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Video and Audio Signal Transmission Via The Optical Fiber Cable
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Abstract

This project presents the transmission of video and audio signal via the optical fiber. The audio
signal is transmitted in broadband frequency and the video signal is transmitted in baseband frequency.
The signal are multiplexed by frequency (FDM) then the composite signals are converted from electrical
signal to light signal and transmitted through the optical fiber. After that, the receiver converts the light

signal to electrical signal and the electrical signal is convert to video and audio signal again.
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2.3 MINDQIANIFIYN
' v
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Y_ o y A seto Y 1y Yt &
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d(t) = A, cos(w +0) (2.9)
° i 9 U o [ Y ° Y
msvldm 0 mu (2.9 wlsfumuavinavosdayanuings m@o 14 wildsld

Tyanuison dyyInusaaBeyy (Angle Modulated Signal) 0NN
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aulndal B mwaunis (29) wsdiveiendt mla vosnAugylanl ¢ e Tavinadis
Suilnfudayaa cos(o.t) dniudiiingiild 0 wlsfumwar me 18 nanfe

Op= kpm(t) (2.10)
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dt
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d' = P v ' a a 0 v Ia @
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1 A
NA1IND

Ao, () = k.m(t) (2.14)
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m(t) = a cos(®t) (2.17)
b4 g i ' ' 1
Tunsditl m@) szl i mnuddvazves o) Wasuluanainiug o, dmldnn
A
aums (2.14 ) Ao
Ao (t) = ak, cos(® 1) (2.18)
11199910 71 |cos(o, 0] Taunniiqade 1 Fuiummsdisuuuveannudnm o_mndigano
110 A TMAWANIT (2.19)
Aw = ak, (2.19)
1 Ao UNYRE8AT AMIDIT0UUUFIEA (Peak Frequency Deviation) A1AuD v
= = S~
o,() ¥93 ¢(t) NIala q azlianily
O,(t) = ® +A® cos(®_t) (2.20)

Taoureruns (2.17) unulueums (2.16) UAZINIAUNT (2.19) wld

Opagl® = A_cos {0 t+ 2 sin(@_ 1)}

m

=A_cos {t+ Bsin(@ 0} (2.21)
Taoluidlgmmuali
A2y (2.22)
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dmfulunsainl B Tandos ansafitzaszaewatinavnfievesaums 2.21) 181as
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@ ¢ y o o
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. ; Re A 4
Gp() = A _cos (0.1)- A_P sin(o,, 1) sin (0 ) - — [3zsm2(0)m t) cos () +...
2

Tunsdin B Twdoe wimusafvzdannindar B Mdagegaegoen’d 1 ¢, 1) Adga
wa 1 Y ° J @ < 4

avlidutozgnimuaiionn dygnameviBunuudiny (Narrow Band FM) Fa@ouumudae
o & y
DypmgD) AU 1A

Onpen(t) = A cos (@) - A_B sin(o, t) sin (@ ) (2.23)

A qu o o & . 1 W o v
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M3 (2.23) vz IndagiaumsInylddsil fe
AP
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2

cos{(coC + Ot } (2.24)
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a(t) = Im(t)dt T_ Acsin(@ct) HuuaALAY
k12
2
B>
A ¢ cos ((D s t)
Y 9 [ J
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' v oW Jda o o A
IAUALHDUAIANYO IR HIDULUULALAD

BW ~ 20 s B Anlow (2.34)

m

mulnasuvosdyaanerioy muaums 2.31) Tunsdii B i q duaaalugald 2.20



31

p=1 o
| 9 A
®c Mc
MA® < Ao ¥
l ll I' -
.|lH L st UL
Mc
HACO*A@H
H |H| Hl el Hh.,w
®c - ¢ Om
K Ao >« Ao
m Fmanuiidouvigage Ao adl (@) WA 31ud Om aaf

= o a9 o g & Y o ¢
117 220 anlnafumiaruvesdyananelion Saeqaadiodygnag e

& ia o o g o o o ¢
Woagdgas Tumsmuuuadavivesdygnoneridy  dwmSuniseqiaadannugyland
' [ v
ANUAAEY UToNHENEINAUI TnULegIaTy (Tone Modulation) 114 1581 (JR Carson)&iavue
4
qATNINMILTEauHmIUATaIMS (233) Lz (2.34) Tugilaeliil e
W = 2A0+0 ) (2.35)
= [} o
nioWouTugd i 1diiu
BW ~ 20, (B+1) (2.36)
Yo o o A J o [ S o o
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¥ 1 1] Il
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AonldnamuFmaosiues BC 548 (Q1) Mg miuiy nudamasiues 2N2222 (Q2)
Tavmseenuuy 1z linsndamesiauuiesvoisand A fmuald v, =2V, Ie, = 100 mA,
V., = Y2 Vee, V,~1/10 Vec tazg 1A I ~ 1,

msoenuulasiies LED

R, * Ry, =(Vee -V, -V )/ 1,=22 Q

CE2

R,=82Q
R, =15Q



© +83V

ean
e 4
=0
Lo
~
Za)
>
p2
o)
Lo
=)
an
A
RO,
e
)
[«
Ao

mseenuuuivivies
Vo=V, 4 Vg =153V
L=Ix+ I,
I,= 500 uA
I =35mA
R, = (Veo— Vg, =V, ) 11, =680 Q2
R, = (Vg + Vi) /101, =6.2kQ
Ry =V o=V ) A 11, =15 kO

v ldsvs Tdaudsga 3.5

® c

¢ o +9V
MFOE110 10
15KQ 680 Q \\I,\:‘ uF

150
Vin o——) ’—<—é> BC 548
|

10 uF

2N 2222
2Q

l
6.2K Q %560 o) 8.

U1 3.5 ugnnwsiiesiay lasies LED
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3.2 M39AUULATUSD

3.2.1 M300AIULIIDIAMAIADS (Detector Circuit)

Jwsamamessutaiu 2 @ Aerwsimihiasdanauaadudoana b
(Optical to Electrical Converter :0/E Circuit) uammsﬂ‘%‘uauﬂﬁ‘lwma{ (Pre-amplifier) c‘éw:ﬁsw
azdonlunsazdiudad

3.2.1.1 23993 O/E

11058191 1n Amameslalon (Photo Detector Diode) ifudaimiiiin/aoudayananas
Wudayananih c‘?aﬁﬂmanﬁﬁﬁﬁwﬁmﬁqﬁ

fmualiisagu s (Reverse biasy ualnTalaloaniiy 12 Taav ielineuduas
ANME veauus3an 20 MHz

wldm R, =/QTEC,) =33k

-0 + Vce

NN

MFOD 1100 Vout

31071 3.6 uransAmmmesiaz s i noudivions

3.2.1.2 299505 ueada oo’

Foygaiildnnens o ﬁmumx%nmﬂﬁaﬁ'mﬁwmimenUﬁmmﬂm”lﬁ'ﬁmﬁamnﬁu%uwﬁa
aou Taoldmsudamotiues 25C 2671 (Q1) HagNIWUFAABSILBS 2SC 1906 (Q2) VWIWUULANHID
Lﬁa"laﬂﬁﬁﬂmsﬁmﬁﬂmmﬁmmum dmsunvazBoalumsinnuiidad

TaolHsasImsvenouaaz MAMIAY 5 111

NNYAT Av=RJ/ (R, + re)

Anuali 1= 1875mA, B1=40,F2=100, Vec =12V

w18 R,=270Q R, =50Q

R, =47k R,=750Q
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Nx

MFOD 1100

27C__“.__

0.01 uF

0.01u 10 uF
2N1906

50

i R "
317 3.7 uanassamamesuazaensSuenda Iioes Nl

3.2.2 2905 vENET I

b4
A Y

1 ¥ ° o [ 4 o [ a 4
2sautlaziinisvedyaiamdsninaiinsvoedyyradosduninn g anes
4 a1 P g
uaa 1Atanuusunwvy Tagldoodiouilives LM359

TauMYUABAT 1VEWNIAY 10 (N1 Iset = 0.5 mA

V=2V,
Broie \b 7 BBy NI N O
Iset

R1 =750 Q
AV =10

R2=10R1 =7.5kQ

V—V,
Ro= ——BE 4010
Iin
75K
0.01 uF M
R20+ 12V
From R1
6
@—DZ—'\N\ >~
Pre-Amp \Y
100uF 750 LM 359 2 b_Oout
Rb 7 1
+ 2 vo—AMWA——+ 1713 -
2K Rset

711 3.8 nanRs VI ARy QI
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3.2.3 2993N509ANNARIHIUIAZ DT VNS TEYYIUNIN
L # ’ ; Jqaq ¥
TumseonIUUIRI NI eI NN ad I Ieetuentiues LM359 Fuilueeduenilnly
o/ 5 o { '5' ) 9}
Tumsversdyananv Gaasimrhindunsnsasesnnuddwiulddae

Taomssmuannuddnesi 1daina1 R uag Cf 1ions50101ANAVBITY AU INBBNN
o $o & g a @
fMuanNURGIiIUgIga 5 MHz Fuiluanuduoadya iunw

1% Cf=1pF fc=5MHz

S
© 2TUfeCE

Av=10

Rf =318 kQ~30kQ

Rs=3.18 kQ~3 kQ

0.01lup Rs Video Out

From Gain 10uF 3K
State Rb

517 3.9 1HA2493ATOININDAMAS VI TYYIUAIN

2y

3.2.4 M30ONUVUINDINTBEIUANNANIYU (Band pass filter)
%) ] A s . ) we il
Tulnsenudivzeanuuy Taoldiaiinlanes (Ceramic Filter) Falinmauiiaiilu Resonator
=t 9 = 4 1 :«l A v \Ilsl A =
feeulinnyds Tauuus whriuaniuaiull1d Tavvzeonuuy 2 1395 Av AWD 5.5MHz ag

10.7MHz $1a31/#1 3.10 1Az 3.11 a1ud 19y

0.01pF 0.01uF
1w O % _l_ _I_ = O or

10k 0 10k

5.5MHz

51/ 3.10 4AAIIDINTDIGIUANND 5.5MHz H1U
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0.01uF 0.01 pF
|
p O [ lJ_ ‘b__—' O/P
10k Q 10k Q
Iz
10.7MHz

3U7 3.11 18A9I995NTDIGIUANND 10.7MHz HIU
1 Y 1 = Aa J A o [ [ Y ~
AennuAumuUmIAhyme kQ it Tvanhduyniaze1iyn esnyszAudygyuling

