & (3 1) NPT A INPET &- INPUT D INPUT 3-

RN (N S PR O P

_
pl

] ¥ ¥ L] 5 [] [
DUTFIT? DUTPUT 1 W INPUT B~ INFUT 1+ IWFUT §-  ORPUT 3+
TOF wiEw

DosToeE

Crder Number L1350, LM1390/883 (Mote 11), LM1394AJ,
LK1 30407883 (Note 12), LM239J, LMZ394J, LM339]
See NS Package Mumber J144
Crder Number LIM23SAM, LM332AMX, LI33IN, LM3Z0ME or LM2901M
See NS Package Number 144
Order Number LM339N, LM339AN, LM2901M or LI330EN
Sea NS Package Mumber N14&

DL"—'L'?:I“ - I.‘:llllLllPLll.'l
QUTPUT 1 i 1?:' QUTPLT 4
ve —] —
peut - o] LM138W | jpur 4+
KPUT 14 i bINPJTﬂ-
KPUT ?—:5 9:lINF"JT 3+
HPLUT 24 =:I 5I:INF‘JTJ

ooemERT
Crder Numbsar LM130AW/883 or LM130W/882 (Note 11)
See NS Package Number W14B,
LM13SAWGROMLY (Mote 13)
See NS Package Number WGE144A

Mate 41 Availabla per JMZEESADH 1204
Mote 12: fvmilable par SMDs 59622073901
Mote 12: Sea ST Il Dwg BSEZABE T2 for Radiation Tolerant Devica
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474 Especificaciones componentes electréonicos

Physical Dimensions inches (millimeters)
unless otherwize notad

r
=
e
Lad
=]
r
=
P
)
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v — =
1
m:ful nz20-0.118 @
B EIE- 74T =
=
Pl
S
Fl
=
1.300-0,320 wos e =
(13060128 IIFTIII:"I | oLass 1060 3,096 [EnE %
o ey e
: |55!1L*-" ERIAFL MAK g o000
T —— 8081 5]
572} !
aEw TR Y i -
18080012 '
| nana-nesn 012032305 AT |y
TaTA-10A1 {1 S l|e | AEE-RR
-?l-l-ﬂl MRAST <B07E] 13175 0
I —5.08
MAX BOTH ENDE - 0100 +501a ]
12,5480 - DL254] Eﬁﬂ_ﬂ'
M AVAS EE

Cerarmic Dual-In-Line Package (J)
Order Mumber LM133J, LIM1390883, L1304,
LIM139AAE3, LM2206), LM230A), L3356
NS Package Murmber J144

i
82361 bt a
5751 - £.15) m:
¥
Fa
LEAD WD, \
miNE U & + ¥
T
R0H s
P
0 159-0,187
| e ™
(LT - [
fizsa -as0m [(EL RS
B 8K TYF 4 04— 0.850
ALLLEAZE [T T
1 EEaTHE i s ¥
i — -1- FLAME T i i
¥ I
1008 - 1.81D Sma. D08 - 030 yp
|0.203 - 0. 234y ,._MU& 2] 6356 - 0598
TP ALL LEROS £ 004 J [T R ]
11 T¥F KL LERDS
ML LERS TIPS e

5.0. Package (M)
Crder Number LMI30AM, LM339AKMX, LM330M, LE230ONVY, LM29011 or LM2S0TMX
N5 Package Mumber M144
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476 Especificaciones componentes electréonicos

TYPES SNT4ZTY, SNT4LS2TBA, SM
! bt s By b

AEWSED QEGEWEEM {533

« Package Options Inclode Standard Plasiic ﬂﬁw_J PACKAGE
(M} and Caramio [J) 300-mii Dual-in-Ling - M PACKALE
Packages, Plastie Small Dutiine (D) and anﬁfﬁsw FACKADE

Ceramio Chip Carrier (FK} Package
= Daparsdable Taxss netruments Guoallty
an Nalinbiity

degoription

The 273 offors 4 basss 51 fip-flop leichin n dna
Th-pin, ¥O0-rmi peckage. Lisder coneentizngl g
go, the 5-F inpute s nomally held bgh When the
& input bs pulnc dow, the O culput will ba st bigh,
Wihan T b eidsed ircy Wi D il 8 Ba fERe e
fanraly, the S8 nputs should rot by saken e =
murireeously, Tha O culped vel ba unpradicras n
ikt LandTian,

