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Fahatuun ( single - mode optic fiber ) dadtyoyrouden 3 1aedtyqn Toefl 1 dadoyournuda
WALLUA ( base band ) uazdn 2 faadtyry ot dauun usaauLuA ( broad band )iaelda9as
nagalnas ( Modulator ) uﬁqmn&u‘muﬁmmqmﬁ"a 3 1adtyqyrulntvas dasndnised
( Multiplexer) udadtyynadlrfinfilfasgndsluulasdudeyinuasisn LEDuazgndadndu

lauaq

ABSTRACT

This report presents a design of audio signal the transmission via the optical fiber by
using of LED (light source ) and photo diode (PD) light detector which have 620nm
wavelength. The LED and PD are matched each other and all of them are in module package.
The optical fiber is single - mode fiber. The 3- audio signal channals are transmitted,
the first channal is transmitted in baseband frequency and the second channal is transmitted
in broad band frequency by the modulator . After that the third channal is multiplexed at the
multiplexer and this electrical signal will be converted to be light signal by LED and is

transmitted through the optical fiber cable.
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— nnTendarsudngUnIaiiuua

24



25

=~ 3]

dwiugUnsoifuuasfidudaiuiugunsninnliauasinaranudniuAemsideusaniy

+
o~ ~ -t

Wulauaadluasddsenaudandusuninluniseenuuussuunisdsdnsmadulanss uasiiimu

&

mantudulouae lunsdingnideseenidluainiaanyasreadulawaniuivacgnldas
aanllandanadulauasludnsusiianundwindidsariud NA raadulauas doawmniiiie

fazinnisdensequnraifuuaadriuidulauas azdavinligunraliuuasegindiudaneres

'
-

] v v 1
dulaiaaliunnigavinfiasinld vielisthaiuniiigunsolfuuasiinuifuuastannn due

1]
- o

quf_Tna'N%’uumwwwmoﬂ’oﬂm'mL’T’Q@,«fu Tnenialudeeldutihaudnanelszanns 100
Tulanwas fofudadaeiianemuuadiuiduiutanld rod lens (audRfidenziuuvianay
219) e ¥hauihgunsnfuuss Weimifisuuadideneanuianidulowasliuniduiy
uas gaegunsaifuuas rodlens wazgUnsalfuuasszneuiidudnaiuiidant

Tuagagunraifuuas (module )
SN

Supply Voltoqéf T Flectric outpuc
St

——ANW——

nazud

! Electrode-
Electrode: : :

Light (@) wd¥nnanivauluniaiunay

input

§§

L

k connucTION
BAND

1

{

I & diaAnsou
!

{

0 Hole

ey Light input

VALEMCE (b) ==zAundvvnu
2AND

al#i2. 18uanmannmitnumMsiuuauazssAunaueasiuininlaten



‘ 26

Electric output
Supply Voltage T
EMIH “NMA-
1

N

nszuaj P+

[ ]
L Electrode
Electrode o4 N o | ® o
o c®
. . ° 103 ® .QP. . . . .
Light input ~~~LR ) . (a) n¥nnvanvnuluniaiuusy
o

o

A7

[ ]

[}

[ ]

.

-]
Pz

® Electron

i
|
|
l
{

CONDUCTION BAND
A

O Hole

VALENCE

BAND (b) 1zAundNvIU

Havvu

Light
input

77 2.19 uaAmMANNITM UM TFIUALATTEALUNAI L8 APD



undl 3
NITATUIULAZNTHIS
lursiunnssansdulons  wuewnden delszneu AENAMNNNARY UAT NATU
nelulaseaudl ez Wumsdedtyqnudies 4ou 3 deadtynynn Faanqazanann ulnsiry

Lt « o - ]
vitequnsal Andiade s 1

Tudesdtyyrnu@en Teausn aziamsdaunuuaiiud doyyiondeddedi 2 wavdedn

3 azvianirdeuuy usaauuus Taedtyyindesh 2 asgn deagadu iy uanilfqadan
( Amplitude modulation ) Faflumsfiaann wewldan  hAomd 10 kHz uasdedoyeyinun
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7117 3.1 uama alsnAFi LuNUAAD 184 dryoyroaia 3 da
3.1 aUnsalmesuniade  anlsznaudas
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suludadnunavdnaigy safiudezy ¢ i iidulnifsanGinefazazamlszasiouda

AMNATUNIU Ra Uae Rb aunsenatiauseduanasanilAn 2/3 Vee aznnliasassidafnauna

28



sumafnszfunaatnaeliegmeluiled uar fualidaiudizq C aedseqdan Rb us
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qrgnnsruuasEuiviureInariuianaf dsgl 3.4
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C fATzui2/3 Voo war 1/3 Voo AuAdy Ananfiieniynaasasasaziidl High lu
A C fianafunlezq Sed 1t Ae dasnenfewinnildnangs iy
t1= (Ra+Rb)Clog,{(Vcc-2/3Vec)/(Vcc-1/3Vee)} (3.1)
Wia  t1= 0.6936(Ra+Rb)C Aufl (3.2)
uazAnaRewimasiiddnlutusiicn ¢ Ranateisze S8 2 Wudasnand
wiAnansia ety
t2 = 0693Rb*C (3.3)
d99198199Nd TN TazaNuaTAELTEAiAe
T=t1+12 =0.693 (Ra +2Rb)C AU (34)
fadn T AR da9n1ANNTTaNTad 1 qnﬂﬁ'u faduagniresiad vy

f = 1/T = 1.443/ (Ra+2Rb)C Hz (3.5)

v
[ R |

uaziAn AadlaiAa ( Duty Cycle ) gnilenudn Ae dmsndausastasaaiiieyinndndga

V1A1TINRT 1 gnAd Fauunudog D uda

duty cycle D =t1/T = (Ra+Rb)/(Ra+2Rb) (3.6)

Faazuiudn At Nd NIy Ra war Rb azdludan vunasn duty cycle asdauidu

naw oagUl 3.5
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T lularaauil sasnisiaslidn duty cycle Aty 50 % Rarfesadeansiv 3.5 titae

TunrrAuanuazeanuuLIeasine A9l
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3.1.5 NRFUEEURTIN ( Summing Amplifier )
247 ananarni adldlune sudyin Msudesdygalidaaiy efiazdasia
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fmun 1, Aldlwsaslanined {u 30 mA.
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- WuUANIENALARS 10 kHz Mesusy
BPF 10 k #af) 'l‘ﬁ‘lum?n?md’tycyﬁmuﬂﬂqwf’u fiflaadindunmztlszn
10 kHz ﬂanmnﬁ’tytyﬁmﬁ'ﬂﬁtwﬁniﬁmuLmd’cytyﬁmﬁ’q 3 109 Afudan Tng BPF dafl Azl
wuusAndndundmnduds nefluuumndlssnn 7 kHz %w’fmmfaumuﬁqﬁ’tytmmé'ﬂ
wafuazlameslamuuumliidvamnmn 6nﬁ’qﬁqq:ﬁm"lﬂ%’uLmeftyry'lruﬂnn‘ﬁmf‘i'u'lﬁ’tﬁﬁmmu
-
Tnelulaseend Ideanuunlusiasteeinafauuns ( Guard Band ) fal¥#as
Uszuiw 3 kHz %mqq:uﬁnwaéwi’um?‘lu"lﬁ’tﬁmmﬁ‘umuﬁumﬂqﬂmﬁhq'] n1saanuuy e
BANUULNATULUANIANARRFULL second order VCVS wuusmiafawmes  aaldvinnisaan
uLuRMRAe Manual Active Filter Design Adti
NTAENAT K ananse-4.11 ¢ Taendendn C fidn wiaiu 0.001 lulaswnga 18dn
K fid1 wiaiu 9
INATN 4.13 azlAAN Q =3, BW =0.33 Fo, gain= 7.5
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20K
R |
o ] l
0.001u e

K3
a001u i‘: ?& 75K,
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RINTURLIAT R1, R2 , R3 1ol 27 kQ2, 550 2, 110 kQ)
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NITNTAIAMND AU (LPF) f, = 3.4kHz

b e

wdsann 7 Fryornufinuaiiseins Taatw wastnauds feanduneut auily
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FNTNN 4.1 UAAITEALANAWINNGN 7 A NDRN

WDIULUNARARRT f, = 22kHz naAufy

AN (kHz )

WY (V)

\@Yiwn ( 10log V)

265
26.0
25.8
25.4
25.0
24.6
24.4
24.2
24.0
23.7
235
232
23.0
228
226
22.4
222
22.0
21.8
216
212
21.0
20.7
20.3
20.0
19.7
19.3

935m
1
1
890m
890m
980m

1.00
1.07
1.5

1.7

1.9

1.9

20

2.19
2.35
2.5

2.60
2.56
2.53
2.50
2.33
2.37
2.26
2.12
2.18
2.16

-0.21
0
0
-0.5
-0.5
- 0.087
0.45

0.29
1.76
2.30
2.78
2.78
3.01
3.40
3.17
3.98
4.15
4.08
4.03
3.98
3.67
3.74
3.54
3.26
3.38
3.34
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m'mﬁ (kHz)

@iwn (V)

181%im (10log V)

19.0
18.7
18.3
18.0

2.19
2,12
1.95
1.79

3.40
3.26
2.90
2.50

ANTNA 4.2 UAAITEALANINNENT 7 AAINDANG

teauuunaiawmes f, = 11kHz nasuiu

AND (kHz )

@wn (mv)

1@1Yimm ( 10log V)

15.0
14.8
14.5
14.2
14.0
13.8
13.5
13.2
13.0
12.8
12,5
12.2
12.0
11.8
115
11.2
11.0
10.8
10.5
10.2
10.0
9.8

20
209
218
234
240
246
262
285
291
312
337
359
378
400
428
462
478
487
496
490
478
456

-6.99
-6.80
-6.62
-6.31
-6.20
-6.10
-5.82
-5.45
-5.37
-5.06
-4.72
-4.45
-4.23
-3.98
-3.39
-3.36
-3.20
-3.12
-3.05
-3.10
-3.21
-3.41
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AT ( kHz )

@YW (mv)

181"y (10log V)

9.5
9.2
9.0
8.8
8.5
8.2
8.0
7.8
7.5
7.2
7.0

428
381
371,
346
300
268
259
250
212
190
180

-3.69
-4.19
- 4.31
_461
-5.23
-5.72
-5.87
- 6.62
-6.74
-7.21
-7.45

AT 4.3 UWAAITEALANBYIYNEN 9 iraKdsing 4

aalanmafames f, = 3.4kHz Ny

ANNTG (kHzZ )