32.5 ﬂ]iaaﬂllﬂu’l\i‘ﬂiﬂlﬂ]ﬂﬂj’]ﬂa%ﬂq (RF Amplifier)
o An ¥ d a a ' 2 o g Y =
ﬂfUuﬂJu']m'V]Ulﬂi]']ﬂl't’)’W]‘VX‘ﬂsUﬂ\ncIfi']llﬂ‘Nﬁlm@i ﬂggﬂﬁﬂﬂﬂuaqqﬂﬂjﬂ InTuaoImMsveny
o ] a 4 g Yo = = = o = v
iLJflul’lmiﬂﬂclﬁlf']\jﬂimﬂ'lﬂﬂ'nnﬂﬁﬂq l‘Wﬂﬁl‘Hﬁigﬂlﬂﬂmﬂ’.nmLNL‘WEN‘W’Em‘ﬂxmmiﬂm)@mﬂllﬂ
g a [~ aa LAl
fni't’)@ﬂlluU')Q%i%ﬁil%ﬂiWN‘ﬁﬁlﬂ@; !'U@{ BC 548A AT UINRTVN UV UDUANDTTIN

(Common Emitter)

+VCC
RFC
RIS o
—e—COor
1P O}
cl Ql 4
R2 % R3 =
R4
Ic3

51/%1 3.12 1AA9INT AUV VB INDTVIIBA NN INY

wmseonuuulaeli Vee =5V, Vv, =07V, B =110, R, = 1kQ, RFC = 1.2 mH 1oz

BEon
Ic = 8.89 mA 9219
R1=1427kQ R2 = 1.48 kO

R3=10C2 R4=44Q
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k4
a a a LY v
Tumseenuuviusenliinnuianaamanentdgald duin ansaeenuuuliiaesi

@ % a L= v A Y v Y
8031901094 9 laslannudamesiiosdufod miadas1ves laeld T-Parameter 1@vnaums
_ —BrLir2mi)

(Tt + (B + DRE]

Av

wlddasvnelszina 70 i1 g1hsesiesnuuy’ll neasdagin 3.12

+5V

1.2mH

0.01 i F
22k 0 ——e—Cor

to Demodulator

I
I O——| BC 548A
from ceramic filter  0.01pF
e % 1kQ
1kQ

13.0056 JF

717 3.13 1AV NUDINGAINRB UL

3.2.6 mieammmammﬂse‘iuﬁua@mme{ (FM Demodulator)
lumsAneqrandynin FM vouduslulasanniioy1dhans phase locked loop 9OALLUY
Tavld 108 wosifivariufilueqandaanaudus (wes NE 564)
Fuaeuumsfnamai Co uazmsfnuant aonemousulsuegaadyg
Fos udvzddfuandiatu fie
1) flousunnidiiion 6 Fufluvduwnvessesainmes (imien Taoflasim
AUy YA 0.01uF
2) ABY1 3 (BUWNVDA Phase comparator) 1AV 9 (191919 NUDI VCO) LAz 101%
Wn venTiun 14

sihsasheonuuuliuansdiag i 3.14
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amgfdailnssa msdsdyanunwuazidoaiiudulouds (VIDEO AND AUDIO
SIGNAL TRANSMISSION VIA THE OPTICAL FIBER CABLE) ¥pupunszamyanan ifmeii
uazs1Tnmdaae 1T
av oo ¢ a2 Hq v v o o
1) WAL eATUN Naeuun 0191565 ne Iassnu dlnanuguazduuzii
¢ o JHQ YqYY A o <
2) 919138 gawa Yyiuns Nl ldveuneiimsnaasslassanui
3) AuzewsinmaImInsanuiny auzdmnssumans ao1iumaluladwszeemnd

v ™ ' 4 yq ¥ v
Lﬂ1ﬂmﬂﬁ15a’]ﬂﬂ33ﬂqnﬂﬂ1u w%iwmmgmaam’sm
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+5V
+5V
10kQ
2k
o 2 |1 |10
 001yF
i O—| e
1ko .

0.01uF

I NE 564

39pF

39pF

o < A 4
717 3.14_nganseH0UANDYIAINDI

3.2.7 M300NIUVIND5 VBT QYR 104TE (Audio preamplifier)

o AR ~ Y A5/ Y o Yt
ﬁﬂJ@1@!%"[91%1ﬂﬂ'liﬂﬂﬂlaﬂﬂZMﬂ'J'lllu‘Nuﬂﬂiﬂﬂ ﬂQuuﬂ%@]ﬂQﬂWﬂ?iﬂlﬂ’lUiﬂNﬂ'ﬂl!uiﬁiﬂﬂ

& = s g 'Y a o Y o o
VU Gl%lvlﬂclf 193 LF 353 a0nliUy lﬂuaaﬂimﬂ]ULlUUﬂaUlwﬂ TﬂUuﬂﬂﬁ]‘UﬂWU“’nﬂ‘U 10 1M ﬂqzﬂ'ﬂ

k) &

1ko
I/P

from demodulator

O aubioop

10pF

P o/ =)
gﬂ“ﬂ 3.15 HEANVITVYIUAYYIULNUY
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NInNaaodUazHan1INaaoy

=
unn 4

L 4 ¥V
TUUNTIZHAAINIHANTNABBIVDIIDT TUNIAAII wamegudaazmeausulasozin

v @ Hy v dy v y o g . <
msiadanuild a1naesildesnunyls nanadsndonaozunsy (Block Diagram) 31 4.1 iaz

4.2 U1

AUDIO(L)
DIFFERENTIAL AUDIO FREQUENCY
O—> >
AMPLIFIER MODULATOR
ELECTRICAL TO
—0
OPTICAL CONVERTER To
AUDIO(R) g
DIFFERENTIAL AUDIO \ FREQUENCY Optical
AMPLIFIER MODULATOR Fiber
Cable
COMPOSITE
VIDEO
O
P d ul Y '
E‘L“V] 4.1 UAA9UADN IADTLUNTUVDIATUT
OPTICAL TO
WIDE BAND LOW PASS VIDEO

F
°MO—>»| ELECTRICAL |

—CO VIDEO OUTPUT

Optical PREAMPLIFIER FILTER SMHz AMPLIFIER
CONVERTER
Fiber J
Cable
BAND PASS RF DEMODULATOR AUDIO
— >
FILTER 5.5MHz AMPLIFIER 5.5MHz AMPLIFIER
BAND PASS
RF DEMODULATOR AUDIO
> FILTER >
AMPLIFIER 10.7MHz AMPLIFIER
10.7MHz

3

1

a =4 Yy o
n4.2 llﬁﬂQ‘UﬁﬂﬂhlﬂﬂzlmiNﬂ]ﬂﬂﬂ]ui‘ﬂ

—CO AUDIO(L) OUTPUT

—O AUDIO(R) OUTPUT
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4.1 WANISNAABINIIAIHA

o 3 =)

1 adyanandusiitouliduwn vearresvnoanuuanalveuios drvevadalaalny

]
o =

o o Ao @ J 1
aﬂymmmammmm&ﬂﬁ noreanagy 4.3 ua:atymum‘w"lv?{mammwmm’mﬂwmaﬂmmmama

oo L

o o
YDUT W2UAAINIFUN 4.4

Tek STIE 100kS/s 43 Acqs
p I = o 1
i U M J
Ch1 Freq
1.002kHz
Ch1 Pk-Pk
204myv
SOmV i 'M'SEOOHSE'Ch'l"J” —
;. 26 Mar 2002
06:48:26

311 4.3 uaasdyaunamantouliauyn verwsvseauIANMBUTE

]

Tek SETH 100kS/s 144 Acas
b I

I
U

Ch1 Freq
996.7 Hz

Ch1 Pk-Pk
712mv

Ch2 Freq
1.003kH2z

Ch2 Pk-Pk
712mv

IR 200mV

26 Mar 2002
16:09:53

d' o Ay v [ 1 a
51/ 4.4 neasdygnai lAmue Yo Rs VIR NUIANA1VB AT



2 Jadygramusiynyensasuegaanianud diedlildtoudyaud

v a o o Ao yy o
awooadalaalny dnvuzvesdyauiniala uaasdegil 4.5 uaz 4.6

Tek SR 500MS/s 794 Acqs
. % of

Ch1 Freq
5.504MHz

Ch1 Pk-Pk
130.4mv

M T00Rs ChT o 21.2mV

26 Mar 2002
07:14:07

@
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unn 9114

q

= o 7 Sda s A Y %
Eﬂ‘ﬂ 4.5 Llﬁﬂﬂﬁiyﬂg'lmﬂ'lﬁla'I'VW!'V]‘U@\TNﬂiu@ﬂlﬁﬁV]"Nﬂ']']lJﬂV]lJﬂ'ﬂlmﬂauWTﬂL'ﬂ’]ﬂﬂ 5.5 MHz

ioda i ldtoudunm

Tek HITE 1GS/s 839 Acqs
B d

Ch1 Freq
10.7MH2

Ch1 Pk-Pk
92.8mV

26 Mar 2002
07:11:29

51 4.6 uanaFyaIUNIAINYNIBNINTVBYEANIIANUARTIANUTATUIHINA

MmNy 10.7 MHz

iedalildfloudumm
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v o s { A o a Y] v
3. 'Jﬂﬁm}q}lﬁuﬂﬂtﬂ'ﬁ’l?!ﬂil@i@%ﬁMaﬂlaﬂ‘i’lNﬂ?]nﬁLﬁﬂﬂ@ﬂ aumunmauwmﬂn'lﬂ Y DO

q

Falaalnl dnvazvosdymuuaaiaglin 4.7 uas 4.8

Tek HXTH 200kS/s 184 Acqgs
i T

I
13

——

Ch1 Freq
1kHz
Low signal
amplitude

Ch1 Pk-Pk
212my

Ch2 Freq
53.74kHz
Low res

Ch2 Pk-Pk
226mv

E[T T00mY ChzS0mY. M 25008

26 Mar 2002
14:37:54

=h.
==h
)
o)
=
=
.
)]
()%
=
3
-
¢
=
5

(J
=
b
W
=<
jas!
N

5114.7 UEAIdYAIAUMUDINNTDIIWINOYAANINLD

3 o a I~ o
diofleudaanadunwniudyginland 1 KHz

32 Acgs
F

I.
%

Tek HITE 200ks/s

Ch1 Freq
995 Hz
Low signal
amplitude

1 cht pk-pPk
212my

Ch2 Freq
31.97kH2z
Low res

Ch2 Pk-Pk
178mv

W T00myChzS0mvV M 2308

26 Mar 2002
14:42:02

J

51l 4.8 wansdygnamueiymeeTNegaANIANANTANLDARUN IR 10.7 MHZ

o

ch2yiledeudaanadunwninudygalnd 1 KHz (Ch1)
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4 Sadyanaudvsiduynvonssudyann  daveeadalaa Inldnunzdygiuuan