LSRR EABLE
imach Ianch|

IMPUTH

-l o

= E T |
x-=.;=;§

-

= g b L= bl
(i = s il of O Bafnag ok ickwmd gt b
T iy pit s i sy iy, ey e o i i E i
b T B bbb P e
1 (o s il Coaee 5 inpoic

H = b B ks gl

L = pma s kol 5 mouy o

logic disgram
fixtcher 1 snd B limtzhan 2 ared 4]
] A—|
i!l— a - o
P 1§ —

FEOOUCRION EATA
I?q Hquwl.-q lﬁ- n.n-JJ;
P a8 Dk Fmi P iduta

TEXAS
shimiord vty evberbes fripricag oo INSTRUMENTS
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477

TYPES SNT42TY, SNTALS2THA, SNEAZTS, SNSILSITEA
GQUABRLUPLE 5-R LATCHES

sehwrnatics of inputs amd owtputs
‘ATRCIRCUITE

' ETUIYALENT OF LADSH INFIT

Ve -
A b SORE

N -

TYFIGAL OF ALL DUTPITE

am Vo
NEH B M

DUTHIT

e

LEITHA CIRCLITS

EGAITWVALENT OF ALE INPUTE

B LTS - g e 01 O
B P g s TR NOR

TYPRCAL OF AL DLITRIITR

ebgaluts ks jmum retings over aparating frss-air tempartune range {unloss otherwios noted)

Bepply woitage, Voo e Notw Th . Lo o e e
IAput voltige: 79 .., .., (R A e Pt i

[paraning fresai L alors facge: SHE TYPES ... .......

Brcirdge e iluie range . 3 o

MITE 1 Woliegs s are & th (E0EE [0 fod s b geoard jeerrisgi

Bl R
i s A
HOE e CHR R )

% ~BR'Cin 116°C

...... FCwile
» =G o 150G

Texas
INSTRUMENTS
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Especificaciones componentes electronicos

TYPES SNTLE279A, SNSALSITAA
QUADRUPLE 5-R LATOHES

recommended opersting canditlon
' Bonm | weieems T

= MIN NOM MAN | MEN NOM  MAN

Wi  Supply sahas 45 ] Bh | am 5 B L
Vig  Hil v’ e voliags ] El W
T s iy UE | v |
Wlﬁ-{ml Suivdnd T -0k mi |
bl Lo dwesl getjeil g * 2 i
ML T ] =
Ta Friide g —3a RG] 1] ] C

slacirieal charsctarintion over recommanded operating fmn-wir temparatuce range {unlese stharwise notad)

SREALETTIA, SRTALBITEA,
PARAMETER TEST cowmITIoNS ! | { iy
| hak YRl WA | Wi VR WaR |
Vi Wep = MK, = = 18 el = 1.8 =ik L
VB Vi © MR WL - lap*® = 04 ma A& x4 17 e ¥
Y = Mi Vi =2 W, = A ik bk B 0.2 na
L -"«"_E - m: [T e 'g*- Tk 3 = W
LG - N, =3V L] T
5 Voo MAE, Wieiy o 1] ma
“a Vo - MRy, Wy B = B
[y Voo T MAK, VA GAY — 63 —01 | mA |
Il Vs T WA =T - 100 | =20 =103 | s
i W v AR, Beerein 3 ia ? 13 T
e e L o T S - i s s il RN T i o
B AR Typiea e L e SR Y, T e BE R
et e LT —
MITE 2: ler O i il dnivh gl L A0 gedramiend, 51 5 ingats Gt 48 W, wead i geg par e
I_nn’rlnhlqﬂnmlm':ur?gﬂl 5V, Ta = 25°C (34 note 3
TROM o
FARAMETER i : e TEET SOMBITIONS MEN TER WAY | ukat
%— i L] H i "
| iy By = 2aj. 156 pF 11 il
T L.} a 13 T | ™

| s :
HOTE 1: Esa Curil s barrratns Sacru M iSed CoTats aod smlage waesinom.
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Especificaciones componentes electronicos

TYPES SN7474, SNTALGT4A, SNT45T4
SH54T4, SHSALSTAA, SHE4STH

DUAL D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOPS WITH PRESET AND CLEAR