YN (V)

\21YYM ( 10log V)

0.05
0.2
0.4
0.6
0.8
1.0
1.3
1.6
2.0
2.2
2.4
2.6

7.3
7.25
7.25
7.18
7.19
7.125
7.00
6.78
6.53
6.34
6.15
597

8.63
8.6

8.6

8.56
8.56
8.53
8.45
8.31
8.15
8.02
7.88
7.76

49




mmﬁ (kHz)

1B (V)

\81YiWm ( 10log V)

2.8
3.0
3.2
3.4
3.6
3.8
4.0
4.2
4.4
4.6
4.8
5.0
54
6.0

5.8
.5.46
5.28
4.75
4.50
4.30
4.18
4.06
3.7
3.59
34
3.2
29
24

7.63
7.37
7.34
7.22
6.76
6.33
6.21
6.08
5.68
5.55
5.31
5.05
4.62
3.80

AT 4.4 UAAITEAUANENTHNA ] NANDANN

TBIULUNIARAART f, = 10kHz NeAuEa

AT (kHz) BN (V) \@1viwn (10log V)
14 0.28 -4.47
13.5 0.4 -3.98
13.0 0.56 -2.52
12.5 3.0 477
12.0 3.4 5.31
115 3.6 5.56
11.0 3.8 5.80
10.5 4.0 6.02
10.0 3.9 5.91

9.5 3.5 5.44
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AT ( kHzZ)

W (V)

12¥Wn (10log V)

9.0
8.5

8.0

7.5
7.0
6.5
6.0

2.4
2.3
2.0
1.7
1.6
1.0
0.8

3.8
3.6
3.01
2.3
24
0.0
-0.97
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MC1496 -
MC1596

—

Specifications and Applications
Information

BALANCED
MODULATOR/DEMODULATOR

BALANCED MODULATOR! DEMODULATOR

. . designed for use wnere the output voltage s a product of an
input voltage (signal) and a switching funcuion {carrier). Typical
applications inciude suppressed carrier and amptitude modulation,
synchronous detection, FM detection, phase detection, and chopper
applications. See Motorota Apphication Note AN-531 for additionat
design informatien,

e Excoilent Carrier Suppression — 65d8 typ @ 0.5 MH:
- 5008 typ @ 10 MH:

Adjustable Gain ana Signal Handling

8alanced Inputs ana Qultputs

High Common Mode Rejection — 35 d8B typ

[

SILICON MONOLITHIC
INTEGRATED CIRCUIT

G SUFFIX

G METAL PACKAGE
,/,f‘;@' o CASE 80304
oy -
¥ ,,7 Ves
10/ + Signal ~ Qutout
1 .
Input — Carrier

U
{3y Yo input

FIGURE | -
SUPPRESSED-CARRIER
QUTPUT WAVEFORM

=
I
]
llﬂ

E FIGURE 2 ~

SUPPRESSED-CARRIER
SPECTAUM
FIGURE 3 -

AMPLITUOE -MOOULATION
QUTPUT WAVEFGRM

Gain Adjust )
8T Carner |
Gain Adjust ‘q o~ nput =
A L]
- Signal tnout “~~ - Gutput
‘Bias tTop View)
i
L SUFFIX .

CERAMIC PACKAGE
CASE 532-08

PLASTIC PACKAGE ,4@

CASE 751A-02 !

O SUFFIX

S50-14
; P SUFFIX
! PLASTIC PACKAGE
v CASE 546-08
- Signal
input C/'j- m Veg
Gain Agjust E e
. ! —
Gain adjust mm ~Dutoul
- Signal ] TINC
l%?:s( 2 A —~ CarrierInput
+ Output = 'E“icc.amer
‘ NC -——-——-’2 lnput {Top View)

FIGURE 4 - AMPLITUDE-MODULATION SPECTRUM

T &
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TYPICAL CHARACTERISTICS {continued)

FIGURE 21 — SUPPRESSION OF CARRIER HARMONIC
SIDEBANDS versus CARRIER FREQUENCY

FIGURE 22 — CARR!ER SUPPRESSION
versus CARRIER INPUT LEVEL

2 ° : 1 0 T
= ‘ = 1
Z T g 10 -
< f = T T
Q= i Heeig ! =} \
=350 —t & 0 1
23 ' el 1 a ] .
=z g i | - = 1 v
CEE ! | § 30 i fe 2 10 MK
e a t
S 3 P . H Aczls ! ) s 10 ( ‘ ! /_: !
S0 = LT S —~_ | i LT i ‘ |
zZ L ! Acz Ag L T S C N T T AT e gGens
3 ; T 3 - 1
a3% R I LT 4 N1 71 (
I ] il 1] > sl | NS 7 i ]
£ NT——=T] ] ) U i T
“ ] 5 ! [ N ; ! T T H ,

m | 10 i i

a6 01 as 1.0 e 10 50 0 100 200 300 09 500

tc, CARRIER FREQUENCY tMm,) VC. CARRIER INPUT LEVEL (inV{ensi )
’
OPERATIONS INFORMATION e,

The MC1536/MC 1458, a monoithic balanced modulator crr-
cuit, is snown 1n Figure 23,

Thes circust consisis of an upper quad differential amolifier
driven by a3 siancara ditferential amphitier with aual current
sources. The output collecters are cross-counied so tnat fuilwvave
Balanced muitiotication of the two nput voitages occurs. That s,
the output signal 1s a constant imes tne product of the two inout
signals.

Matvematicat snaiysis of linear ac signal muitiplication wndi-
cates that the output spectrum wirl cansist of only the sum and
ditference of the two input frequencies. Thus, the device may be
used as a Lalancea moguiator, oubly batanced mixer, product
Qatectcr, frequency gouolef, and otner applications requicing
thesa pariicular ouiput 5ignal characteristics,

The lower ditferenual amplitier nas its emitters connected to
tne package pins sO that an axternat emitter rasistance may be
used” Also, zxternal 10ad resistors ire employed at the device
output.

Signal Levels

The uoper quaz citferentdal amplifier may be operated erther
'N 3 un=ar or a satusated mege. The lower dilferential amplifier
1S 0perated in a linear mode for MOst aophications.

For low-level ourrtion at bath input ports, the output signal
will contain sum ang dilference frequency components and have
3 amolitude wiien is a function of tne product of the 1INEUL signat
ampiitudes.

For nigh-leve! operation at the carrier input part ana linear
opefation at the modulating signal port, (he outpul $ignal wiil
condain sum ana gifference frequency components of the modu-
‘ating signal irequency and the fundamen@l and odd harmonics of
the carnes frequency. The oculput amphtude wiil Le a constant
trmes tne modutating signal amatiwae. Any amphituce vartations
!N the carrier signat wiil not appear in the ouiput.

FIGURE 23 - CIRCUIT SCHEMATIC
BE
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FIGURE 24 — TYPICAL MODULATOR CIRCUIT
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NOTE

Pin numoar (eterencaes pertain 1o (s cevice whan pacxaged in a metai can. Ta ascertawn the cCOrresQoOnNing pin
AUMBErs 1ar PIASIIC OF CATAMIC PACKIQUD Caveices ratar to (he first 0age at nis spacification sneet.
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.20 y - 0
= LTI UIII[ | il acaa| TT]]] - T IERRRIH R ARl :
3 O . r— R,=‘00'.: 2 I 1 T T I
2 IR ] HITTH | | | A ; ’
A amailiva iy immuarii AT N ==
[ \ < T 71T
3 R I EERTS L T <
2 ! AL=13% (Sunawd [Hr/T\I\\\f | 32 L R !
= ¢ T Re= 1k Tewt Ciccuit) TR = Js:lfr 5 T | ZZ bl e N 7 T
2 PRI by Ree2k i AR gz (1 P AT —T 7111 {
E IREALS T ! iy | ,l ‘] T :;2 ’ I i 'F T {'[li [
R A 3 S=MTq REFITE
- H i ! ) - : HER B
- - Hi RL":OOKZI : iITNL :iso Ty L .,lr“/ i T
2 20 IWC"O‘EWC»H Retlt i \J\ 25 | u'- Ll
& - T T 1T 1 Y @ C T TTIL T
@ R Ay e AL L1 g s - ,/'[/,r""‘(c -
< H Vi T g I T LT 1
-10 | Py i'LI: AT R IR AL T I — 77T [
tor 9.1 10 10 100 905 Ol a5 10 50 1g

TYPICAL CHARACTERISTICS (continued)

Typical chnaracteristics wore 0D1aINed with circuit shown 1n Figure 5, fc = 500 kHZ {sine wavel,
Vg =60 m\'l(rm:l. fg= 1 xHz, Vg =300 mV{rms}, Ty +259C unless otherwise noted,

FIGURE 15 — SIDEBAND AND SIGNAL PORT
TRANSADMITTANCES versus FREQUENCY

t FREQUENCY [MH2)

FIGURE 19 — CARRIER FEEDTHROUGH versus FREQUENCY

VCEY, CARRIEA DUYFUT VOLTAGE (mV{ins))
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FIGURE 16 - CARRIER SUPPRESSION

versus TEMPERATURE
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FIGURE 20 — SIDEBAND HARMONIC SUPPRESSION
versus INPUT SIGNAL LEVEL

o

~r .

o

JiF U

. !
! i
N '

~
(=3

[y
1=

CARRIER SIBEBAND (¢B)
-
o

50 .
) [ e
i 1 i . -
1 — T T i
! 4 I } | |
a0 : : ! :
1 00 <00

YS. INPUT SIGNAL AMPLITUQGE (mv|rmsi)




FIGURE 9 -~ COMMON-MODE GAIN

TEST CIRCUITS (continued)

FIGURE 10 — SIGNAL GAIN AND OUTPUT SWING

vee vee
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TYPICAL CHARACTERISTICS (continued)
Tyopical cnaracteristics were obtained with circuit shown in Figure S, te = 500 kM2 (1ine wavel,
Ve " 60 mVirms), 1g 2 1 krz, Vg = 100 mV(rms}, T)A + +25°C unless otnerwise notua.
FIGURE 12 ~ SIGNAL-PORT PARALLEL-EQUIVALENT
FIGURE 11 ~ SIDEBAND OUTPUT versus CARRIER LEVELS

Vg, DUTPYT AMPLITUDE OF EACH SINEBAND (Viins})
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FIGURE 13 — SlGNAL-POR/PARALLEL~EQUIVALENT
INPUT CAPACITANCE versus FREQUENCY
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APPLICATIONS INFORMATION (continued)

Douply Batancad Mixer
Tne MC1536/MC1496 may Le useu us 3 doubly dalanced
miIxer with either broadnang of tunec narfow Dand 1Npul and

OulpUl NEtwWOrKs,
The locar oscilistor signsl is introquced 8t the carfler 1nput
port with o recommendea amolituge ot 100 mV(irms).
Figure 30 snows a mixer with a broagoand input and a tuned

outpul.