1331091 4.9

Tek ET5H S00MS/s 29 Acqgs
F

I
U

Ch1 Freq
S5.51MHz
Low signal
amplitude

Ch1 Pk-Pk
106mv

Ch2 Freq
. . £ . 3 : . 10.7SMH2

Ch2 Pk-Pk
108mv

@I S0mV ChZ30mv WM 100Rs CR1 7 —TmV
26 Mar 2002
14:21:10

11 4.9 uaaadygaFuIIBUINYD9TIIMAYY U5 SMHZ(Ch 1Az 10.7 MHz(Ch2)

v o 7 o A

5 dadaanauman iy mdyye Wellousunndsodyaia nud 5.5 MHz

o

[

S

uaz 10.7 MHz 19711 daveeatalaalall dnyuzvosdyaunaainsglli 4.10

Tek I8 100MS/s 20 Acgs
T

Ch1 Freq
5.405MHz2
Low signal
amplitude

Ch1 Pk-Pk
672mv

Ch2 Freq
5.504MH2

Ch2 Pk-Pk
140mv

Chi Zoomv @B S0mV M 500Rs CAT 7 —4mV

26 Mar 2002
14:26:16

¢ o 4 a o
fUu"IﬂWI1\‘11@TﬂV!VlﬂJ@Q?Qi]iﬁ'JllﬁﬂJﬁﬁm(Ch1) Lﬁaf]auauvm ﬁ’aﬂﬂt‘gmm

3]

JUN 4.10 uernadey
o

ANUA 5.5 MHz iaz 10.7 MHz 1/5suinsufudyadunn 5.5 MHz (Ch2)
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4.2 HANINAABDININATUIY

1. dadyanauaasmsvoioiesduveaniniy  (Pre-amplifier) 1avl

Yy unaaey

Tek EIGTH 100kS/s 197 Acqs
i E:

I-
U

Ch1 Freq
1kHz

Ch1 Pk-Pk
142mv

Ch2 Freq
995 H2z

Ch2 Pk-Pk
2.04V

M500us Chi

ChT —S0mV — eiE 500mV RSy V
26 Mar 2002
17:16:06

s

51 4.11 uamanmsvenudyanaieiym (Ch2) vevrrsvtuiioadu

MouAUTYRIUBUYN (Chl)

o o o (<! o
2. nadeunsVBEdyYnTersvdyana Teuldduaalaiidudyananacey

62 Acgs
F

Tek HXTE 100kS/s

el

Ch1 Freq
992.6 Hz
Low signal
amplitude

Ch1 Pk-Pk
100mv

I SR g e T e

Ch2 Freq
1kHz
Low signal
amplitude

Ch2 Pk-Pk
1V

ChZ 500mV oV
26 Mar 2002

17:09:07

11 4.12 yaaadoyanaue1iun (Ch2) Myvenodya10ved Main Amplifier

3

o a

! 1l
Hourudyaadunn (Chl)

58

Foyana landilu
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3. NAABUMININUVDIIIATATOIAMTUDAIHIUIALIRT VT YYIUAN Tagviimsilou
@ ¢ 2 2 . P a = y A4 o dao
drygyro Tandiom Sudwannudm lmanudga Taotlouduyn 13nan 11 200 mV 1INUUAIAAY

o ¢ & a ' 2 . i dyy y s il
113Qmﬂﬂﬁmmel@]ﬂmﬂm@ﬂ?Q%i FIWVTUILVYTY 10 1NN UY mﬂm"lﬂmﬁiwﬂﬁﬂ"lﬂmu

1.8+ —

— T

-3dB

Amplitude (V)
o

0.4 +aaanl L | Lol 1 Sl 1 1 1l TR A_U_AJ

10" 10° 10° 10° 10° 10° 10"

Frequency (Hz) 4.8MHz

7171 4.13 UTAINAMIABLAUBIANUTVDINITATOIANUTAIA Y

1Y

o d ' { 1 4 @
4 3AdyaNamuRIWNUeNINTOIWIUANND 5.5 MHz WU diefloudynineiniees

o

swdaadly doesadaladlnd dnvaedyanaiaaiagyii 4.14

Tek HTdE S00MS/s 77 Acgs
T

e

Ch1 Freq
5.435MH2
Low signal
amplitude

Ch1 Pk-Pk
g840mv

'.é....f.A.;...xx;xx».gx:;;é:::,Ey...> Ch2Freq
. - . . . 5.495MH2

: Low signal
amplitude

Ch2 Pk-Pk
228mv

560mv  ch2 100mv

26 Mar 2002
15:05:19

=1 o Jd [} a ] 4 o
71f 4.14 uansdyanamueITMYeINTEsLAILA 5.5 MHz fhu (Ch2) dledleudiya

BUNNDINVITIN(Ch)
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o

5. adaNamue Iy NIBeeITNTestIuAILe 5.5 MHz WM HAInRTMIvey

o Y
UL

L)

Tek HGIE SO00MS/s 8 Acqgs
i T.

—

Ch1 Freq
5.515MHz2
Low signal
amplitude

Ch1 Pk-Pk
102my

:?-""‘:'::":E } ChZFreq
. 5.587MHz

: . : e p ; : Unstable

N s W W : o o histogram
Ch2 Pk-Pk

2+ O SN M 404 T A A, W, ¥ 744mv

MR Somv  CR2 200mV M 100As CAT 7  —TmV

26 Mar 2002
15:35:18

51U 4.15 uARIFRNUN O INKNYDIIWINTBIGIUAIIND 5.5 MHZ H1U (Ch1)

L1}

WS oUNsUAUNAINININSVIEFYYIN (Ch2)

6. IAdaN MUY NYBILINIBIBIUANND 10.7MHz WY Lilefloudayaiuniniees

sadgoudr 1y dnyas dyguuaaasgln 4.16

oo

Tek HIE 100MS/s

19 Acqs
I

ip
v

M

Ch1 Freq
5.429MHz
Unstable
histogram

Ch1 Pk-Pk
776mv

1l

Ch2 Freq
10.66MH2
Low res

Ch2 Pk-Pk
142mv

T T B 111 [T VA 2 -t [T
Mar 2002
:29:31
d' Y s [
71N 4.16 uAAIFYYIUNADIMHNYDINATNTDIGIUAIND 10.7 MHz (Ch2)

o o I3 @
WS suneuiUd MY NY092993 3T Y19 (Chl)
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7.3 d YR UNIUD M HNUBIIVTNTOINTUANLA 10.7 MHz H1U NAIINNINTS

YeudaaInida
Tek HETE 1GS/s 33 Acgs
i b

J

Bl

Ch1 Freq
10.81MHz
Low signal
amplitude

Ch1 Pk-Pk
106mv

.§Z§33!’§fi§.!f§i.éi:',uii'Ziiféf‘,‘iéixlléfi‘!v ChZFreq
: : : : : . : : 10.42MHz

: : : 3 : : : : 1 Low signhal
amplitude

Ch2 Pk-Pk
432mv

S SomV T Chz 200mV
26 Mar 2002
i1 5826:25

q

5171 4.17 uaAsdN MU0 1NHNY09I995N50I0IUAINA 10.7 MHz HIU (Chl)
A vuioufuudminishmsveionds (Ch2)

8. Whmsiaduanuifuegan tazgnunedlIsIesunnFos nfSsumsuiudyyiami

o LY

a 9 a [ o o o
duwn drvooadalanlnl dnyazdyainuanaiglin 4.18

Tek SITH S50kS/s 490 Acgs
T

Ch1 Freq
1kHz

Ch1 Pk-Pk
308mv

Ch2 Freq
1.002kHz
Low signal
amplitude

Ch2 Pk-Pk
212mv

I ToomYChz T ToomY M T
26 Mar 2002

i 4.18 uaasdnygaiifuoganiinud 5.5 MHz 1839nun1odiaees v (Ch2) ifioy

o o

HousudyIuduy Y099 VA NNUANAIUBIT Y IMUTE (ChI)

7]



62

Tek BT S0kS/s 15 Acgs

Ch1 Freq
1kHz
Low signal
amplitude
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Philips Semiconductors RF Communications Products Product specification

Video amplifier NES92

DESCRIPTION

The NE592 is a monolithic, two-stage, differential output, wideband

video amplifier. It offers fixed gains of 100 and 400 without external

components and adjustable gains from 400 to O with one external

resistor. The input stage has been designed so that with the addition LT_

of a few external reactive elements between the gain select

terminals, the circuit can function as a high-pass, low-pass, or E

band-pass filter. This feature makes the circuit ideal for use as a o

video or pulse amplifier in communications, magnetic memories, G1p GAIN SELECT E__
E
[
N,

PIN CONFIGURATIONS

D, N Packages

]
INPUT 2 E—\ 14

INPUT 1

NC 3| NC

Gop GAIN SELECT 2| Gopp GAIN SELECT

G4 A GAIN SELECT
display, video recorder systems, and floppy disk head amplifiers. V-

V+
Now available in an 8-pin version with fixed gain of 400 without
external components and adjustable gain from 400 to 0 with one NC NC
external resistor. OUTPUT 2 — — OUTPUT 1

TOP VIEW
FEATURES
® 120MHz unity gain bandwidth
D, N Packages
@ Adjustable gains from 0 to 400
INPUT 2 INPUT 1

® Adjustable pass band

@ No frequency compensation required

G1g GAIN SELECT
V-
OUTPUT 2

G1A GAIN SELECT
V+
OUTPUT 1

@ Wave shaping with minimal external components

TOP VIEW

® MIL-STD processing available

APPLICATIONS
® Floppy disk head amplifier

® Video amplifier
® Pulse amplifier in communications
® Magnetic memory

@ \/ideo recorder systems

BLOCK DIAGRAM

* > < * 2 4 O +V
R1 é R2 %RB é R10 % R9
| .
l ® { L8
1 1»———1 “as
‘ ° | as a3 |
| | ‘A i 1
‘ | Lo R11
° d : 28 oo & OUTPUT1
» [ NpUT 2 |
INPUT 1 —I Qi Q@ o —AAMN— .
A A -
| i R12 e— OUTPUT2
G1A —e o— G1B |
1 H
|
R3 § R5 |
| | |
G2A -—e — G28B |
I |
| ‘ T |
I sl as L, | a9 Q1o
al 1

7A }7
¢ % lAvl

R16
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Philips Semiconductors RF Communications Products Product specification

Video amplifier NE592

ORDERING INFORMATION

DESCRIPTION TEMPERATURE RANGE ORDER CODE DWG #
14-Pin Plastic Dual In-Line Package (DIP) 0to +70°C NE592N 14 04058
14-Pin Small Outline (SO) package 0to +70°C NE592D14 0175D
8-Pin Plastic Dual In-Line Package (DIP) 0to +70°C NES592N8 0404B
8-Pin Small Outline (SO) package 0 to +70°C NE592D8 0174C

NOTES:
N8, N14, D8 and D14 package parts also available in “High" gain version by adding “H" before
package designation, i.e., NE592HDB

ABSOLUTE MAXIMUM RATINGS
Ta=+25°C, unless otherwise specified.