FEVERED DECEMEER 1580

o Pacioge Optlens Include Stondacd Pleatic
- :H] m Ceramls [J) 300-mil Doml-In-Line
Packages, Plaatio Small Cuiline [O) and
Cemamic Chig Carrinr (FK) Pachags
. Dpp—-uﬂhT-ulhluurr-nuﬂnllwml:l

deeoription

Theee davices coflEf tso  Ddependess Dnvpe
pasiive-edge Uiglered fip-Hoos. A ey bl gt the
prekEl o Qe npuis eeis or rmais [ha culpsis
ragardiass of the levela of the ofsir npoti Whenh s
ared Shadr dng i the Trighd, date et tha O ingul meeding
1% BEEGG 1FTUE SRALIMANEE QI BanElATEd o me
Giiipurs on the postes-gong sige of 1he ook puise
Clook ifpgerng oooure m g voliage el and @ not
dirscsly meiited 1o e % Tme of the cleck puise
FﬂH‘r.I'I'I mln.iplllbn.-r_-nll thdlh“ﬁ!ﬂlﬁlbf
be change: wilhst SSecnng ha Bvald 51 e Salpots
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G.10 Especificaciones bascula D 74LS74 de Texas Instruments 481

TYPES SN74574, SNS45T4
DUAL D-TYPE POSITIVE-EDGE- TRIGGERED FLIP-FLOPS WITH PRESET AND CLEAR
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482 Especificaciones componentes electréonicos

TYPES SNT474, SNTALST4A, SNT4ST4
GNEATY, SNO4LET4A, SNS4STS
DUAL D-TYPE POSITIVE-EDGE- TRIGGERED FLIP-FLOPS WITH PRESET AND CLEAR
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G.10 Especificaciones bascula D 74LS74 de Texas Instruments 483

TYPES SNT4LST4A, SNS4LST4A
DUAL D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOPS WITH PRESET AND CLEAR
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484 Especificaciones componentes electréonicos

G.11. Especificaciones Amplificador TL0O82C de
SGS-THOMSON



G.11 Especificaciones Amplificador TL082C de SGS-THOMSON 485

Lyz SGS-THOMSON TLO082
Y ICROELECTRONICS TLO82A - TLO82B

GENERAL PURPOSE
DUAL J-FET OPERATIONAL AMPLIFIERS

LOWY POWER CONSUMPTION

WIDE COMMON-MODE (UP TO Voo') AND

DIFFERENTIAL WO LTAGE RANGE

n LOWINPUT BIAS AND OFFSET CURREMT

s OUTPUTSHORT-CIRCUIT PROTECTION

s HIGH INPUT IMPEDAMCE J-FET INPUT
STAGE

» INTERNAL FREQUENCY COMPENSATION

» LATCHUF FREE OFPERATION

» HIGH SLEW RATE : 168Wils (tvp)

M u}
DIP& 508
{Plastic Package) [Plastiz Micropsackage)
DESCRIPTION ORDER CODES
The TLO&Z, TLOBZ2A and TLOBZ2B are high spead T : Packane
J—FET input dual operational amplifiers incorparating Part Number Enﬁg?-.r;eure N gD
wel matched, high voltage J-FET and bipolartransis- —
torsin a monalithic integrated circuit. TLDE'Z"I""!:""BM _EEZE' +125:|: ) )
The devicesfeature high slew rates, low nputbiasand | | -oe AVEl G HNEC e e
offset curent, and low offsetvaltage temperaburs TLOR2C/ACIEC o°c, +70°C . = F
coafficient Examples : TLOB2CD, TLOAZIN |

PIN CONMECTIONS (top view)

—/

- Cutput 1

- Inwerting input 1

- Man-inverting input 1
- Ve

- Mon-inwerting input 2
- Inwerting input 2

- Culput 2

- Voo

]
1
L
==
00 = T3 0N Fe LD kD

April 1995 19




486 Especificaciones componentes electréonicos

TLOS82 - TLOB2A - TLOS2E

SCHEMATIC DIAGRAM

+
Yer T [ s ‘J s .
C C
Ty
P . 4
Han-invarling [ -
inpul K

e e R

™
7
=
| ]
1
=
[=]
]