Frequency Doubler

Tne MC1586/MC1498 will ooerate as a frequency doutier by
Introgucing the same frequency at both \nout ports,

Figures 37 and 32 show a Droadnanc trecuency aouoler ang a
tenedg outbul very Mgh trequency (VHF) scoubler, resoectivelv.

Phase Detection and FM Datection

The MC1596/MC 1488 well tunction as a ohase detector. High.
level input signais are in1r00uceo al DO INDuUIS. When boin inputs
are at the same frequency ihe MC1596/MC1498 will gehiver dn
output whicn 1s a funclion of the phase diterence belwseen ins
tewwO INOUL Signals. .

An FM detector may be consirucied! bv using the ohase cerec-
1or prnciple, A tuned Sitcudd 15 w3t At one ol tne npLts to
Cause the two npul s1gNais 1o vary «n DNAsE a5 b lunction of fre-
auency, The MCT1596/MC 1296 wul tnen prowce an outoul whien
s a lunction of ine 1nout s1gnat frequency

NOTE

¥
i
L

Pin numoer reterences Dertain 10 tNis Gevice whan DuChavyer 1n & matal can
NUMOers 10r Plashic &7 Ceramic DICANQuO OeVICKS feier 1Q INE 1173 DGR OF tNIS SOCCIHICINION SR mat,

T3 ascertamn tne COrresooncing oin

TYPICAL APPLICATIONS .

FIGURE 26 - BALANCED MCDULATOR
{r12 Vac SINGLE SUPPLY)
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Note 9 — Coupling and Bypass Capacitors CyandCy

Capacitors Cy and Cy (Figure 5) should be selected for a re-
actance of tess than 5.0 otuns at the carrier frequency.

Note 10 — Output Signal, Vo

The output signal is taken from pins 6 and 9, either batancea
or singie-ended, Figure 12 shows the ou tput levels of each of the
fwo oulput sidebands resulting from varnatons in both the car-
riel and modulaung signal inputs with a single-ended output

connection,
Note 1T — Negative Supply, Vgg

VEE should be dc only. The insartion of an RF choke in seres
with VEg can ennance tne stabuity of (he internal current sources.

Note 12 — Signal Port Stability

Under certain values of driving source impedance, oscillation
may occur. In this event, an RC suppression network snouid be
connected directly to each input using shart 1eads. This will reduce
the Q of the source-tuned circuits that cause the oscillation,

SIGNAL INPUT

{PINS 1 & &)

o— AAA
510

10 pF

1)

An alternate method for low-frequency applications is to insert
3 1 kohm resistor in series with the wputs, pins 1 and 4. in thig

case input current drift may cause serious o2gradacon of carrier
suppression,

TEST CIRCUITS

FIGURE 5 - CARRIER REJECTION AND SUPPRESSION
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GENERAL OPERATING INFORMATION *

Note 1 — Carrier Feedthrough

Carrier feedtnrough is defined as the output voltage at carier
frequency with only the carner applied [signal voltsge = O}.

Casrier null 13 uchisved by balancing the currents in the differ-
ential amplitier by means of a bias trim potentiometer (R of
Figure 5}.

Note 2 — Carrier Supprassion

Carrier suppression is defined as the ratio of eacn sideband out-
put to carrier ouiput for the carrier and signal voitage levels speci-
fied.

Carrier suppression 15 vary dependent on carner input level, as
shown in Figure 22, A low value of the carrier goes not fully
switch t(ne wupper switching devices, and resulls 'n lower signal
gain, hence lower carner suppression. A higher than optimum car-
rier 'evel resulls in unnecessary device and circuit carrier feed-
through, which again degenerates the suppression higure. The
MC 1596 nhas been characterized with 3 60 mVirms! sinewave
carrier input signal. This level provides optimum carrer suppres-
sion at carner frequencies 1n the vicinity ol 500 kHz, and s
generaily recommended for balanced moduladtor sophcations.

Carrier teedthrough is independent of signal level, Vg. Thus
carrier suppression can be maximized by operating with large sig-
nal levels., Howewver, a linear operating moage must be maintained
10 the signalinput transistor pair — or harmonics of the modulating
signai wiil e generated and appear in the device oulnut s DuUrous
sidebands of the suppressed carrier. This requirement places an
upper lirmit on input-signal amplitude {see Note 3 and Figure 20).
Note also that an opumum carrier level is recommenoced in Fig-
ure 22 for gooa carrier suppression and mMiniIMum sSpurious side- -
bana generation.

At higher frequencies circuit [ayout is very tmportant in ocder
ta munimize carrier feedthrough, Shietding may be necessary in
order 10 prevent capacitive coupling between the carrier input
ieads and the Outpul i¢ads.

Note 3 — Signal Gain and Maximum lnput Level

Signal gain (single-ended) at low frequencies s gefined as the
voitage gain,

Vo AL 26 mV
AVS " Vg “Ho T 2rs VM e T i mA)

A constant cc potenual is applied to the carner inOul terminals to
fully switch two of the upper tranusiors “on’* and wo Iransistors
“off” (Vo = 0.5 Vdc). This in effect forms a cascoce aifferential
amptifiee,

Linear operation requires that the signal input De Dalow 3 criti-
cal value determined by Rg ana the bias current Ig

Vg < i5 Rg{Voits peak)

Nate that in tne test circuit-of Figure 10, Vg corresoonas to 2
maximum value of 1 voit peax. -

Nots 4 - Common-Moda Swing

The common-mode swing is the voltage which may be applied
to both bases of the signal differeatai amphifier, wmithout saturating
ne current snurces or withou( saturating the difterential amphiier
itself by swinging it into the upper switching devices. This swing
is variadla depenging on the particular circust and diasing conai-
uoas cnosen {see Note 6).

Noty § — Power Dissipation

Power distipation, Py, within the integrated circuit package
shouild be catculated as the summaton of the voltaga-current prog-
ucIs at each port, i.e. assuming Vg = Vg, Ig = Ig = Ig ana gnonng

base current, Pg = 2 15 (Vg = Vgl + Ig (Vg — Vo) where sub-
scripts reler to pin numoers.

Note & — Design Equations .

The following is a partial list of design equations needed to
operate the circuit with other supply voitages and input condi-
tions. See Note 3 for Ry equation.

A. Operating Current

The internal bias currents are set by the cond:tions at pin 5,

Assume:

g =1ig=lg
tg<<lg¢ for ail transistors

then:

Rg = :-/+£ -500 2  where: fg is the resistor Detween pin
S S and grouna
©20.75Vat T - +25°C

The MC1596 has been characterized for the conaition ig = 1.0
MA ana s the generally recommended value.

8.sCommon-Mode Quiescent Quiput Voltage

Vg=Vg=VT —IgR. ‘

Nota 7 — Biasing

The MC 1596 requires three dc bias voltage leveis wnich must be
sat externaily, Guigelines for setting up tnese three levels include
maintaining at least 2 volts collector-base Diuas on 2ll transistors
while not exceeding the voitages given in tne adsoluté maximum
rating ranle;

30 vde 2 {{Vg, Vgl = (V7,VgH = 2 Vae
30 Vac 2 [(Vg, Vgl =V, Vall 2 2.7 Vdc
30 Vde 2 {(Vq, Vel = (Vg)] 2 2.7 Vac

The foregoing conditions are based on the ‘ollowing 3oproxima-
tions:
Vi =Va

Ve = Vg, V7= Vs.

Bias currents flowing into pins’ 1, 4, 7, and 3 are transistor base
currents and can normally be negtectad f external Dras divigers
are designed ta carry 1.0 mA or more.

Note 8 — Transadmittancs Bandwidth

Carrier transadmittance bandwidth s the 38 bangwiath of
the devica forwerd transadmittance as aelined by:

ig {each sideband)

y21¢c *® vg (signall Vg =0

Signal transadmittance bandwidth is the 3-8 bandwiath of the
device {orward transaamitance as aefined by:

i {signal)
Y215 * Y Tsignal)

V=05 Vde, Vg =0

*Pin aumber references pertain (0 this gevice wnen packaged in a
metal can. ToO ascertain the corresponaing pin aumbers for plas.
uc or cergmic packaged devices refer to the first page of this
soeciticauon sheet.
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TYPICAL APPLICATIONS (conuinued)

FIGURE 20 — DOUBLY BALANCED MIXER
(BROADBAND INPUTS, 9.0 MHz TUNED QU TPUT]
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OPERATIONS INFORMATION (continued)

Tne linear signal handhing capabtlities of a differential amphifier
are well defined. With no emitter degeneration, the max:mum
input voltage for- linear operauon 1s anproximately 25 mvV peax.
Since the upper ditferenual amplifier has its emitters internally
connected, thus voltage apphes (0 the carrier input part for ait
conditions.

Since the lower dilferential amphfier has prowisions for an
external ametter resistance, ts hnear signal hanaling range may he
Jajusted Dy (he user, The maximum invut voitage for hinear of-
eration may be approximated from :ne foilowing cxoression:

v '-l:’ 5" (ag)volls peak.

This 2xpression may be used 10 comoutle the mraimum vaiue of
Re tor 3 given input vottage amplituue.

-

FIGURE 25 - TABLE 1
VOLTAGE GAIN AND QUTPUT FREQUENCIES

Carrier input Aopproxumale Output Swgnat
Signat (Vg) Voirage Gain Frequencyts
T T

AL ve : .
Low-levet dc w1y ™
ARz - 2rgi (Z1)
=) o3
i
| A
Hign-ievei ac Fyarevay aq
£ =Te
R Veems)
Low-level ac i = fe =fas
! S, KT ' e
P2y =—)tRe * 2ras
|2 (= |
|
0.537 R ~ = I~ =t
Hign-level ac > L b fozta dic in
Reg - 2re l Sic =,
1 i

. .