SYMBOL PARAMETER RATING UNIT
Vee Supply voltage 18 \%
Vin Differential input voltage +5 \
Vem Common-mode input voltage +6 \
lout Output current 10 mA
Ta Operating ambient temperature range Q0to +70 °C
TsTto Storage temperature range -65 to +150 °Cc
Pb mAx Maximum power dissipation,

Ta=25°C (still air)?
D-14 package 0.98 w
D-8 package 0.79 w
N-14 package 1.44 w
N-8 package 1.17 w
NOTES:

1. Derate above 25°C at the following rates:
D-14 package at 7.8mW/°C
D-8 package at 6.3mW/°C
N-14 package at 11.5mW/°C
N-8 package at 9.3mW/°C
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Philips Semiconductors RF Communications Products Product specification

Video amplifier NE592

DC ELECTRICAL CHARACTERISTICS

Ta=+25°C Vgs=46V, Vcu=0, unless otherwise specified. Recommended operating supply voltages Vs=16.0V. Al specifications apply to both
standard and high gain parts unless noted differently.

SYMBOL PARAMETER TEST CONDITIONS HEee UNIT
Min Typ Max
AvoL Differential voltage gain,
standard part

Gain 11 R =2kQ, Voyr=3Vp.p 250 400 600 VIV

Gain 22.4 80 100 120 %
Rin Input resistance

| Gaintt 4.0 kQ

Gain 22.4 10 30 kQ
Cin Input capacitance? Gain 24 2.0 pF
los Input offset current 0.4 5.0 HA
Iglas Input bias current 9.0 30 LA
VNOISE Input noise voltage BW 1kHz to 10MHz 12 UVRMS
VN Input voltage range +1.0 \Y
CMRR Common-mode rejection ratio

Gain 24 Vemt1V, f<100kHz 60 86 dB

Gain 24 VepttV, f=5MHz 60 dB
PSRR Supply voltage rejection ratio

Gain 24 AVs=10.5V 50 70 dB
Vos Output offset voltage

Gain 1 Ry = 1.5 \%

Gain 24 R =0 1.5 Vv

Gain 33 Ry== 0.35 0.75 \Y
Veum Output common-mode voltage R = 24 29 3.4 A\
Vout Output voltage swing R =2kQ 3.0 4.0 \Y

differential
Rout Output resistance 20 Q
lcc Power supply current R =0 18 24 mA
NOTES:

1. Gain select Pins G14 and Gyg connected together.
2. Gain select Pins Gya and G,g connected together.
3. All gain select pins open.

4. Applies to 14-pin version only.
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Philips Semiconductors RF Communications Products Product specification

Video amplifier NES92

DC ELECTRICAL CHARACTERISTICS
DC Electrical CharacteristicsVgg=16V, Vom=0, 0°C <Ta<70°C, unless otherwise specified. Recommended operating supply voltages Vg=16.0V.
All specifications apply to both standard and high gain parts unless noted differently.

SYMBOL PARAMETER TEST CONDITIONS . UNIT
Min Typ Max
AvoL Differential voltage gain,
standard part

Gain 11 R(=2kQ, Vout=3Ve.p 250 600 VIV

Gain 224 80 120 VIV
Rin Input resistance

Gain 224 8.0 kQ
los Input offset current 6.0 HA
Igias Input bias current 40 HA
Vin Input voltage range +1.0 \
CMRR Comrnon-mode rejection ratio

Gain 28 Vemt1V, f<100kHz 50 dB
PSRR Supply voltage rejection ratio

Gain 24 AVg=10.5V 50 dB

Output offset voltage
e A
Gain 3° 1.0
Vout Output voltage swing differential R =2kQ 2.8 \Y
lcc Power supply current Ry == 27 mA
NOTES:

1. Gain select Pins Gya and G1g connected together.
2. Gain select Pins Goa and Gog connected together.
3. All gain select pins open.

4. Applies to 14-pin versions only.

AC ELECTRICAL CHARACTERISTICS
Ta=+25°C Vgs=16V, Vem=0, unless otherwise specified. Recommended operating supply voltages Vs=+6.0V. All specifications apply to both
standard and high gain parts unless noted differently.

SYMBOL PARAMETER TEST CONDITIONS NE/SA592 UNIT
Min Typ Max
Bandwidth
BW Gain 11 40 MHz
Gain 224 90 MHz
Rise time
tr Gain 1! Vout=1Vp.p 10.5 12 ns
Gain 224 45 ns
Propagation delay
tep Gain 11 Vout=1Ve.p 7.5 10 ns
Gain 224 6.0 ns
NOTES:

1. Gain select Pins G4 and Gqg connected together.
2. Gain select Pins Goa and Gog connected together.
3. All gain select pins open.

4. Applies to 14-pin versions only.
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Philips Semiconductors RF Communications Products

Product specification

Video amplifier

NE592

TYPICAL PERFORMANCE CHARACTERISTICS

Common-Mode Rejection Ratio Output Voltage Swing as
as a Function of Frequency a Function of Frequency
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Philips Semiconductors RF Communications Products

Product specification

Video amplifier

NES92

TYPICAL PERFORMANCE CHARACTERISTICS (Continued)
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Video amplifier

NES92

PHASE SHIFT - DEGREES
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Product specification

Philips Semiconductors

Phase-locked loop

NE/SE564

;

DESCRIPTION

The NE/SE564 is a versatile, high guaranteed frequency
phase-locked loop designed for operation up to 50MHz. As shown
in the Block Diagram, the NE/SE564 consists of a VCO, limiter,
phase comparator, and post detection processor.

FEATURES
@ Operation with single 5V supply

® TTL-compatible inputs and outputs

® Guaranteed operation to 50MHz

@ External loop gain control

@ Reduced carrier feedthrough

@ No elaborate filtering needed in FSK applications

@ Can be used as a modulator

PIN CONFIGURATIONS

—

LOOP GAIN CONTROL E

INPUT TO PHASE COMP
FROM VCO

LOOP FILTER E
LOOP FILTER E
FM/RF INPUT E

BIAS FILTER E

ono 3]

D, N Packages
—
w[i]

E TTL OUTPUT

E} HYSTERESIS SET
E ANALOG OUT
E FREQ. SET CAP

E FREQ. SET CAP

B VCOOUT 2
o

9 | VCOOUTTTL

@ Variable loop gain (externally controlled) TOP VIEW
SR01025
APPLICATIONS Figure 1. Pin Configuration
® High speed modems o Signal t
ignal generators
@ FSK receivers and transmitters 1% gekretuke Sl
arious satco ys
® Frequency Synthesizers
@ pin configuration
ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE DWG #
16-Pin Plastic Small Outline (SO) Package 0to +70°C NE564D SOT108-1
16-Pin Plastic Dual In-Line Package (DIP) 0to +70°C NE564N SOT38-4
16-Pin Plastic Dual In-Line Package (DIP) -55 to +125°C SE564N SOT38-4
BLOCK DIAGRAM
V4
—_—————_———— —_—————— O ————— = ————
| ?4 ['s 1 14 jl
| !
PHASE | —o |
|6 LIMITES COMPARATOR |— d |
| | | '
| o7 o= i 5 I
| ? 1 . —¢ o) 1
1 | ' i 16 >
| g : I
2 I vo [— POST DETECTION |
| PROCESSOR
| 100—] |
‘ T I
i b s e 26 _oB -§_ ————————————————
E = 5R01026 |

Figure 2. Block Diagram
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Philips Semiconductors Product specification
Phase-locked loop NE/SE564
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNITS
V+ Supply voltage
Pin 1 14 Vv
Pin 10 6 \
lout Sink Max (Pin 9) and sourcing (Pin 11) 1 mA
lgias Bias current adjust pin (sinking) 1 mA
Pp Power dissipation 600 mwW
Operating ambient temperature
Ta NE 0to +70 °C
SE -55to +125 °c
TsTte Storage temperature range -65to +150 °c
NOTE:
Operation above 5V will require heatsinking of the case.
DC AND AC ELECTRICAL CHARACTERISTICS
Ve = 5V; Ta = 0 to 25°C; fo = 5MHz, I = 400pA; unless otherwise specified.
LIMITS LIMITS
SYMBOL PARAMETER TEST CONDITIONS SE564 NE564 UNITS
MIN | TYP | MAX | MIN TYP | MAX
Maximum VCO frequency C1=0 (stray) 50 65 45 60 MHz
Input > 200mVrs
Ta=25C 40 70 40 70
Ta=125C 20 30 5
Lock range Ty=-55°C 50 80 % of fo
Ta=0°C 70
Ta=70C 40
Capture range Input > 200mVgums, Rz = 27Q 20 30 20 30 % of fo
fo = SMHz, )
Ta=-55Cto+125C 500 | 1500
.- Ta=0t0+70 C
L ey drifievin =010 +70°C 600 PPM/OC
P fo=5MHz, 300 | 800
Ta=-55Cto +125C 500
To=0to +70 C
2 : Ci= 91pF
VCO free-running frequency R = 100Q “Internal” 4 5 6 8’5 5 6.5 MHz
VCO frequency change with s o
supply voltagd Vcc =4.5V to 5.5V 3 8 3 8 % of fo
Modulation frequency: 1kHz
fo = 5MHz, input geviation:
e o ||y
bl =29 MVRMS
Demodulated output voltage 1%T = 0°C. 16 13 mMVRMs
1%T =-55C 6 10 8 mVRMS
1%T =70 (; 15 mVRMS
1%T=125C 12 16 mVRMS
Distortion Deviation: 1% to 8% 1 1 %
SIN Signal-to-noise ratio Std. condition, 1% to 10% dev. 40 40 dB
AM rejection Std. condition, 30% AM 35 35 dB
Modulation frequency: 1kHz
Demodulated output at oper- | fo = 5MHz, input deviation: 1% mVRMS
ating voltage Vee =4.5V 7 12 7 12 mVRMS
Vee = 5.5V 8 14 8 14
lcc Supply current Vee =5V ly, Iy 45 60 45 60 mA
Output .
g Vout = 5V, Pins 16, 9 1 20 1 20 A
i ealagaicunsnt lout = 2mA, Pins 16, 9 03 | 06 03 | 06 v
p 9 louT = 6MA, Pins 16, 9 04 | 08 04 | 08 v
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Philips Semiconductors Product specification