] | Cutput

|3°" 1/2 TLOR2

I\
7]

o[ [

=1
&

10002
Voo T[] . . .
E
a
E
ABSOLUTE MAXIMUM RATINGS
Symbaol Parameter Valus Unit
Veo Supply Woltage - (note 1) +18 v
W Input Yoltage - (note 3) +15 v
il Differential Input Voltage - incte 2) +30 v
Piai Power Dissipation (== m
Cutput Short-circwit Duration - (nots 4) Infinite
Toper | Operating Free Air Tempsrature Rangs TLOR2C AC BC 0o 70 “C
TLOAZ ALBI =40 ta 105 d
TLOAZKLAM EM —EE 1o 125 5
Tuy | Shorage Temperature Rangs —E5 1o 150 To|&

Hotes: 1. lelﬁuﬂuﬂ E:u: | cifferential woltage:, are wih resped to thezsro relerance leesl (ground of the supply vokages whers the
zeromference level i |5 midpoinl betws=n Voo and Voo™

2. Diflzrzntial vollages are at the non-nverding nputlerminal with respect 1o the invering input lerminal.
3. The magniude ofthe input volage must never sxczed the magnilode of the :uppl',-m ear 15 vols, whichessr is less

4. The oulput mey be shoted o ground or to sither supdy. Temperiue: and forsupply vwolteges st b imibad o ensurs that the
dissipalion rling is not ewceeded.

214

L7 565 THOMSON
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TLO82 - TLOB2A - TLOB2B

ELECTRICAL CHARACTERISTICS

Woo =215V, Tamb = 25°C (unless othemnwise spacified)

TLOS21M, AL, AL
Symbol Parameter | AMBC.EILEM TLOB2C | Unit
Min. | Typ. | Max. | Min. | Typ. | Max.
Wia Input Offsst Valtage (Rs = S00Y) m
Tamn = 25°C 3 5 3 10
TLOZZBC BLEM 1 2
Tmin = Tame = Tmax. 7 13
TLOAZBC BLEM 5
O Input Offsst Valtags Crift 10 10 v c
I Input Offsst Current *
Tamn = 25 5 100 & 100 pA
T = Tamb = Tmax. 4 4 nA
e Input Bias Current *
amb = 20 | 200 20 | 400 pA
T = Tame = T, 20 20 nA,
Py Large Signal Woltage Gain (R = 2k, Vo, = £100) Wim
Tambn = 26 E0 | 200 25 | 200
| Tmin = Tame = Tmax., 25 18
VR Supply Vollage Rejeclion Ratio (Rs = B0 de
'qu = E“C a0 ai fil] A5
Tmn = Tamb = Tmox. B0 Fill]
ke Supply Current, per Amp, no Load m&
Tamn = 25°C 14 | 25 14 | 25
Tmn & Tamb = Tmox. 25 2.5
iem Input Cammon Mode Voltage Rangs +11 +11é.5 +11 +1125 W
CMR | Common Mode Rejection Ratia (s = 500) ' ' ' dB
Tamn = 25°C B0 | 88 ™o as
Tmin. £ Tamb = Tmax. BO 7o
los ut Shn:rt rouit Current mé
amb = 10 40 =] 10 40 &0
Tmin = Tirrb = Tmm. 10 B0 10 60
+\opp Cl.l‘t?ut Woltage Swin )
amb = 2 E"C ? R = 2kil 10 12 10 12
R = 10k 12 | 135 12 | 135
Tmin = Tamb = Tmax. RL= 2k 10 10
R = 10kiL 12 12
SR Slew Rate (Vp = 10V, Ry = 2k2, C = 100pF, Whie
| Tamn = 25°C, unity gain) g8 15 | g 16
t- Riz= Time [Vin = 20mY, Ry = 2k, C = 100pF, ns
| Tamp = 25, unity gain) 01 ] 0.1
Koy Cwershoot (Wi = 20mY, Ry = 2k(), C = 100pF, %
Tamn = 252, unity gain) 10 10
GEF | Gain Bandwidth Product (F = 100kHz, MHz
Tamn = 25°C, Win = 10mV, RL = 2kil, CL = 100pF ) 25 4 25 4
R Input Resistance 101 10'% i
THD Total Harmeonic Dighortion if = 1kHz Fop = 20dB, %
| R = 2kil, Cp = 100pF, Tamp = 2500 g = 2"-"PP:I | .01 0ot |
Equivalznt Input Moiss Voltage n’
B | {f= 1kHz, Fs = 1000 15 15 JHz
i&m | Phase Margin 45 | 45 | | Degress
WoiNoz | Channel Separation (A, = 100) | | 120 | 120 | | dE
* Theinputbiss cum=nis are jundion leskags curents which approsamalely double for every 10°C ncresse 0 ihe undion t=mperaturs.
Eh]