The gain trom the modulating signal 1NPUL NOrL (O the OUtPuL 15
the MC 1596/MC1496 gain parameter which is most often of interest
1o the designer. This gain has significance only when the iower
dilferential amphlier 13 operated in 3 hinear mode, Dul ths Includes
most apphcauons of the gevice.

As previcusly mentioned, the upper quad differential amgifier
may be operated etther «n a hnear or 3 saturated mode. Approxi.
mate gain expressions have bceen developed !or tne MC1SS6/
MC 1496 lor a low-level modulauing signal 1nput and the {ollowing
carrier input congihions:

1) Low-leveldc
2} High-tevel dc
3} Low-level ac
4) Hign-igvel ac

These gains are sumnwriced in Table 1, along with e fre.
guency components coniz.ned 10 the outlpul ignal.

NOTES:

1. Low-ievel Moaulating Signat, Vi, 3ssumed in ail cases.
Ve 1s Carrier Input Voltage.

2. 'When the output signal contains multiole trequencies,
the gain expression given 13 10r tNe outpuf amphitude ci
each of the (wo desiced ouiputs, IC = tag anc I - ‘s,

3. A gain expressions are for a singte-enaed ouiput. For
a-differentiat output connection, Muiliply 23Ch 2xoras.
$10n Oy two. .

4. A * Loua resistance,
3. Ag * Smutter resistance between oins 2 and J:
5. re = Transistor dynamic emitier resistance, at +25°C:

. _26 mV
e ™ T Tmal

7. X = Boltzmann's Constant, T = ramoerature 1n qegrees
Kelvin, g = the charge 0n an electron. .

=2 26 mV 3¢ room temoeraturg

2|3

APPLICATIONS INFORMATION

Oouole sicenana suppressaa carcier moculation s the Dasic
apphication of tna MC1596/MC1496. The suggestaa zircud for
s apphication s shown On the iront page of trws GQata sneer

la 3ome Jophcations, it may Le necassary (0 ooerate the
MC 1596/MC1496 with a single ac supply voltage mstead of Qual
supones.  Figure 26 snows 3 Dalanced MoOCuI3IOr Tesignea for
operanon witn a singte »12 “/dc suoply. Pertormance of this cir-
Surhas semuidar 10 that of the duel suoply MoQuiator.

AM Modulator

The circutt shown in Figure 27 may be usad as an amatituae
MOdutator with 8 minor moaification.

All (nat is required (o snilt from suporessed carrier ta AM
Jperaton 18 10 aqiust the carrier nuil polentiometer 10r the Droger
3mount B carner inseflion 1 the oulout signat.

However, tna suoEressed carriee nuil CirCuitry d4s snown 0
Figure 27 coes not nave sutticient agjusiment range. Thereiore,
the moduiator may be modilied ior AM ooeranon Sv cnanqing
WO resistor vatues i the nuil Circust as SNROwn n Fgure 28,

Product Detector

The MC1556/MC 1496 maxes an excellent SS8 procuct catec-
tor tsee Figure 29).

This proguct getector nNas a sensitivity of 3.0 microvotts ana a
cynamic range of 30 a8 wnen operating at an intermegiate fre-
quency of 9 MHz.

The getector 1s broaaband for tne entice hign frequency range.
For coeranon at very iow intermediate trequencies down o S0
«Hz the 0.1 uF capacitors on pins 7 and 8 snoud be increased w
1.0 UF.  Als0, the output filter at sin 9 can oe tailored 10 a
soecific intermeaiate frequency and audio amphfier wnput m-
cedance. <

As in all zophcatons of tne MC1536/MC1496, the amitrer
resistance between pins 7 and 3 may De increased Or decreased 10
acgjust circurt gain, sansitivity, and Qynamic range,

Trus circunt may also be usea as an AM detector by intretucing
carrier signail ar the carner wnput and an AM signal at the S33
noult, ‘

The carner signai may te derwved from the ntermechate ire-
quency signat or generated locally. The carner signai may be n-
troguced wilth Oor withou! mogulation, provided s level 8
sufficiently nign ta saturate the upper quaa citlzeantial amgiifiel.
't the carner signat 1s modulated, a 200 mVIirms) input lavel s
recommendeaq. .
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MAXIMUM RATINGS®*(To = +25°C uniess otherwisa noted)

: Rating Symbol Value Unit
Appued voitage v av 10 vde
[ Vg - V7, Vg - Vi, Vg '~ Vg, Vg - Vg, V7 - Vg, Vg - Vy,
Vg -~ V4, Vg = Vg, V2 ~ V5, Vg - Vg)
Oitterential input Signal V7 - Vg +5.0 Vde
Vg - V3 =(S+igRe) :
Maximum Bias Current i 10 mA
Thermat Resistance, Junction to Air Rgya ‘oW
Ceramic Duat In-Line Package 100 ‘
Plastic Oual In-Line Package 100
Metal Package 160
Operaung Temparature Range Ta . . ’ ‘c
MC1496 Oto +70
X MC1536 e -5510 +125 e
< T
Storage Tempera(ure"ﬂange Tstgq { -850 » iS50 °c
ELECTRICAL CHARACTERISTICS® (Vee = +12Vde. Vg = -3.0Vde, Ig = 1.0 mAdc, R = 3.9 k01, Rg = 1.0 k(1.
TA = *25'C uniess otherwise noted) (All input and outout charactaristics are single-ended unless otnarwise noted.)
| l | MC1536 MC1496
Charactaristic I Fig. Nots i Symbol | Min Typ | Max | Min l Typ l Max Unit
Carner Feadthrough T e 5 ' VeFT l uVirms)
YC = 50 mVirms) sine wave and fc = 1.0Hz - 40 - 40 -
offsét ediusted to 160 iCc = 10 MH2 » - 140 - - 140 —_
V¢ = 300 mVp-p square wave: : mVirms)
oftsat adjustea to zero fc = 1.0 kHz — | 0.04 | Q.2 - 0.04 | 04
oftset not adjusted fc = 1.0 XHe - 20 100 - 20 2 .
Carrier Suppression i 5 2 ves | ' a8
fg = 10 kHz, 300 mVirms) ,
fc = 500 kHz. 60 mVirms) sine wave 1 0 65 - 20 65 —-_
{C = 10 MHz, 50 mVirms) sine wave i - 50 - - 50 - k
Transagmittance Banawidin (Magnitude! (R = 50 onmsi I8 3 ! BW34g . MHz
Carrier Input Port, Vo = 80 mVirms) sina wave ' — 300 - - 300 -
tg = 1.0 kHz, 200 mV{rms) sine wave .
Signat Input Pont, Vg = 300 mV(rms) sine wave ! | - 30 - —_ 80 —
} Vet = 0.5 Vac l ! !
Signal Gan 10 1) Avs las s | — a5 [ as | — ] ww
¥g = 100 mVirms), f = 1.0 kHz; Vet = 0.5 Vde
Single-Ended Input Impedance, Signal Port, t = 5.0 MHz . 8 - g
Pacailet Input Resistance i | fip -— 200 - —_ 200 —_— 1743
Pacailet input Capacitance ! Cip - 2. - - 2.0 -} of
Singte-Ended Outout Impedance. t = 10 MHz § | = ! i
Paratiel Output Resistance fop - | - - 0 -]
Paratier Output Capacitance ! ¢ Cso - 5.0 — - 5.0 — :  pF
input Bias Current 7 - i TN
Iy o~ Iq 17 + | ! -— 12 5 - 12 30
| - .} bS
B = Ty e = 54 | we | =12 1) 2 1|3
Inout Oftsat Current 7 - oA
lioS = =14 lioc = I9~lg } hios! —_ Q.7 s.0 - 0.7 7.¢
I liect —_ 0.7 5.0 — 0.7 7.0
Average Temoerature Coerficient of Inout Offset Current l 7 - ! ITChiol -— 2.0 - - 2.0 - nASC
(TA = =55°Ca +125°C) ! i I
T - T
Output Oftset Currant |7 — 1 oot | — 4] se] — 14 s A
lig=la) ' i | I
Average Temperature Coafficient of Outout Otfsat Current } ? : —_ ; {TCioal — 90 - — 30 - 1 RAMC
Ta = -55C 10 +125°C) j ! ’
Cammon-Moda 1nput Swing. Signal Pont, Is = 1.0 kHz | f 4 1 CMV - 5.0 - — 5.0 — Vo-o
Cammon-Moda Gain, Signal Port, fg = 1.0 kHz, i s : — ! ACM — -85 - —_ -85 —_— a8
Vi = 0.5 vde ) | i
l Common-Moda Quiescent Qutput Vohage (Pin § or Pin 9) 10 — Vout - [ .0 - — 8.0 — Vp-p
L . e
! Differsntial Output Voitage Swing Capabilicy 10 —_ Vout - | 80 - - 80 - Vo-p
Power Suppty Current . 7 & mAge |
g rlg . lcc - —_— 290 3.0 - 20 4.0
f10 leg — .0 | 40 - 3.0 5.0
| OC Power Dissipation Pt s boep [ =lal o =T =ml = | mw
° Pin numbar reterences pertain to this devics wnen packaged in 4 maetai can. To ascartain the cofresponding pin numoaers for plastuc or .
SArAMic pacRagad Cevicas relar ta the firat page of this spesification sheet, , <t
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sCL4027B

CMOS DUAL J-K FLIP-FLOP

——1

fEATURES

¢ Individual Sat and Reset Controls

¢ Fully Static Operation

¢ Logic Edge-Clocked Design

¢ 8MHz Toggle Rate @ 10Vdc

¢ Balanced Output Drive Current Specifications

. T ae
P i

DESCRIPTION o

The SCL4027B consists of two identical inde-
pendent CMOS J-K master-slave Flip-Flops. The
scL40278B is useful in performing control, register,
and toggle functions. Logic levels present at the J
ind K inputs along with internal seif-steering con-
wol the state of each flip-flop; changes in the flip-
flcp state are synchronous with the positive-going
ransition of the Clock pulse. Set and Reset func-
tions are independent of the Clock and are initiated
when a high ievel signal is present at either the Set
or Reset input,

CONNECTION DIAGRAM
{all packages)

Vop Q@7 04 CLy Ry Ky Jg Sy

1 I | | | ] ]

16 15 14 13 12 11 10 9
SCL40278B

I 2 3 4 S5 6 7 8

' 1T T T 1
Q> Qz CLz Rz Kg Ja2 Sz Vgs

Add suffix for package:
C  16-pin Cerdip F  16-in Fiat
D  16-pin Ceramic H Chip

E 16-pin Epoxy

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
DC Supply Voltage  Vpp - Vss

Operating Temperature  Tp
C, D, F, H Device
E Device

3to15 Vde

5510 +1256 ©C
4010 +85 ©C

TRUTH TABLE

WHERE 1 = HIGH LEVEL

0« LOW LEVEL

A.LEVEL CHANGE
X . DON'T CARE

®.t,.) REFERS TO THE INTERVAL
n-1

PRIOR TO THE POSITIVE CLOCK
PULSE TRANSITION

-

«1n RAEFERS TO THE TIME INTER.