Phase-locked loop NE/SES564

TYPICAL PERFORMANCE CHARACTERISTICS

Lock Range vs Signal Input
1000
8
6
IPIN = A .
L _IPIN = 4004 VCO Capacitor vs Frequency
4 a — 106
r < IPIN,, = OHA N \
> . gl 5
= y 10 N
s 4
i B N\
w ‘& 104
e & N
= 9 N\
. 3
< 100 - g 10 N
(V)
oF 4
7 L \ g 2 \
> £ < 10
5 3 N
4 10 \
1
2 VeccsV | 4 1 10 102 103 10t 10’
fo = SMHz FREQUENCY kHz
10
o PERDEIEOE N41.09%.1; 12PN
NORMALIZED LOCK RANGE
Typical Noirmalized VCO Typical Noirmalized VCO Typical Noirmalized \/CO
Frequency as a Function of Frequency as a Function of Frequency as a Function of
Pin 2 Bias Current Pin 2 Bias Current Temperature
g % 1D &
= (8] 3 z
i 2 VCO FREQUENCY: 50MHz i
=2 w
g 3 N 2
"4 w 1.08 N &
o 101 FREQUENCY: 50MHz & N & 119 BiAS CURRENT: — 20054
o S N 9 FREQUENCY: 5MHz
o
2 1.00 = S 1.00 g & 105 =
Boss| 4] S g = &' P
o / N N ™ 3 1.00 T
< 0io8 N 2 095 S < \ §K
& N g o 0.95 FREQUENCY: 500MHz T~
Z 0.97 g Z BIAS CURRENT: — 200pA
0.90 090
0.96 i
—600pA —400  -200 0 +200 _600pA —400 200 O 200 +400 50 -25 25 0 25 50 75 100 125
BIAS CURENT (A), PIN 2 BIAS CURENT (1A), PIN 2 TEMPERATURE (IN°C)
SR0102A
L

Figure 3. Typical Performance Characteristics
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Philips Semiconductors

Product specification

Phase-locked loop

NE/SE564

TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

Vp - PHASE COMPARATOR'S
OUTPUT VOLTAGE IN mV

A
800
A vCO FREQUENCY
IBIAS =2000A IN MHz
600 IBIAS = 400pA p
IBIAS = OnA 1.6 IBIAS = 8000A
IBIAS =800pA
IBIAS = 00kA
400
1.4
fo = 1.0MHz /
200 1.2
200 400 600 800
140 160 VpIN mV
0- PHASE
-200 ERROR IN
DEGREES
—400 6
-600
-800
Variation of the Comparator’s Output Voltage VCO Output Frequency as a Function of
vs Phase Error and Bias Current (Kp) Input Voltage and Bias Current (Ko)
SR01028
Figure 4. Typical Performance Characteristics (cont.)
TEST CIRCUIT
+5V O— * > 1
! |
i
| |
| L R3§ g 1K
L= 1
FEAMC)
| |85 gt L O Yeo
B Rl | i i 15F__ ; 290 OUTPUT
INPUT 1, 10 16 9 P T l
& 3 — = DEMODULATED
0AuF § 1K
—A—— 7 14 |——¢—0 ouTtPuT
= 0.10F—
c2 Rz 564 . S
—v— 4 =
430pF 1 c1
c2 R2
T——l F—wwn—{ 5 12
=  430pF 8
SR01029

Figure 5. Test Circuit
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Philips Semiconductors

Product specification

Phase-locked loop

NE/SE564

FUNCTIONAL DESCRIPTION

(Figure 6)

The NE564 is a monolithic phase-locked loop with a post detection
processor. The use of Schottky clamped transistors and optimized
device geometries extends the frequency of operation to greater
than 50MHz.

In addition to the classical PLL applications, the NE564 can be used
as a modulator with a controllable frequency deviation.

The output of the PLL can be written as shown in the following
equation:

_ (fin-fo) 1
i Kvco |

Kyco = conversion gain of the VCO
fin = frequency of the input signal
fo = free-running frequency of the VCO

The process of recovering FSK signals involves the conversion of
the PLL output into logic compatible signals. For high data rates, a
considerable amount of carrier will be present at the output of the
PLL due to the wideband nature of the loop filter. To avoid the use
of complicated filters, a comparator with hysteresis or Schmitt trigger
is required. With the conversion gain of the VCO fixed, the output
voltage as given by Equation 1 varies according to the frequency
deviation of fyy from fo. Since this differs from system to system, it
is necessary that the hysteresis of the Schmitt trigger be capable of
being changed, so that it can be optimized for a particular system.
This is accomplished in the 564 by varying the voltage at Pin 15
which results in a change of the hysteresis of the Schmitt trigger.

For FSK signals, an important factor to be considered is the drift in
the free-running frequency of the VCO itself. If this changes due to
temperature, according to Equation 1 it will lead to a change in the
DC levels of the PLL output, and consequently to errors in the digital
output signal. This is especially true for narrowband signals where
the deviation in fyy itself may be less than the change in fo due to
temperature. This effect can be eliminated if the DC or average
value of the signal is retrieved and used as the reference to the
comparator. In this manner, variations in the DC levels of the PLL
output do not affect the FSK output.

VCO Section

Due to its inherent high-frequency performance, an emitter-coupled
oscillator is used in the VCO. In the circuit, shown in the equivalent
schematic, transistors Q21 and Q23 with current sources Q25 - Q26
form the basic oscillator. The approximate free-running frequency of
the oscillator is shown in the following equation:

1

I 2
fo= 22 Rc (Cq + Cs) @

Rc = Rig = Ryg = 100Q (INTERNAL)
C4 = external frequency setting capacitor
Cg = stray capacitance

Variation of Vp (phase detector output voltage) changes the
frequency of the oscillator. As indicated by Equation 2, the
frequency of the oscillator has a negative temperature coefficient
due to the monolithic resistor. To compensate for this, a current Ig
with negative temperature coefficient is introduced to achieve a low
frequency drift with temperature.

1994 Aug 31

Phase Comparator Section

The phase detection processor consists of a doubled-balanced
modulator with a limiter amplifier to improve AM rejection.
Schottky-clamped vertical PNPs are used to obtain TTL level inputs.
The loop gain can be varied by changing the current in Q4 and Qys
which effectively changes the gain of the differential amplifiers. This
¢czn be accomplished by introducing a current at Pin 2.

Post Detection Processor Section

The post detection processor consists of a unity gain
transconductance amplifier and comparator. The amplifier can be
used as a DC retriever for demodulation of FSK signals, and as a
post detection filter for linear FM demodulation. The comparator has
adjustable hysteresis so that phase jitter in the output signal can be
eliminated.

As shown in the equivalent schematic, the DC retriever is formed by
the transconductance amplifier Qo - Q43 together with an external
capacitor which is connected at the amplifier output (Pin 14). This
forms an integrator whose output voltage is shown in the following
equation:

Vo= %Nzl Vndt (3)

gm = transconductance of the amplifier
C, = capacitor at the output (Pin 14)
V) = signal voltage at amplifier input

With proper selection of C,, the integrator time constant can be
varied so that the output voltage is the DC or average value of the
input signal for use in FSK, or as a post detection filter in linear
demodulation.

The comparator with hysteresis is made up of Q4g - Qsg With
positive feedback being provided by Q47 - Qas. The hysteresis is
varied by changing the current in Qs with a resulting variation in the
loop gain of the comparator. This method of hysteresis control,
which is a DC control, provides symmetric variation around the
nominal value.

Design Formula
The free-running frequency of the VCO is shown by the following
equation:

0= 7775(C; #E9 “
Rc = 100Q

C4 = external cap in farads

Cg = stray capacitance

The loop filter diagram shown is explained by the following equation:

1 i
fs = m (First Order) (5)

R = Rz = Ry3 = 1.3kQ (Internal)*

By adding capacitors to Pins 4 and 5, a pole is added to the loop
transfer at

o NOTE:
o= RC3 *Refer to Figure 6.



ANALOG
i DEVICES

High-Speed, Wide Bandwidth

Operational Amiplifier (A, = 9)

FEATURES

* High Slew Rate - 130V/js Min
* Fast Seltling Tlme (+10V, 0.1%) .. 100ns Typ
+ Galn-Bandwldth Product (A, = +5) < BOMHZ Typ
* Low Supply Current 8mA Max

* Low Nolse 8nV/Hz Typ
* Low Oflset Voltage 1mV Max
* High Output Current 180mA Typ

¢ Eliminates External Buffer
¢+ Slandard 8-Pin Packages
« Avallable In Dle Farm

ORDERING INFORMATION !

PACKAGE

T, x425°C HERMETIC HERMETIC OPERATING

Vo MAX  TO-99 olp PLASTIC LCC  TEMPERATURE
(mV) 6-PIN ‘8PIN 8-PIN  20-CONTACT RANGE
10 OP64AJ° OPG4AZ" - OP64ARCrB83 MIL
10 OP6IEJ OPG4EZ - - XIND
20  OP64FS OPGAFZ - - XINO
25 - - 0P64GP - XINO
25 - - OP64GS" - XIND

XIND = Extended Industrial Temperature Range, —40°C to +85°C

Fordevices p dintotal compliance to MIL-SOT-883,add /863 atier pad
_numbar. Consult factory for 883 dala sheal.
{ Bumdals avallable on clal and Industrial temp range pacs

CecDIP, plastic DIP, and TO-99 can packages.
# For avaliabifity and bum-n information on SO and PLCC packages, conlact
your loce! sales office.