TR

i e

DEZ-DOTEL
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Especificaciones componentes electronicos

TLO82 - TLOA2A - TLOS2ZE

MAXIMUM PEAK-TO-PEAK OUTPUT
VOLTAGE VERSUS FREQUENCY

TITI T 171

MAXIMUM PEAK-TO-PEAK OUTPUT
VOLTAGE VERSUS FREQUENCY

] Rl ) Il R
B = [T amb = +25°Cf 7 26 Vo= H16Y Tamp = +267
E |||||| | st Figras E 1 sa Figurs 2
é - 20 g _ 20 fta W = £ 10W
= Won = 210V = . M
] IR Yol i ] m I
LT TN
EE " vog = s v N 30 " i \
: S S
= ] 1 1 1l LA ‘?‘.‘h. = 1] | LLHEE 0 || - 1 I
E 100 K 108 100K M 1M E 100 1K 10K 100K 1M 10M
FREQUEMCY [HE) B FREQUEMNCY [Hz) g
3 “
g :
MAXIMUM PEAK-TO-PEAK QUTPUT MAXIMUM PEAK-TO-PEAK QUTPUT
VOLTAGE VERSUS FREQUEMNCY VOLTAGE VERSWUS FREE AIR TEMP.
3“ =T m LI i T
E " Tarh =+:5-c.l L v, =+ 15V = 20 ’-|—__
= R, =2k 0 = 25 | ; TR LRt ey
é;‘ 20 b‘\ S;E'Flgui.? 1 1] E “"] e,
Qﬁg 15 [ i I ” |H I E§ “ —R, =10
En— \ Tame =-BFC EQ Bl vereR =20
1 [t
5 g 10 % E 10| Y
= : Tamn = +128C *-..__h- ™ E Voo = 21sy
= 0 Ak = 125 et U] = [ E.W.Fl-gurln 2 | | | |
E 10k 40k 100k 400k WM AWM 10M % "1s 50 25 0 28 S0 75 .50 12%
FREQUENCY (Hz) %‘ Z TEMPERATURE (") &
H

MAXIMUM PEAK-TCO-PEAK OUTPUT
VOLTAGE VERSUS LOAD RESISTANCE

MAXIMUM PEAK-TO-PEAK QUTPUT
VOLTAGE VERSUS SUPPLY VOLTAGE

5 T I - a0 :
£ o5 | Ves _,:EV z R, = 10 k2 e
3 Lty | [ L] 5 B Ty = 4250 /'
is 0 2 20
oo Jf w = ~
Bg 7 TR Pl
E § 10 / E E 10
= 4 < o
E 5 £= 5 1
=
s 0 5
o102 a4 or1 2z 4 T oD 5 0 2 | L3} 8 10 12 14 1G5
LOADRESISTANCE fk C) g = BUPPLY VOLTAGE (£V) i
k] 8
g g

48
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TLOS2 - TLOB2A - TLOBZB

INPUT BIAS CURRENT VERSUS
FREE AIR TEMPERATURE

FFUT B CLRRENT{nA)

&

LR

*] 25 &D

TEMPERATURE ")

TE 100

125

312-¥. PS5

LARGE SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION AND PHASE
SHIFT VERSUS FREQUENCY

1P

1ot
108
1

DIFFERENTIAL WILTASE
AMPLIFICATION (WA

1

105 .——-l—..\

TRy = 3

N

N

Voo = BV o +15Y

| Tomiy =+26°C
DIFFERENTIAL
WOLTACE

AMPLIFICATION ]
{left scak]

o
45
an

1 PHASE EHIFT
i’ — (nght scale)

10

N

S\

135

|
10 1k

FRECUENGCY {Hz)

NN

180

10k 100K AW 100

01125

SUPPLY CURRENT PER AMPLIFIER
VERSWS FREE AIR TEMPERATURE

20

148
16

"-I-b-‘-‘-

14
12

—

"'\-.__-_h-_

T
Vap = 216V 4
Hi signal
He b

1.0
]

uls}

a4
az

SLFFLY CLRRENT jm)