VAL AFTER THE POSITIVE
CLOCK PULSE TRANSITION

®t, . INPUTS tt, QUTPUTS
CLh ||k |s|R|a|a}d
./ l1|x|ojojof1]o
_/ Ixlojoflof1]1]o0
/ Jolxlojojo 1
_/ Ix|1]o}o 1 1
_[x|{x]ojo|x {No Change)
x {x{x[1]o]x|1]0

x |x|xlof1]|x[o]1

X IxXIxXl1{1Ixtiy1

LOGIC D!AGRAM (one of two Flip-Flops)

BLOCK DIAGRAM
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ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS '

A

3 D 3
PARAMETER Vop CONDITIONS Tiow +25°C TuigH Unit
Vdel Min. | Max. | Min, | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE loo , !
CURRENT 5 [Vin*VgsorVpg | = | 10 - J0005) 1.0 - 30 |uAdc
10 Al vaiud input - 2.0 - 10.01 2.0 - €0
15 binati - 4.0 - 10.02 40 ~ 120

NOTES: ! Remaining Static Etectrical Characteristics are fisted under

Tiow = -55°C for C, D, F, H device.

= —40°C for E device.

Twign = *125°C for C, D, F, M device.

=+ B5°C for E device.

"SCL40008 Series Family Specifications”.

2 This device has been designed for balanced output drive current specifications. Consult Family Specifications.

DYNAMIC CHARACTERISTICS {C, =50pF, T, = 25°C)

Voo | [ ’ I
PARAMETER vae) | Min, Typ. Max, Units
CLOCKED OPERATION
PROPAGATION CELAY TIME toum, temy 5 - 175 350 ns
10 - 80 160
15 - 60 120
QUTPUT TRANSITION TIME T L trreg 5 - 100 200 ns
10 - S0 100
15 - 40 80
MINIMUM CLOCK PULSE WIDTH PWe, 5 - _ 165 330 ns e e
L 10 - 60 120 -
- 15 - 50 100 -
MAXIMUM CLOCK FREQUENCY feL 5 1.5 3.0 - MHz
o 10 40 -1 -80 - .
- 17 1. |50~ -10 S SRR
MAXIMUM CLOCK RISE AND FALL TIME? ey, bacy, 5 15 - - u
10 5 - -
- .15 -3 - -
MINIMUM SETUP TIME trrun 5 - 100 200 N
10 - 50 100
15 - 40 80
MINIMUM HOLD TIME © [tro 5 - -25 0 .
10 - -10 0
15 - -5 g
SET AND RESET OPERATION
PROPAGATIQN DELAY TIME
S10Q. Rt Q oL 5 - 150 300 L3
10 - 70 14D
15 - 55 110
MINIMUM SET AND RESET PULSE WIDTH PWg, PWp s - 100 200 ™
10 - S0 100
15 - 40 80
SET AND RESET REMOVAL TIME Tren [ - 0 25 ng
10 - 0 10
15 - ___0 5
! When units are cascaded, the maximum 11se and tail times of the clock input-should be-equal 1o or
lets than the transition times of the data Qutputs driving daia nputs, plus the propagation delay of
the outpur driving stage for the output capacitive load,
Yee. DRAIX YOLTAGE (Vdc) 50 T m——
-0 -18 .16 -14 12 -'llo 4: ? <4 ,ZT 0 T &5 Yo = 15 Véc
Ves==5 Voo t—Fd 5 -~ £ ;‘5’
L 4 a0 7 g
] ' o 5y v
Vos == 10 Vo T AT 16 € £
20 = S 7 Ve, =10 Yéz
L 25 g = 0
30 2 A ares
a5 = e 10 T
Vs & =15 Ve L] < T . £ sl Vo = 5 Ve T,=25°C
| et i1 e as z [ 11
1 ] TAI"ZSI ¢ s 0 2 4 § 8 10 12 14 16 18 20
-50 Vou. DRAIX VOLTAGE (Vde)

Typical P-Channel
Source Current Characteristics

Typical N-Channel
Sink Current Characteristics
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2 National
Semiconductor

Audio/Radio Circuits

LM386 Low Voltage Audio Power Amplifier

Generdl Description
The LM388 is a power amplifier designed for use in low
voltage consumer appiications, The cain is internaliy

ser 10 20 to keeop externai part couni low, Dut the

addition of an externai resistor and capacitor batween
pins 1 and 8 will increase the gain !¢ any value uo
to 200.

The inputs are ground referenceg wiule tne output is
auiomatically biased 0 one half tne suooty voitege. The
cuiescent power crain is only 24 milliwatts when oper-

Voltage gains from 20 to 200

Ground referenced inout

Self-centering outout quiescent voliage

Low gistortion .
Sight pin duai-in-line package

Applications

AM-FM racic amplifiers

!
|

zung from a 6 volt suoply. making the LM286 igeal ® Portanie taoe player amolifiers -
‘ .
for battery operation. s Intercoms
Features s TV sound systems
®» Eattery operation * Line grivers
" Minimum external parts & Ultrasonic drivers
a Wide suppiy voitage rance eV~i2V or 5V-18V 8 Smait servo orivers 9
= Low guiescent cursent arain & mA % Power converters
Equivalent Schematic and Connection Diagrams
5
O ¥s
Oual-ln-Line Package
15k v
, ®
AYPASS / fl U
é b L CAIN —t B s
ALT] GaAln GAn
e ) Y R .
! o ? . —I . NPT e bvPass
¢ ——O Vour
s
y‘J ' s \N I NPyt _J- .!— Ve
! f—\” s §
EXLI{Th ,/‘ e} o+ iNPUT I T 3 L
T— GND et L Vau
i
119 Sa ‘/i TO? vikw

Typical Applications

Amotifiar with Gan = 30
Minimum Parts

Order Number LM386N-1,
LM386N-3 or LM336N-4’
See NS Package N08B

Amplifier with Gain = 200

18-F

-~




Absolute Maximum Ratings

Supply Voitage (LM386N) 15V Storage Temperature —65°C 10 +150°C
Supply Voltage {LM386N-4} 22v Operating Temperature 0°C to +70°C
Package Dissipation {Note 1) (LM386N-4) 1.28W Junction Temperature +150°C
Package Dissipation (Note 2) (LM386) 660 mW Lead Temperature (Soldering, 10 seconds} +300°C
Inout Voltage . . 0.4V
Electrical Characteristics t, = 25°c .
PARAMETER CONDITIONS MIN TYP MAX UNITS
QOcerating Supply Voltage (Vg)
LM386 4 12 v
LM386N4 5 18 \"
Quiescent Current {Iq) s =6V, Vi, =20 4 8 mA
Jutput Power (P 1)
LM386N-1 Vg =6V, R_=8Q, THD = 10% 250 325 mw
LM386N-3 Vg =9V, R_ =80, THD = 10% 500 700 mw
LM386N-4 s = 16V, R = 3202, THD = 10% 700 1000 mw
Voltage Gain (Ay) Vg =6V, f=1kHz 26 .ds
10uF from Pin 1t0 8 46 dB
Zandwidth {(BW) s =6V, Pins 1 and 8 Open 300 kHz
Total Harmonic Distortion (THD) s =6V, R_ =8Q,Poyr =125mW 0:2 %
f= 1 kHz, Pins 1 and 8 Open
Power Supply Rejection Ratio (PSRR) s 26V, f=1kHz, Cgypags = 10uF 50 d8-
Pins 1 and 8 Open, Referred to Qutput
Input Resistance (Ryy) 50 139
"eut Bias Current (lgyag) s = 6V, Pins 2 and 3 Open 250. nA

Yote 1: For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction temperature and &

“~umal resistance of 10G°C/W junction to ambient.

Note 2: For operation in ambient temperatures sbove 25° C, the device must be derated based on 8 150°C maximum junction temaeraturs and 8

Aermal resistance of 187°C junction ta ambient.

Application Hints
GAIN CONTROL

To make the LM386 a more versatile amplifier, two pins
{1 and 8} are provided for gain control. With pins 1 and
3 open the 1.35 k<2 resistor sets the gain at 20 (26 dB).
!t a capacitor is put’ from pin 1 to 8, “.ypassing the
1.35 kR resistor, the gain will go up to 200 {46 dB). If
3 resistor is placed in series with the capacitor, the gain
22n be set 10 any value from 20 to 200. Gain control can
also be done by caoacitively coupling a resistor {or FET)
‘rom pin 1 to ground. . -

Aaditional external components can be placed in paraitel
“ita the internal feedback resistors to tailor the gain and
feo.xency response for individual applications, For ex-
imale, we can compensate poor speaker bass response
Sy frequency shaping the feedback path. This is done
“ith 3 serigs RC from pin 1 to 5 (paralleling the internai
~k° resistori. For 6 dB effective bass boost: R 2 15k2,

=32 lowest vatue for good stable operation is R = 10 k2
Hpin 8 i open. !f pins 1 and 8 are bypassed then R as

"W 25 2 k) can be used. This restriction is because the

-mohfler is aniy compensated for closed-loop gains
221 than 9.

INPUT BIASING

The schematic shows that both inputs are biased to
ground-with a2 50 k¥ resistor. The base current of the
input transistors is about 250 nA, so the inputs are at
about 12.5 mV when left open. If the dc source re-
sistance driving the LM386 is higher than 250 k2 it will
contribute very little additional offset (about 2.5 mV at
the input, 50 mV at the output). If the dc source
resistance is less than 10 kS2, then shorting the unused
input to ground will keep the offset low (about 2.5 mV
at the input, 50 mV at the output}). For dc source
resistances between these values we can efiminate excess
offset by putting a resistor from the unused inout 0
ground, equal in value to the dc source resistance. Of
course all offset problems are eliminated if the input is
capacitively coupled.

.

When using the LM386 with higher gains (tvpassing
the 1.35 k2 resistor between pins 1 and 8) it is necessary
to bypass the unuced input, preventing degradation of
gain and possible instabilities. This is done with a Q.1uF
capacitor or a short to ground depending on the dc
source resistance on the driven input.