SIMPLIFIED SCHEMATIC

0P-64-

GENERAL DESCRIPTION

The OP-84 Is a high-performance monolithic operational ampli-
fier that comblnes highspeed and wide bandwidth withlow pawer

consumption. Advanced processing techniques have en-
Continued

PIN CONNECTIONS

EPOXY MINI-DIP

wuLL n“n BeARLE (P-Sufflx)
(1] (1] ve 3
e > R é-PIN CERDIP
N e (Z-Sutflx)
EPOXY SO
(S-Sutfix)

20-LEAD HERMETIC L.CC
(RC-Sulfflx)

TO-99

DIEABLE B

KULL




0P-64 "‘“

FIGURE 2: Input Offset Voltage Nufling

OFFSET VOLTAGE ADJUSTMENT

Offsel voltage Is adjusted with a 20kQ potentlomeler as shown
in Figure 2. The potentlometer should be connecled between
plns {1 and § with Its wiper connected to the V-supply. The typi-
cal timrange Is +4mV. '

0P-64 DISABLE AMPLIFIER SHUTDOWN

Pln 8 of the OP-64, DISABLE, Is an amplifier shitdowr control
Inpul. Thé OP-64 dpetales normally wher Pln 8 I left fioating.
When greater than 250gA s drawn from thé DISABLE pln; thé
OP-64 Is disabled. The supply current drops to 1mA and the
oulput Impedance rises to 2kQ. To draw current from the DIS-
ABLE pin, an open collector output loglc gale or a discrate NPN
transislor can be used as shown In Figure 3. An Internalreslstor

-u1

o
~tev

FIGURE 4: DISABLE Tum-On/Tom-OH Tésl Clicutt

limits the DISABLE ctittent {6 arourd 50 tvh'gi DISABLE pi
1s grounded wltt thd OP-84 paWvated by 215V, Siipplied. Thedd
loglcIntertace mathods have the added advéritage of favel gh¥
ing the TTL slgnal {3 whatdver supply voltadé I§ ised o powes:

. the OP-64.

Figure 4 shows a test clrcult for measuring the tum-on ana ax
olftimes for the OP-64. The OP-64 IsIn a galri of 5 with & 41Y.05;

Input. As the Input pulseé lo the 74LS04 rises its outpul talg

VNO‘W_

na

- FIGURE 3: Simple circuits allow the OP-64 to be shul down.




0P-64

drawing current from the DISABLE pin and disabling the ampli-
fier. The oulput vollage delay Is shown In Figure 5 and takes
500y1s to reach ground due 10 the extra current supplled to the
amplilier by the 10pF electrolytic bypass capacitors. The turn-
ontima Is much quicker than the turn-of( time. In this situatlon as
tho Input to the 74LS04 lalls its output rises, refurning the OP-64
lo normal operation. The amplifier's output turns on In250ns.

(a)

OuTPUT

LOaIC MPUT

" (b)

outeur

LoatCpPUT

FIGURE §: (a} OP-64 turn-on and turn-off performance. (b)
Expanded scale showing turn-on performance of the OP-64.

OVERDRIVE RECOVERY J

_Flgure 6 shows the overdrive recovery performance of the OP-
64. Typical racovery lime Is 270ns from negative overdrive and
80ns (rom posilive overdrive.

VIDEO AMPLIFIER/TERMINATEOD LINE DRIVER

The OP-64 can ba usad as a video ampliflerflerminated line
driver as shown In Figure 8. With lis high output current capabil-
lty, the OP-64 eliminates the need for an external buffer.

\/
16¥bwviston

vlﬂ
IVIDIVISION

FIGURE 6: OP-64 Overdrive Recovery

The 750 cable termination resistor minimizes reflections from
the end of the cable. The 75Q sertes oulput resistor absorbs any
rellections caused by a mismatch between the 75Q {ermination
reslstor and the characteristic cable Impedance. In this circult
the output voltage, Vg . Is one-half of the OP-64's output volt-
age due to the divider [ormed by the 75Q terminating reslstors.
The output voltage at the end of the terminated cable, V.
spans —1V to +1V. The differential galn and phase for the vﬁieo
amplifier Is summarlzed In Tablet. ~

TABLE 1: Differential Gain and Phase of Video Amplifier/Line
Drlver

Differentlal Galn Differentlal Phase

\’' 3.68MHz SMHz 3.58MHz SMHz
15V 0.008dB  0.016dB 0.03° 0.03°
£12V 0.008d8  0.018d8B 0.03° 0.03°

v, [
'\rﬁ'*(“i")

FIGURE 8: Video Amplifier/Terminated Line Driver
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LARGE SIGNAL RESPONSE (Vg = 115V)

outPut -

NPUT

APPLICATIONS INFORMATION

POWER SUPPLY BYPASSING AND

LAYOUT CONSIDERATIONS

Proper power supply bypassing Is critical In all high-lrequency
clreuit applications. For stable operation of the OP-64, the
power supplies must malntaln a low Impedance-to-ground over
an extremely wide bandwidth. This Is most critical when drlving
alow reslstance or large capacitance, slnce the current requlired
1o drive the load comes from the power supplies. A 10uF and
0.1yF ceramic bypass capacltor are recommended for each
supply, as shown In Figure 1, and wlil provide adequate high:
frequency bypassing In most applications. The bypass capaci-
tors should be placed at the supply pins of the OP-64.As with all
high frequency amplifiers, clrcult layout Is & critical factor In

LARGE AND SMALL SIGNAL RESPONSE
TEST CIRCUIT

Ayool

obtalning oplimum perormance from the OP-64. Proper high
frequency layout reduces unwanted signal coupling In the clr-
cult. When breadboarding a high frequency circult, use direct
polnt-to-point wirlng, keeplng all lead lengths as short as pos-
sible. Do not use wire-wrap boards or "plug-In® prototyping
boards. |

During PC board layout, keep all lead lengths and lraéesf as
short as possible to minimize Inductance. The feedback and
galn-satting resistors should be as close as possible to the In-

verting Inputto reduce stray capacitance at that polnt. To further

V- ‘:!—.}'mv T

FIGURE 1: Properpower supply bypassing Is required to obtaln
optimum performance with the OP-64.

reduce strdy capacltance, remove the ground plane from the
area around the Inputs of the OP-84. Elsewhere, the use of &
solld unbroken ground plane will Insure a good high-frequency
ground. '



MOTOROLA
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TECHNICAL DATA

MFOE1100

Fiber Optics — High Performance Family m:;gg::g;
Infrared LED

... designed for fiber optics applications requiring high-power and medium response }
time. HERMETIC FAMILY
e Response — Digital Data to 30 Mbaud (NRZ) Guaranteed FIBER OPTICS
e High Launch Power INFRARED LED
e Hermetic Package
o Internal Lensing Enhances Coupling Efficiency .
e Complements All Motorola Fiber Optics Detectors
e Compatible with AMP #228756-1, Amphenol #905-138-5001 and Deutsch 3146-04
Receptacles Using Motorola Alignment Bushing MFOAO6 (Included)
MAXIMUM RATINGS
Rating Symbol Value Unit

Reverse Current ‘R " mA

Forward Current — Continuous Ig 100 mA

Total Device Dissipation @ Ta = 25°C PDp 250 mW !

Derate above 25°C 2.27 mwrC
Operating Temperature Range Ta -5510 + 125 8
Storage Temperature Range Tsta -6512 +150 <

THERMAL CHARACTERISTICS
Characteristics Symbol Max Unit
CASE 210A-01
Thermal Resistance, Junction to Ambient 6JA 440 °CW METAL
225
ELECTRICAL CHARACTERISTICS (Tp = 25°C)
Characteristic Symbol Min Typ Max Unit
Reverse Rreakdown Voltage (IR = 100 pA) V(BRIR 2 8 - Volts
Forward Voltage (Ig = 100 mA) VE 1.8 2 b ¥4 Volts
Total Capacitance (VR = OV, = 1 MHz) (Co — 70 — pF
Electrical Bandwidth, Figure 6 BWE 15 20 — MHz
(If = 80 mAdc, measured 1 MHz to 30 MHz)
OPTICAL CHARACTERISTICS (T = 25°C)
Characteristic ) Symbol Min Typ Max Unit
Total Power Output MFOE1100 Po - 26 — mwW
(lg = 100 mA, A = 850 nm) MFOE1101 — 4 —
MFOE1102 —5 J S —
Power Launched, Figure 7 MFOE1100 PL 60 (—12.2) — — #W(dBm)
(g = 100 mA) MFOE1101 120 (-9.2) = 240 (-6.2)
MFOE1102 180 (-7.5) — 360 (-4.5)
Numerical Aperture of Output Port (at — 10 dB), Figure 3 NA = 0.30 — —

(250 um {10 mil] diameter spot) |
Wavelength of Peak Emission @ 100 mAdc A — 850 — nm 7
Spectral Line Half Width — s 50 — am
Optical Rise and Fall Times, Figure 11 N _ l 15 == as

(If = 100 mAdc) 1 — ] 16 _

*{nstalled in compatible metal connector housing with Motorola alignment bushing.