0

-7

E 5D

=D

o5 &0
TEMPERATURE"C)

Thoo100 125

-4EPS

.ﬁ' ﬁﬁ& -THOMSON

LIS

LARGE SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION VERSUS
FREE AIR TEMPERATURE

000 —_— - -
100 —H— —
_ 200
g g o _--""‘"—q
£EF 40
d -
E g iz b Ve = E1sv
= T 4 E¥g=Hov
E Ed z [R =10 -
175 A0 2 0 25 = TE 00 135
TEMPERATURE [T} E
B
TOTAL POWER DISSIPATION VERSUS
FREE AIR TEMPERATURE
=L
3 b Vo =1
E 200 Nozignal
g 175 Ho kead
= 15
oL
m 125
m
i 100 =
ﬁ L e — e
B 50
; bl
5 : o
= JE B0 B 0 B OB TH 100 135
TEMPERATURE [T} g
]
SUPPLY CURRENT PER AMPLIFIER
VERSUS SUPPLY VOLTAGE
20 - .
= 1.8 [ Tomp = +25°C
E* 1.6 [ Mo signal
= 1.4 LMo load
£
o .
%I- 0a
5 o
a2
4]
4 & 8 10 12 14 16,
SUPPLY WOLTAGE [ W) E
B
58
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TLOS82 - TLOB2A - TLOB2B

COMMOMN MODE REJECTION RATIC VOLTAGE FOLLOWER LARGE SIGNAL
VERSUS FREE AIR TEMPERATURE PULSE RESPONSE
S m ol I v
z _ _:. = 11 kil 4 f : /‘:':FF!F'&
E = 15V 5 : :
o - = 2 x | ;\
g = : INFUT § \\
W= - T s o : | :
o2 Fa 5 [ ! "
=g g ) tf Vo= sy oA
ﬁ 3 =n z Ry = 2kL} H \
= B4 = 4 Cp =100 :
] £ T = 425°C 3.0\
F - = A PR |
g 5 80 36 0 35 B) TS 00 128 o 05 1 15 2 25 3 35
TEMFERATURE {"C) B8 TIME jpi5) g
2 =
] B
OUTPUT VOLTAGE VERSUS EQUIVALENT INPUT NOISE VOLTAGE
ELAPSED TIME VERSUS FREQUENCY
28
24 I o T 1T
E’ a0 ORI T w 11 o 2::'-1?5".
£ . e
b j iw 50 1T Ry =100 £
2 16 I = E an T
5 12 ] E z 5
e 1 E4 = S
= ] Vo =s15Y & &
= a coc n 27 E 1
= ™ ] R =2kid B .
== emod G
-4 r | ! o
o 01 02 03 04 06 OB 07 10 40 100 400 1k 4k 10K 40K 100K
2 FREQUEMCY [He B
TIME [p&] E; e 3
g g
TOTAL HARMONIC DISTORTION VERSUS
FREQUENCY
1
= _I"'I"drﬂ‘:= gy
g B Cagrat
& 1 Ve PV
P Eratie:
u & 1
=
g oo
g =
B 0.004
=
=i 0.001 I
0o am 1k 4k 0k 40k 00K
FRECLENCY {Hz]

21 kPS5

&
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TLO82 - TLOB2A - TLOBZB

PACKAGE MECHANICAL DATA
g PINS - PLASTIC DIF

PUOPE RS

—
g 5
1 4
[ N I
Dimansions Millimeters Inches
Idlin. Typ. Max Kin. Typ. Max.
A 3.22 013
al 0.51 0.020
B 1.15 1.65 0.045 0.065
b 0.356 0.55 0.014 0.022
=] 0.204 0.304 0.008 0.0z
1] 10.92 0430
E 7.05 0.75 0.212 0.384
] 2.54 0.100
3 7.62 0.300
a4 7.62 0.300
F B.6 0260
i £.08 0.200
L 3.18 3 0.125 0.150
z 1.52 0.060
am

E %EIS-TH1 g (e

CPETHL
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Apéndice H

Vistas de los montajes del

Subsistema Electronico



Vistas de los montajes del Subsistema Electrénico
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Figura H.1 Vistas del montaje del procesador de senal
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Figura H.2 Vistas del montaje del amplificador ajustable del procesador
de senal
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Figura H.3 Vistas del montaje del procesador de pedestal