LM386

Typical Performance Characteristics

VOLTAGE GAIN {dD}

BLVICT DISSIPATION (W)

SUPPLY CURNENT (mA)

Quiescgnt Supply Current
vs Supply Voitage

: l
IR
T j
— 7
B
Vo I}
it
¢ 5 & Y 38 9§ 10 n o2

SUPPLY VOLTAGE (VOLTS!

Voltage Gain vs Frequency

100 1k T10k 100k ™

FREQUENCY Mz}

Device Dissipation vs Output
Power— 411 Load

Vsabv | SNITXTHD
: LEVEL
i i i ]

[ 0.) 02 0.3 0.4 0.5

OUTPUT POWER (W)

TOTAL 1tAAMONIC DISTORTION (%) PUWLR SUPPLY REJCCTION (4B)

OEVICE DISSIPATION (W)

29
i)
1.6
14
1.2
10
[ 1)
0.6
o4
02

0 ¢
20 S0 100200 SO0 Yk 2% 5h 0w 20n

Power Supply Rejection Ratio
{Referred to the Output)

vs Frequency
[EHEIRRITE
€y 2 50.F !“‘ﬂ!

iy L,

1) wo 1k 10 100

FREQUENCY tH2)

Distortion vs Fregquency

| vs-ev b
R, * 21 o

[ Pour = 125 mw T

h oy = 26481(C,, -m———/

v [
'

i [

FREQUENCY [Hz}

Davice Dissipation vs Output
Power— 80 Load

=
XK
o LEVEL )

0 15 0203040528507 1808 1.0

OUTPUT POWER (W}

TOTAL HARMONIC DISTORTION (X) QUTPUT VOLTAGE (VOL TS PEAX TO PEAK)

OEVICE DISSIPATION (W)

P N R R Y S S

Peask-to-Peak Output Voltage
Swing vs Supply Voitage

A

a4 5 & 7 8B 9 W uon
SUPPLY VOLTAGE (VOLTS)

Distortion vs Output Power

T
LA
LNER T
[ t=1%H:

1yl

P

o
;i
i

0001 on [ A} 18

POWER OUT {WATTS)

Device Dissipation vs Ou(pm.
Power—161 Load

v-uv' L
so iV L !

OUTPUT POWER (W)

\
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Typical Applications continueq

Amplitier with Gain = 50

1YPASS
150
+

Yo

Ohf

T,LWJ-';_

Frequency Responsa with
Bass Boost

ey

VOLTAGE GAIN (4B)
~
]
-
L1

20 50 100200 SOO Tx xSk 10w 20N
FREQUENCY (Mr)

Low Distortion Power Wienbridge Oscillator .

e N
. AAA,
VWA

St
£LOEMA v
crs2180 '
| "
-13n4 |
(¥ g
—_
o 1ame

"y

Souare Wave Oscillator

AM Radio Powser Amplifier

¥ 0

.0t

FROM
JETECTOR

“ 1 IW
~3; '8 suoply lead and supoly graund very tightty,

iy 1 Twise soeaker tead and ground very tightly,
—~ quri:. bead s Ferroxcube K5-001-001/38 with 3

\

FLAmITE

mn
sr€aREn

i
.H:
i} )

Note 4: R1C1 band limits inout signals,
Note 5: All components must be soaced very close o IC.

98ENT .



MOTOROLA

MC1455
MC1555

Specifications and Applications
Information

TIMING CIRCUIT

The MC1555/MC1455 monolithi¢ timing circuit is a highly stable
controller capable of producing accurate time delays, or oscilla-
tion. Additional terminals are provided for triggering or resetting
if desired. In the time defay mode of operation, the time is pre-
cisely controlied by one external resistor and capacitor. For asta-
bie operation as an oscillator, the free running frequency and the
duty cycie are both accurately controiled with two external resis-
tors and one capacitor. The circuit may be triggered and reset on
falling waveforms, and the output structure can source of sink up
to 200 mA or drive MTTL circuits.

o Direct Replacement for NE555/SES55 Timers

» Timing From Microsecands Through Hours

o Qperates in SBoth Astable and Monostable Modes
¢ Adjustable Duty Cycle

¢ High Current Qutout Can Source or Sink 200 mA
e Qutput Can Orive MTTL

Temperature Stability of 0.005% per °C

Narmally “On’ or Narmaily “Off" Output

TIMING CIRCUIT

SILICON MONOUTHIC
INTEGRATED CIRCUIT

[
(Top View}
G SUFFAIX
METAL PACKAGE
CASE 601-04

1. Ground §, Control Voitage
2. Trigger 6. Threshold
3. Qurput 7. Discharge
4, Aesat 8. Vece

tr .
FIGURE 1.— 22-SECOND SOLID-STATE TIME DELAY RELAY CIRCUIT ' (Top View
P1 SUFFAIX
PLASTIC PACKAGE
| — 1 N CASE 626-04
i : —— — L0AD
i mr2i \J U {MC1455P1 only}
0% | 39 8 YA g‘
4 8., r$29 G !MTI g
2 7. M ! Q
H oe—t ! H ¢
- = 1 ~
01w 001 T - ! “‘J < : = U SUFAIX Nrd .
L ! - CZRAMIC PACKAGE F‘ ¥
1 -y e CASE 69302
te LI:AC » 223 22514 9 35 divour 1
Time delay {8) is varradie by '}" 289 vi -
changing R and C, {Sae Fiqure 16}
D SUFFIX
FIGURE 2 — BLOCX DIAGRAM
GURE 2 — 8L0C PLASTIC PACKAGE .@-
CASE 751-01 2
v, 1
(Et,: S0-8
s LR
Thresholg —a———bmet ; ORDERING INFORMATION
i i [Comg 2 y .
Contrar Sl I ].a a ;:;: — P Orcrarge Temperature
Voitage ! Sl% : ~ Ogvica Ahsmats Range Prctage
i MCI485G - 0°C to + 76°C | Meul Can
H I MC1455P1 NESSSV 0°C 0 « 70°C ) Plastec OIP
Trigger MC14550 -— 0C 10 +70C ;SO
I 5 l% MC14S5U - 0Cto +70°C | Carumuc OIP
: MC14558P1 —~  [-40"C10 +45°C |Plasuc OIF
Goa Aever MC1$55G — | -55"C 10 +1257C| Mewai Can
MC1555V SES555 | ~55°C 1o +125°Cl{ Carsmc DIP




MC1455, MC1555

MAXIMUM RATINGS (TA = +25°C uniess otherwise noted.} FIGURE 3 — GENERAL TEST CIRCUIT
Rating Symbeol Vsiue Unkit
fi—s vee
Power Suoply Voltage Vee +18 Vde YR ce '
Discharge Current {Pin 7) 7T 200 mA h s . I 1
00
Power Oissipation (Package Pp ! vee =
Limitation) $ !
Metal Can 680 mw .‘ Control Ovecnarge
Derate above Tp = +25°C 46 mwrc | [ 001 T vonsae s
Plastic Dual In-Line Package 625 mw = 3 & Theesnois
Oerate above Ty = +25°C 5.0 mwWrC - ve
" n 200
_ QOperating Temperature Ta °C ° 1 . AN _{ )
Range (Ambient} MC1555 ~551t0 +125 1] houree Gea Tragwr 12-
MC14558 -40to +85 1 ] v
MC1455 Oto «70 = = =
Storage Temperature Range Tetg {=65t0 +1508 °C 8z Circud toe Messunng Ge #rametert’ (g set OuIDwt end meesure Dorameters)
9 Wihga Vg F 2] YCE, YO 1 ko
31 When Vg s 1 1VCE. VO s agh
€ When ¥y o8 fowe, 0w T unas current, To test for Aeset, 3ot V() Ingh,
vonNsge, ang tesl 10r currem llowng i o 7
1 ROt I use. A SROwd De bed 10 YCC

ELECTRICAL CHARACTERISTICS (T4 = -25°C,Vce = +5.0Vto =15 V unless otherwise noted.)

) MC1555 MC 1455
Charactensrics Symbol Min i Tvp Max Min Typ Max Unit
Suopiy Voltage Vee w5 | - 18 45 - 16 v
Suooty Current lcc mA
Veg S0V, Ry 2@ - 30 50 - 30 6.0
Veg s 15V, Ry =0 - 10 12 - 10 18
Low State, (Note 1)
Tiereng Error (NoOte 2}
A=1.040 10100 ki
tninal Accuracy C = 0.1 uf - 0.5 20 - 10 - ~
Orift with Temoerature - 30 100 - 50 - PPMOC
Oreft wiin Sugoly Voitage - 0.05 0.20 - 0.10 -, ~/Vaht
Thresnoid Voltage Vin ~ 243 - - 23 - Ve
Trigger Voitage vt v
Vec= 15V 48 5.0 5.2 - 5.0 -
Voge50V 1.45 1.67 1.9 - 1.67 -
Trigger Current . T - | o5 - - 0.s - uA
Reset Voitage ve | 0+ 1 01 1.0 0.4 0.7 1.0 v
Reset Current 'R j - et | - - 0.1 - mA
Threshold Current (Note 3) Ien | - Y o1 | 02 - 0.1 0.25 | “A
Disznarqe Leanage Current (Pin 71 1ais | - - 100 - - 100 | nAa
Cantrot Voitage Level veu v
Vec =15V 2.6 10 10.4 9.0 10 1
veg = 5.0V . 2.9 333 38 26 333 4.0
Qutout Voitage Low VoL
{Vec = 15V) v
Lsink = 10 mA - 0.1 0.15 - 0.1 0.25
lank = SO ma - 0.4 0.5 - 0.4 0.75
Iynk * 100 mA - 20 2.2 - 2.0 25
tgink * 200 mA - 2.5 - - 25 -
Vec = 5.0V
Ising * 8.0 mA - 0.1 0.25 - - -
lynk = 5.0 mA - - - - 025 0.35
Qutout Voltage rign VOH v
Uource « 200 ma)
Vee= 15V - 125 - - 125 -
Usouree * 100 mAl -
Vee = 15V 13 13.3 - 12,75 13.3 L.
Veg =50V 3.0 1.3 - 2.75 33 -
Rite Time of Outout H W0OLM - t 100 - - 100 - " ng
Fait Time ot Qutout | 1OHL -} 100 - - 100 - ns
NOTES:
1. Suoply current wiven oulput I8 MYN 15 typically 1.0 mA fess. 3. Thes wui determine the mavimum vaiue of R 5 + Rg for 15 V operation,
2 Tescedat Voo =50 Vand Ve = ISV, The manimum to1l R * 20 megonms.