MEOE1100, MFOE1101, MFOE1102
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MFOE1100, MFOE1101,-MFOE1102

100 mA =1 METER 100 zem CORE, 0.23 NA
. PHOTODYNE
RADIOMETER
- ; WITH #350
AMEHENOL OFT or AMPHENOL INTEGRATING
pec SHA TERMINATION SPHERE
#305-138:5001
Figure 7. Launched Power Test Set
0UT. LED DAIVE CIRCUT Gmcmng
i (SEE FIGUFE 11) e A
TB302
13K 134
AMPHENOL v
R OFTI _I_ W\ & N4
SWA CONNECTORS | 100056 ’l“” ub O FRO0TLE b o 02t Vi
e MFODII00 =GND. 20 uf
O Upimaviev,
AL ILEILE QUTPUT

L ewina 90 s

TEKTRONIX 7L ¢

CONVERTER SPECTRUM
NOTE: ALL LEAD LENGTHS AS SHORT AS POSSIBLE ZM-51 TEXSCAN ANAGZER
1000 pf CAPATITOR 1§ A CHIP CAPACITOR o
: 7607 MAIN FRAME

Figure 8. Bandwidth Test Set



MFOE1100, MFOE1101, MFOE1102

T 72774
AVERAGE COUPUNG EFFICIENCY
Fiber Core Numerical Coupling 8:0
Diameter (um) Aperture Efficiency (%)
200 0.4 28
100 0.28 45
85 0.26 2.6
62.5 0.28 1.6
S0 02 0.7 COMPATIBLE WITH AMP #728756-1, AMPHENOL #05-138-5001,

DEUTSCH 3146-04 AND OFT| # PCROOT RECEPTACLES USING MOTOROLA
Figure 9. Coupling Efficiency LLIGNMENT BUSHING MFOADS (INCLUDED)

Figure 0. Package Cross Section

< 1 1
20 Y-
/"—‘
N
[z !
£ 15
2 / 1 A
@
= L~
S ]
2
0 & 80 120 160 20
if, FORWARD CURRENT (mA)
Figure 11. Rise and Fall Time versus
Forward Current
OUTLINE DIMENSIONS -
|
. STVE 1
i, W MELUMETERS WCHES PN 1. - VouT
I I ot | MN | MAX | BN | MAX | 2. +VouT
| T A | s3] 5380209} 0212 3. GROUNDCASE
| <'2 B | 464 | 468 | 0183 | 0.1€5 4 +Vee
=] C | 34| 360 | 013 |01
i L 0 | 04| 048 | 0016 | 0019
Il K - G 254 BSC 0100 BSC NOTES:
|H | W | os1 | 116 | 0036 | 00 1. DIMENSKONS A AND K ARE DATUMS AND TIS A
It J | om | 121 | oox | 00 DATUM SURFACE. B
—lto0 ¥ Tanl - oo — 2. LE£D POSITIONAL TOLERANCE AT SEATING
” W 4 BSC 45 BSC PLANE
@\ G . Hleom&(o.om@]rh@ H©®
\/ CASE 210A-01 3. DIMENSIONING AND TOLERATJING PER Y145,
" METAL 871




MOTOROLA : -
s SEMICONDUCTOR T e R
TECHNICAL DATA

Fiber Optics — High Performance Family MF0D1 100
Photo Detector

Diode Output .
i . oo e, . : . HERMETIC FAMILY

... designed for infrared radiation detection in high frequency Fiber Optics Systems. It is FIBER OPTICS

packaged in Motorola’s hermetic TO-206AC (TO-52) case, and it fits directly into standard PHOTO DETECTOR

fiber optics connectors. The metal connectors provide excellent RFl immuaity. Major DIODE OUTPUT

applications are: CATV, video systems, V68000 microprocessor systems, industrial con-
trols, computer and peripheral equipment, etc.

e Fast Response — 1 ns Max @ S Volts

e Analog Bandwidth (—3 dB) Greater Than 250 MHz

e Performance Matched to Motorola Fiber Optics Emitters

e TO-206AC (TO-52) Package — Small, Rugged, and Hermetic

e Compatible with AMP #228756-1, Amphenol #905-138-5001 and Radiall #F086600380

Receptacles Using Motorola Plastic Alignment Bushing MFOAO06 (Included) @
7
MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) @
Rating Symbal Value Unit / &—
Reverse Voltage VR 50 Volts //
Total Device Dissipation @ Ta = 25°C Pp 50 mW
Derate above 25°C 0.5 mWrC
Operating Temperature Range TA -551t0 +125| °C CASE 210A-01
METAL
Storage Temperature Range Tsig —65to +150 €
ELECTRICAL CHARACTERISTICS (Tp = 25°C)
Characteristic Symbol Min Typ Max Unit
Dark Current ip —_ — 1 nA
(VR = 5V.RL = 1M, H =0, Figure 2}
Reverse Breakdown Voltage V(BR)R S0 - F o Volts
(la = 10 pA)
Forwgrd Voltage VE — 2 25 Volts
(Ig = 50 mA)
Total Capacitance . Cr = — 25 pF
(VR = 5V. € = 1 MHz) .
Noise Equivalent Power NEP — S0 — fWi/Fz

OPTICAL CHARACTERISTICS (Tp = 25°C)

Responsivity @ 850 nm R 0.3 0.35 — pA W
(VR = 5V.P = 10 uW, Figure 3, 5) .

Response Time @ 850 nm te i —_ 1.2 3 ns
(VR = 20V) ;
Effective Input Port Diameter (Figure 4) —_ —_ 300 — Microns

0.012 Inches
10 dB (90%) Numerical Aperture of Input Port (Figure 4) NA = 0.4 s | —




RELATIVE RESPONSE (%)

MFOD1100

TYPICAL CHARACTERISTICS
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Figure 1. Relative Spectral Response
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Figure 3. Responsivity Test Configuration
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Figure 4. Package Cross Section

QUTLINE DIMENSIONS

o A —f

KITES:
1 PIN 2INTERNALLY CONNECTED TO CASE."
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&National Semiconductor

LF353

General Description

These devices are low cost, high speed, dual JFET input
operational amplifiers with an internally trimmed input offset
voltage (BI-FET II™ technology). They require low supply
current yet maintain a large gain bandwidth product and fast
slew rate. In addition, well matched high voltage JFET input
devices provide very low input bias and offset currents. The
LF353 is pin compatible with the standard LM1558 allowing
designers to immediately upgrade the overall performance of
existing LM1558 and LM358 designs.

These amplifiers may be used in applications such as high
speed integrators, fast D/A converters, sample and hold
circuits and many other circuits requiring low input offset
voltage, low input bias current, high input impedance, high
slew rate and wide bandwidth. The devices also exhibit low
noise and offset voltage drift.

August 2000

Wide Bandwidth Dual JFET Input Operational Amplifier

Features

= Internally trimmed offset voltage: 10 mV
m Low input bias current: 50pA
m Low input noise voltage: 25 nV/VHz
m Low input noise current: 0.01 pANHz
m Wide gain bandwidth: 4 MHz
m High slew rate: 13 Vlps
m Low supply current: 3.6 mA
® High input impedance: 10'2Q
® Low total harmonic distortion : <0.02%
= Low 1/f noise corner: 50 Hz
u Fast settling time to 0.01%: 2 s

Typical Connection

Ry

-Vee
DS005649-14

Simplified Schematic

1/2 Dual

Vec O © <

INTERNALLY

INTERNALLY TRIMMED

TRIMMED

-Vee O g

DS005649-16

BI-FET ™ is a trademark of National Semiconductor Corporation.

Connection Diagram

Dual-In-Line Package

O

L v*

1
OQUTPUT A ——

1

2
INVERTING INPUT A — —— OUTPUTB

AR

owwverting 31— |F|* IC
FHRY INVERTING INPUT B
P S NON-INVERTING
INPUT B
DS005649-17
Top View

Order Number LF353M, LF353MX or LF353N
See NS Package Number M08A or NOSE

© 2001 National Semiconductor Corporation DS005649
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LF353

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Supply Voltage +18V
Power Dissipation (Note 2)
Operating Temperature Range 0°C to +70°C
T,(MAX) 150°C
Differential Input Voltage 30V
Input Voltage Range (Note 3) 15V
Output Short Circuit Duration Continuous

Storage Temperature Range —65'C to +150°C
Lead Temp. (Soldering, 10 sec.) 260°C

Soldering Information
Dual-In-Line Package
Soldering (10 sec.) 260°C

DC Electrical Characteristics

Small Outline Package
Vapor Phase (60 sec.) 215°C
Infrared (15 sec.) 220°C

See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering
surface mount devices.

ESD Tolerance (Note 8) 1700V

6,, M Package TBD
Note 1: Absolute Maximum Ratings indicate limits beyond which damage to

the device may occur. Operating ratings indicate conditions for which the

device is functional, but do not guarantee specific performance limits. Elec-

trical Characteristics state DC and AC electrical specifications under particu-

lar test conditions which guarantee specific performance limits. This assumes

that the device is within the Operating Ratings. Specifications are not guar-

anteed for parameters where no limit is given, however, the typical value is a

good indication of device performance.

(Note 5)

Symbol Parameter Conditions LF353 Units
Min Typ Max
Vos Input Offset Voltage Rg=10kQ, To=25C 5 10 mV
Over Temperature 13 mV
AVos/AT Average TC of Input Offset Voltage Rs=10 kQ 10 uvrc
los Input Offset Current T,=25°C, (Notes 5, 6) % 100 pPA
T,<70°C 4 nA
ls Input Bias Current T;=25'C, (Notes 5, 6) 50 200 pA
T;s70°C 8 nA
RH, Input Resistance T,=25°C 1012 Q
AvoL Large Signal Voltage Gain Vg=%15V, Tp=25'C 25 100 V/imV
Vo=#+10V, R =2 kQ
Over Temperature 15 VimV
Vo Output Voltage Swing Vg=%15V, R =10kQ +12 +il13.5 \Y%
Vem Input Common-Mode Voltage Vg=%15V +11 +15 \Y,
Range -12 \Y)
CMRR Common-Mode Rejection Ratio Rs< 10kQ 70 100 dB
PSRR Supply Voltage Rejection Ratio (Note 7) 70 100 dB
Is Supply Current 3.6 6.5 mA
AC Electrical Characteristics
(Note 5)
Symbol Parameter Conditions LF353 Units
Min Typ Max
Amplifier to Amplifier Coupling TA=25'C, f=1 Hz-20 kHz -120 dB
(Input Referred)
SR Slew Rate Vg=%15V, T,=25C 8.0 13 Vips
GBW Gain Bandwidth Product Vg=%15V, Tp=25C 2.7 4 MHz
e, Equivalent Input Noise Voltage TA=25'C, Rg=100Q, 16 nV/Az
f=1000 Hz
in Equivalent Input Noise Current T,=25°C, f=1000 Hz 0.01 pA/HZ
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AC Electrical Characteristics (Continued)

(Note 5)
Symbol Parameter Conditions LF353 Units
Min Typ Max
THD Total Harmonic Distortion Ay=+10, RL=10K, <0.02 %
Vo=20Vp-p,
BW=20 Hz-20 kHz

Note 2: For operating at elevated temperatures, the device must be derated based on a thermal resistance of 115°C/W typ junction to ambient for the N package,
and 158°C/W typ junction to ambient for the H package.

Note 3: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage.
Note 4: The power dissipation limit, however, cannot be exceeded.
Note 5: These specifications apply for Vs=£15V and 0°C<Ta<+70°C. Vos. lgand los are measured at Vem=0.