Manostbdie mode



MC1455, MC1555

TYPICAL CHARACTERISTICS
(TA = +25°C unless otherwise noted.)

FIGURE 4 — TRIGGER PULSE WIDTH FIGURE 5 — SUPPLY CURRENT FIGURE 8 — HIGH OUTPUT VOLTAGE
150 28
LT |
125 1.8 71 -s50¢
< T l
_=_ H le’: + —
H ! ’ : ot L Lasee | 1
2 100 : i |
= ! ’ Ei €60 2 '
= 18t / 3 T H I »'nsﬂc L]
H ®e o : ERL =
2 ; ! > | I e K
ES . 24 ] s
£ = H i $os INRRNY
F ] : i 111
£ ) S ‘ - 0.4
| ’ ’ l i ' , 0'1 ]svwcc\:sﬂ
) | W T 111
] 01 0.2 [¥] [ 50 w o - 15 10 20  s8 10 100
¥Tomies AINIMUM TRIGGER VOLTAGE Yee. SUPPLY VOLTAGE (Vaa) owcetmal
WX VCe vao
FIGURE 7 — LOW OUTPUT VOLTAGE FIGURE 8 — LOW OUTPUT VOLTAGE FIGURE 9 — LOW OQUTPUT
@ Veg = 5.0 Vde @ Vee = 1. Vde VOLTAGE @ V¢g = 15 Vde
) : " - 0
L P iITr g RN POIT T T
| — rS— —— - —
— ——— W’E - —
T ) CER e .
_,(L—_;ﬁﬁ 10 ,[ ; l. . -.?“C:-r';, _ ,szcj
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FIGURE 10 — DELAY TIME FIGURE 11 — DELAY TIME FIGURE 12 — PROPAGATION DELAY
versus SUPPLY VOLTAGE * versus TEMPERATURE versus TRIGGER VOLTAGE
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MC1455, MC1555

AGURE 13 — REPRESENTATIVE CIRCUIT SCHEMATIC

5 9 Canmo) Voitags
it te memm . — —— anwa) Voitage ——
| THAESHOLD [ Taice n': r s TiF-FLOF T OUTPOT

v | COMPARATOR 11 comrTalll
cc 8 i y T o
: 47¢ 13100 ! 6.8k -
1 ]
] { q
! il HH
! " 1k
{
. H soxi i
“ { li T
Theeshoid & ! }i 1
1 1y | ;
| el i H
t o lind -
I [ 7%
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! Tl T eb
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IR ¥
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Trigger 2 Ommsem e 1y
ittt M B (-
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| 1y T N
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GENERAL OPERATION

The MC1555 is 8 monolithic timing cifewit which ums 33 itg
Hming elements an externai resistor — caoacitor network, It can
be usd in both the monosteble (one-shotl and astadle modes
with frequency and duty cycle contratied by the caoscitor and
resistor veiyes. While the liming is dependent uoan the external
pessive co ts, the lc circuit crovides the suarting
cireuit, voitage comparisan and other functions needed for & com-
plete timing circuit. Internsl to the integrated circuit are two
mperators, one for the input signal and the other for caoecitor
voitage: 3is0 & flip-flop and digitl output are included. The com-
carator reference voitages are stways & fined rane of the suooly
voltage thus providing outout tming mdependent of wooly voitsge,

Monostable Mode

in the r mode, & and a ungie resistor are
used for the timng network, Both the threshold termenal and the
dischurge transistor terminal are connected logetner in this mode,
refer to circuit Figure 14, When the input voitage to the trigger
comperawor fails below 1/3 Voo the comoerator outout trgoers
the flip-flog 30 that it's output sea low, This turns the capecitor
discharge transizstor “off”" and orives the digital outout to the high
tmte. This congition sllows the caoacier (0 ¢nafge at sn ex-
ponential rate which is et By the RC time conntant. Yihen the
aowator voltage resches /3 VoG the tresnold comparator resets
the flip-{log. This sction discharges (he bmng caoscitor and re
turm the digital output to the low sute. Once the flio-ftoo hss
‘been triggersd By sn input ugnsf, it cannot be retriggered unnid
the present timing period has been comoleted. The time that the
output is high is given by the equation t ~ 1.1 Ry C. Verious
mmbinstions of R snd C and ther asocuieg tirmes are 1hown 1n
Figure 16. The trigger oulm wadih must te iena (hen the tming
pariod.

A remt pin it provided to gitcharge the capscitor thus inter-
rupting the timing cycle. A1 long as the reset pin iy low, the caceci-
tor ditenarge transistor is tumed ““on’ sng prevents the capacitor
from cnsrging, While the rest voltage is appired the digital outout
vl remain the same. The reset pin shouid be tied to the supply
voitage when not in um.

FIGURE 14 —~ MONOSTABLE CIRCUIT

*Vec (Sto 15 V)

b4

2a a
| Remwt ——=—=—4 Vcp

' s L_ a8

| Oischarge

f 3 7
——0——

i Outout MC1853 6 Lc
: s uciess [0

} S Thresnoia

i o © =

; Trioger Controt

‘§ 0.0 HFI‘“’"“"
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MC1455, MC1555

GENERAL OPER"TION (continued)

FIGURE 15 — MONOSTABLE WAVEFORMS FIGUAE 16 — TIME DELAY
100
I A 1A |
0 A -
- A 1A A A |
A 1A [ 1A
?. “Z-\“?\A'@‘Z— 2 ‘\Q“V
i A 4 A A A
i A 17
w14 ]
/ yARRV4
d001
t 50 wwrem Wus 100 I1Oms  10ma  100m 10 10 i
(R = 10kf2, C=001uF, R = 1.0kf2.Vee = 15 Vi 9. TIMEDELAY 1o
FIGURE 17 — ASTABLE CIRCUIT FIGURE 18 — ASTABLE WAVEFORMS

'Vcc(s to 15 Vi

I
|

Ra

7 Discnoerge

Qurout
MC1sS5 § Threwnota
MC1455

AAA~
k.
@

Trigger

~

,.
xn
-

L
—)——a

e ave

(2]

t=20us em

Astsoie Mode (R =5.1402, C=0.01uF, A = 1.0kN:
. . Rg =38k, Ve =15 V)
In the astsbie mode the timer iz connected 30 tnat it will
rewrigger t1seif and cause the CIOICIIOF voltage 10 Oscilate between
I Vecend I Ve, See Figure 17,

The external capacitor cnarges 10 2/3 Vg through Ry and Rg
and ditcharges 10 1/3 Voo througn Rg. 3y varying the ratio of FIGURE 19 — FREE-RUNNING RREQUENCY

ihese renstors ihe “duty cycle can be varied. The charge sna 0
!

discharge times are indepenagni of the suooly voitage,
Tha charge time {output tugnl is given by: 1y = 0.695(R,+RRIC

-
]

NN
NN [

E'-

The discharge time {output iowl by: t9 » 0.695 (Rgi C
Thus the towt penod s given bv: T » t) + t9 = 0.695 (R4 +2Rgl C

-
3
The frequency of ocillatton 1s then: { = — = L - :
—~ T iRp-2RglC g1e
and may be easily found a3 shawn in Figure 19. 2 : l \L\\L\
R =
The duty cyde is given by: OC = —3_ 5 a1 a
Ra+2Rg ) i \ !
To obtsin the maximum duty cycte Ry must be as smail a5 - I . \
POtHIbIe: DUt it MUt alo be large enougn (o birt the discharge \
curtent toin 7 current within the maximum rating of the discnarge ea
ranuistor (200 ma). Ay~ 1'!'
The minimum value of R4 is gven by*
v, v, ’ ao0t
Ry pogClVad  Vecived o 0 W
« FREE. AUANING FREQUENCY {Mn)

Iy 1a) 0.2



MC1455, MC1555

APPLICATIONS INFORMATION

Linear Voitage Ramp
In the monostable mode, the resisior can be repisced by a con-
suNt current source to provide & lnear ramo voitage. The capaci-
tor still charges from O t© 2/3 Voo, The finesr ramp tima is given
by .. 2 Vee
I
Vec-Ve- Vae
Rg !
then ¢ can be made indepandent of Vee.

where | = it Vg is much larger than Vgg,

FIGURE 20 — UNEAR VOLTAGE SWEEP CIRCUIT

Missing Pulss Ostector .

The timer can be usad to produce an output when an input
puise feils to occur within the detay of the timer. To accomplish
thig, set the time delay 1o be tlightly longer than the time between
succestive input puises. The timing eycle is then continuoutly reset
by the input puise tain until a change in trequency or » miging
puise sllows completion of the timing cyde, causing & change in
the output fevel, °

erc

2N 4403
or Equiv

Digtest J

Quitdut Ve

MC 1555
MC1ass

Teriaper

Contrat

1
i LX 01 I Voitage

I”

RAGURE 22
*Veg St 15 vy
Reset  Vee
A
AL 4 8 3"a
Discharge
2 7
— e |
Output Thresnoly
MC1855 s
MC1485 —0—1
Inout 2 s 5:.'.'.'.' c
T —1 | I
Trigoper = =
1 0.01ufF =T
—_
= /P 2N4403
Kb or Eaquiv

FIGURE 21 — UNEAR VOLTAGE RAMP WAVEFORMS
(Rg = 10 k2,R2 = 100 kA1 = 39 &), C = 0.01 uF. Voo = 15V

_ ---l----
t= 100 uvcm

FIGURE 23-— MISSING PULSE DETECTOR WAVEFORMS
{RA = zom.nL= 10k C = 0.1 uf, Vo = 15V)

o)

t~ 300 uvem



MC1455, MC1555

APPLICATIONS INFORMATION (continued}

14

Puise Width Moduiation

\f the timer is triggered with a continuous ouise train in the
monostable mode of operation, the charge nme of the capacitor
can be veried by changing the control voitage at pin 5. In this
manner, the output puls width can be moduiated by soplying
» modulating signai that controis the threshald voitage,

AGURE 25 — PULSE WIDTH MODULATION WAVEFORMS
{Rp, = 10%0, C = 0.02 pF, Vog = 15V)

MaqWsI B InpUt VOIage:
av

FIGURE 24
.Vee (st 15 V)
* -
| 9
< A A
$t 4 a? A
: ! T———
GO et et
Quiput I t+ 0.5 muvcm N .
MC1358 [ c «
MC1455 S e I
2 5 =
._————o—— 7—0‘—"_‘_‘.
Cloen Moduiatron Test Sequences
Inout 1 tnout Several timers can be connected 10 drive esch other for sequen-
val timing, An esamote is shown in Figure 26 where the sequence
1 started by iriggerng tne first timer which runs for 10 ms. The
output then switches law momantarily and Siarts the second timer
which runs for 50 ms and so forth,
FIGURE 26
vee 1S to 18 V)
——
27 9.1 % 7% g 8.2
8 4 4
|
s 0.01uF 5 0014k s 001 wF
S s
MC1858 -.-L— 7 MC155% = 7 MC1558 =
MC1455 =21 mciass —o— MC 1488 .
2 3 2 b ]
it i® -
Y XY
0 00% uf — 0.001 uF
19 1
F ITLE I s.ouf |
Losd : = Losd = = Losd
J—




MOTOROLA

SEMICONDUCTOR
TECHNICAL DATA

Fiber Optics — FLCS Family
Visible Red LED

This cevice is designed for low cost, medium frequency, iibar ootic systems usirg

1000 micron core plasuc fiber. it is compatible with Motorpia’s wide variety of det2<ics

122387

functions from the MFCD70 series. The MFCE76 employs gallium aluminum technc =3y,
and comes pre-assamoted into the conventent and popular FLCS connec:or.