Note 6: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. Due to the limited
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient
temperature as a result of internal power dissipation, Pp. Tj=Ta*6,a Pp where 6ja is the thermal resistance from junction to ambient. Use of a heat sink is
recommended if input bias current is to be keptto a minimum.

Note 7: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice. Vg
= 16V to £15V.

Note 8: Human body model, 1.5 kQ in series with 100 pF.

Typical Performance Characteristics

Input Bias Current Input Bias Current Supply Current
T 1 1k T 44 T 1 [
100 |-Vg = -1V - 0" <TA<H+I0°C l
2 |-Ta=25C . Vg 15V 7 - 9
Z 80 = —_T [ £ )/ A \
B\ 4 -
z ~ = : / = P
& P & ! 4 Z 36
60 - = | < L~
= — 2 100 A g /
2 g — : 3
= 40 < 2 > %
[ = o
£ 5 = 5
T E “( 24
o 10 24
-1 -5 0 5 10 0 10 20 30 4 S0 60 70 0 5 10 15 20 25
COMMON-MODE VOLTAGE (V) TEMPERATURE { C) SUPPLY VOLTAGE (V)
DS005649-18 DS005649-19 DS005649-20
Positive (':or_nmon-Mode Input Negative Common-Mode Input Positive Current Limit
Voltage Limit ) Voltage Limit
S 15
20 W 20 —TT Z F— ‘ l
& oC‘sti«-g'WC 2 e 0C<TAC+I0C ‘5 NS —
R / Z
S 1 wz 15 = A
g2 ; / 5= / 2 10 5C
= 2= =
5 H H / s= = \ |
S5 10 o= / Z
W 22 2 0C 0°C
S / e | 2
< o< / | & |
S T P = S I
w3 / w3 -] l
E 5 | 2> / w
s ‘ = 3 ’ z T
& - =
g ! 2 / ; g 1
; ! : g 0
0 40
0 5 10 15 20 8 i i 50 " 20 g i o 3
OUTPUT SOURCE CURRENT (mA)
POSITIVE SUPPLY VOLTAGE (V)
IVE SUPPLY VOLTAGE (V] i
T NEGATIVE SUPPLY VOL 03025)54 . DS005649-23
9.
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National Semiconductor

LM359

Dual, High Speed, Programmable, Current Mode (Norton)

Amplifiers

General Description

The LM359 consists of two current differencing (Norton) in-
put amplifiers. Design emphasis has been placed on obtain-
ing high frequency performance and providing user program-
mable amplifier operating characteristics. Each amplifier is
broadbanded to provide a high gain bandwidth product, fast
slew rate and stable operation for an inverting closed loop
gain of 10 or greater. Pins for additional external frequency
compensation are provided. The amplifiers are designed to
operate from a single supply and can accommodate input
common-mode voltages greater than the supply.

Applications

General purpose video amplifiers

m High frequency, high Q active filters

m Photo-diode amplifiers

= Wide frequency range waveform generation circuits

m All LM3900 AC applications work to much higher
frequencies

Features

User programmable gain bandwidth product, slew rate,
input bias current, output stage biasing current and total
device power dissipation

High gain bandwidth product (Isgr = 0.5 mA)

400 MHz for A, = 10 to 100

30 MHz for Ay = 1

High slew rate (Isgr = 0.5 mA)

60 V/us for A, = 10 to 100

30 Vlus for A, = 1

Current differencing inputs allow high common-mode
input voltages

Operates from a single 5V to 22V supply

Large inverting amplifier output swing, 2 mV to Vec -
2V

Low spot noise, g nv/yHz, for f> 1kHz

Typical Application

Connection Diagram

0.5pF Dual-In-Line Package
e 1= T ©y
1.5k SET(QUT) Vourt B
0.014F —MW 2 13
Vout A= COMP B
g 3 12
COMP A — — v+
4
. 750 5 6ND A —71 A Ay J-‘—GNDB
IN
s v 5 10
100 uF NC = L— I |n(-)B
G —O touT §
206 7 ML Iin(+)B
12v O— AW
(A ISET(IN)
DS007788-2
DS007788-1 Top View
« Ay =20dB Order Number LM359M or LM359N
« -3 dB bandwidth = 2.5 Hz to 25 MHz See NS Package Number M14A or N14A
« Differential phase error < 1" at 3.58 MHz
« Differential gain error < 0.5% at 3.58 MHz
© 2000 National Semiconductor Corporation DS007788 www.national.com
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LM359

Absolute Maximum Ratings (note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Supply Voltage 22 Vpe
or 11 Vpe
Power Dissipation (Note 2)
J Package 1W
N Package 750 mW
Maximum T
J Package +150°C
N Package +125°C
Thrermal Resistance
J Package

Bja 147°C/W still air
110°C/W with 400 linear feet/min air flow
N Package

6,, 100°C/W still air
75°C/W with 400 linear feet/min air flow

Electrical Characteristics

Input Currents, l;(+) or lin(-) 10 mApe
Set Currents, lseran) OF lseTouT) 2 mApc
Operating Temperature Range

LM359 0°C to+70°C

Storage Temperature Range -65°C to +150°C

Lead Temperature

(Soldering, 10 sec.) 260°C
Soldering Information
Dual-In-Line Package
Soldering (10 sec.) 260°C
Small Outline Package
Vapor Phase (60 sec.) 215°C
Infrared (15 sec.) 220°C

See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering
surface mount devices.

ESD rating to be determined.

Isetany = IseToury = 0.5 MA, Vgyppy = 12V, T5 = 25°C unless otherwise noted

Parameter Conditions LLM359 Units
Min Typ Max
Open Loop Voltage Veuppy = 12V, Ry = 1K, f =100 Hz 62 72 dB
Gain Ta = 125C 68 dB
Bandwidth Rin = 1 KQ, Comp = 10 pF 15 30 MHz
Unity Gain
Gain Bandwidth Product Rin = 50Q to 200Q 200 400 MHz
Gain of 10 to 100
Slew Rate
Unity Gain Rin = 1kQ, Coornp = 10 pF 30 Vips
Gain of 10 to 100 Rin < 200Q 60 Viys
Amplifier to Amplifier f = 100 Hz to 100 kHz, R = 1k -80 dB
Coupling
Mirror Gain at 2mA liy(+), lser = 5 BA, T4 = 25°C 0.9 1.0 1.1 PAPA
(Note 3) at 0.2 mA li(*), lsgT = 5 HA 0.9 1.0 g HAUA
Over Temp.
at 20 pA I(+), Isgr = S A 0.9 1.0 1.1 UA/BA
Over Temp.
AMirror Gain at 20 pAto 0.2 mA I (+) 3 5 %
(Note 3) Over Temp, lger = 5 pA
Input Bias Current Inverting Input, T = 25°C 8 15 A
Over Temp. 30 HA
Input Resistance (fre) Inverting Input 2.5 kQ
Output Resistance loutr = 15 mAms, f =1 MHz 3.5 Q
Output Voltage Swing R, = 600Q
Vout High Iin(-) @nd l,(+) Grounded 9.5 103 \
Vour Low ling(=) = 100 pA, (+) = 0 2 50 mv
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Electrical Characteristics (Continued)

IseTany = IseToury = 0.5 MA, Voo, = 12V, T, = 25°C unless otherwise noted

Parameter Conditions LM359 Units
Min Typ Max
Qutput Currents
Source lin(-) and | (+) Grounded, R, = 100Q 16 40 mA
Sink (Linear Region) Veomp=0.5V = Vour =1V, [(+) = 0 4.7 mA
Sink (Overdriven) Iin(=) = 100 pA, In(+) = 0 1.5 3 mA
Vour Force = 1V
Supply Current Non-Inverting Input 18.5 22 mA
Grounded, R, =
Power Supply Rejection f =120 Hz, 1(+) Grounded 40 50 dB
(Note 4)

Note 1: “Absolute Maximum Ratings” indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
functional, but do not guarantee specific performance limits.

Note 2: See Maximum Power Dissipation graph.

Note 3: Mirror gain is the current gain of the current mirror which is used as the non-inverting input.
AMirror Gain is the % change in A for two different mirror currents at any given temperature.
Note 4: See Supply Rejection graphs.

Typical Performance Characteristics

Open Loop Gain
80

Open Loop Gain

Y,
70 70
7
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= ! 7/
2 w0 z 50 4
= s % 7 %
a 40 o 40
= & 7
= X S 30 Z // 7
=
g 5 LTas2sc g 5 |vt-wv %%
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10 fvestav 10 |RL =10k 7. //
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0 2 LB [} 3 1 1 / A
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LM359

Typical Performance Characteristics (continved)

Inverting Input Bias Current
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DS007788-45
Mirror Gain
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DS007788-48
Note: Shaded area refers to LM359

Supply Current

SUPPLY CURRENT (mA)
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Inverting Input Bias Current
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Supply Rejection

SUPPLY REJECTION (dB)
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Typical Performance Characteristics (continued)

Output Impedance

Output Sink Current Output Swing
10 - T T 2
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Maximum Power Dissipation
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Application Hints
The LM359 consists of two wide bandwidth, decompensated
current differencing (Norton) amplifiers. Although similar in 120 ‘
operation to the original LM3900, design emphasis for these L Le3s7
amplifiers has been placed on obtaining much higher fre- 4 \
quency performance as illustrated in Figure 1. & L
b aE A | \ - N\
This significant improvement in frequency response is the G, N LM359
result of using a common-emitter/common-base (cascode) = 60 T30 \“\ N
gain stage which is typical in many discrete and integrated < N N
video and RF circuit designs. Another versatile aspect of 0 \\ N
these amplifiers is the ability to externally program many in- 20 N \
ternal amplifier parameters to suit the requirements of a wide \ \\
variety of applications in which this type of amplifier can be 0 AN
used. 10 100 1k 10k 100k 1M 10M 100M 16
FREQUENCY (Hz)
DS007788-6
FIGURE 1.
DC BIASING

The LM359 is intended for single supply voltage operation
which requires DC biasing of the output. The current mirror
circuitry which provides the non-inverting input for the ampli-
fier also facilitates DC biasing the output. The basic opera-
tion of this current mirror is that the current (both DC and AC)
flowing into the non-inverting input will force an equal
amount of current to flow into the inverting input . The mirror
gain (A)) specification is the measure of how closely these
two currents match. For more details see National Applica-
tion Note AN-72.
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