Low Cost

Very Simple Fiber Termination and Connection. See Figure 9
Convenient Printaa Circuit Mountung

integral Molded Lens for EHicient Coupling

Mates with 1000 Micron Core Plastic Fiber, such as Eska SH4001

l

-|
_

—
MFOE76

FLCS FAMILY )
FIBER OPTICS. !
VISIBLE RED |
LED [

£60 nm

N
|
|
CASE 2618-01 1
' |
MAXIMUM RATINGS - l
P H R -
Rating ! Symbet | Value Un i
Raverse Voltage ’ .a 5 vetis Y
: '
1, Foraard Current — Continuous 1 H 30 ! mA ~j
Forwara Current — Peax Pulse , = i i A . ‘
Totar Pawar Dissicanan =« Ty -+ 25C{N i 2y 132 H mw .
Derate aoove 35 C . 2 mAN°C
~mszient Coerating Temcerature Range ; Ta j -0t -160 H C
Storage Temceratura . Tig | -<Cw -100° [of
_2aq Saigering Tercerature 12} . _ . 250 ' C
Nesss | Mcasured wilh davice soldernd .to 4 tvorcal OrNted circuit Saard.
2. 3 secoras max, | 16 «»nen trom case.
~
] -
. , AQICOYNE TIKTICNL
! By AQTO0YNE gl :
=Al — = | META 3 oxr B .
@ I Y =0 ST IR NI I PV
T — = 13 000 "NTEGRATNG ATl | Gy |-
— R s suess ABERAY E
SUT AMALYZER
5
H
! i

Figure 1. Power Launched Test Setup

Figure 2. Optical Turn-On and Turm-Off Test Setup



MFOE76

g,
E 1T 1 T ]
z i ! : 160 —r - T
= ¢ s } | i
: \ ll B - ’ I
o ] , i : : i : :
= H Y X { ! = v | H {
g - Zw : ~
E — : S [ i ' '
=z i z 1 |
= . ] g B | [
g . =~ X [ ] . l
3 95 YORVALZSS TO. ] Z 2
< T 5c . ! . a | i i
S —— Ty 23 T a ! , H } :
8 P * = i :
S - = T i : . p )
2 ! ‘ - R I
Z i v g g ; o I N N
- ! i H ' \ : ! i
Z t ! ! ; ;
=, i ! ! ' Do P [
: —
B -5 3 &3 b)) 3 Ex b} ? 3
T4, SMEIENT TEMPSAATUPE 1 &) T3, AMBIENT TEMPEIATLRE () -
Figure 7. Instantaneous Power Qutput versus Figure 8. Power Dissipation
Ambient Temperature
The systemn length achieved with a MFOE76 emitter and current (Ig) and the resoonsivity of the detector ch
g
various detectors, using 1000 micron core prasuc fiber €ach detector will perform with the MFOE?6 up
(Eska SH4001 or equiva.ent), decends on the LED forwarg distances shown below,
MEGOT! ] ! l | ‘
5 veson ]
B MFCTE B
WE0I3 |
WRDTH
4F3DI
#0971

SF07S I
T MFOO71 PN CIODE

MFCD72 TPANSISTOR

i LED INPUT CURHLNT (A
S0 A

< ] MFQD7I DAALNGTON
H g MFODTS LCGIC

J urcoTs i !
| ; i

3 o o b bS] ] ps] 10 ) ‘0 iz ] 29

¢ BIZALINGTH METZASI
Figure 9. MFOE76 Working Distances
CROSS SECTION OF FLCS PACKAGE TEAMINATION INSTAUCTIONS

1. Cut cable squarety witn snarp blace or hot knife.
2. Strip jacket back with 13 gauge wire strioper to expc
SASEING 0.10-0.18" of bare fiber core.
Avoid nicking tne fiber core,
!_—-r LA
. = L S 3. Insert terminateq fiber tnrough iocking nut and ir
-

the connector until the core tio seats against tr
motded lens inside the cevice package.

e sc—-mac—.
N 0LENG Sl N,

“.
S ON SN
;

Screw connector tgcking nut cown to a snug fit. lockir
tne fiber in place,

Figure 10. FO Cable Termination and Assambly



MFOE76

ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otnerwise notea)

Characteristic ! Symbol ' . Min Typ Max | Uni |
Reverse Leakage Current (Vg = 3 Vi ! Ia . - 100 - I aa
Reverse Leakage Cutrent (Vg a 5V} a - 0 100 } uA :
Forward Vortage (Ig = 60 mA) ! Ve ; - , 18 2.2 v
Temperature Coe#iciant of Forward Vottage H Ve - L ¥ - mvk |
Caocaciance if = ! MHp} H - 30 - of '
OPTICAL CHARACTERISTICS {Ta = 25°C uniess otna~ise noted)
Charactenstic Symbot Min Typ Max : Unit ].
Pesk Waveiength flg = 50 mA! . 40 - §50 - l am i
Instantaneous Powar Launcned ilp = 100 mA, Figure ®} y 2t 200 348 - uW [
Qsticat Turn-On Time (Figure 2} ! ton ) - i 200 - | ns i
Opticat Turn-OH Time (Figure 2) ! totf ! -, %0 - } ns !
Hatf-Power Eleciricat danawiath (1) : Ewe - f 3 - { MMz
“Trig + 100 ma on-0x, 100% mogulation
TYPICAL CHARACTERISTICS
il - I[ H . i
. t ‘ M ' L H
o ) : L 3 .. . i !

i [ 4 ;o J | = i3 T .
£, GuSiONY ----- . /J z., , ! ! ]
bl 32082 CR OF = V. 7 z - ] ] . [ .
Z , . P S -: : _
= L - :

2 - v A , ' = - / ! :
H P . . I 7\ .
: ¢ - : s ! i
Ed t ! [ 1 i
3 ! 1 [ / :
s —— : ZA—
5 . / ] . £ .
e L : < / '\ '
h T = T
D JIDEURN ARL LRIV -2
Figure 3. Forward Voltage versus Forward Current Figure 4. Relative Spectrat OQutput
E
£
=
ES — - 2 =~
B : / : 5 .
2 - D 2 .
Z % <~ : E ==
2 — - ~
= = H .
= =z - 14
H <
) —~ T : g ~.
AN ' ' .3 =
Zz N < S,
- ! T '
i ‘e X . £ i S W R Wl

INT imdd

5. FORWARD CUH

Figure 5. Power Launched versus LED Forward Current

#

Figure 6. Power Launched versus Fiber Length
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OUTUNE DWENSIONS
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MOTOROLA
e SEMICONDUCTOR EEE——————— .

TECHNICAL DATA

Fiber Optics — FLCS Family
Photo Detector
Diode Output

... designed for low cost. snort distance Fiber Optic Sysiems using 1000 micron core
plastic fiber.

Typicat applications inciude: high isolation interconnects, disposable medical electron-
ics, consumer prooucts, and microprocessor controlled systems such as coin cperated
machines, cooy machines, electronic games, industrial clothes dryers, etc.
® Fast PIN Photoaiode: Response Time <S5 ns
¢ Ideally Matcned 10 MFOET76 Emiter ior Plastic Fiber Systems
® Annular Passivataa Structyre for Stability and Reliability

MFOD71

FLCS FAMILY
FIBER OPTICS
PHOTO DETECTOF
DIODE QUTPUT

® FLCS Package v‘\
— inctudes Connector -
— Simple Fiber Tarmination and Connection (Figure 4) '\'_\\ ()
— £asy 2oard Mounting O 2
- Molced Lens for Efficient Coupling TN
— Mates with 100G Micron Core Plastic Fiber {Eska SHA001)
CASE 1638-01
I PLASTIC
| —
MAXIMUM RATINGS (Ts = 25°C unless otherwise noted)
Rating E Symbal Value Un
Reverse Voitage MFOD71 | VR 100 Voi:
Total Power Dissipation ‘@ T4 a 25'C 1 Pp 150 mv
Oerate acove 25°C i 2 mw
Qoeratng and Storage Junction Temperature Range [' Ty 1’,,9 | ~40t0 ~ 100 i
ELECTRICAL CHARACTERISTICS {Ta = 25°C unless otnerwise noteq!
| Characteristic f Symbol | Min ! Typ Max }' Un#
{ Dark Current (Vg = 20V, R = 1 M( Tg = 25°C [ 0 | - ‘ .0.06 10 nA
| Ta = 85°C i P—= 10 -
Reverse Breaxdown Voltage (Ig = 10 uA} | veam | 0 | 100 - Vaite
Forwarg Voltage tlg = 30 mA) E Ve - f - 1.1 Vouts
Series Resistance (Ig = 30 mA) i Rg - , 8 - Ohm
Totat Capacitance (Vg = 20 V.f = | MH2) | Cr - | 3 [ - of
OPTICAL CHARACTERISTICS iTa = 25°Q)
I Responsmviry (VR = 3V, Figure 2) ! ] 1 0.5 i a2 [ wAiu’
, Aesoonsa Time (va = 5V, 3 = 501% ! Yeesot I — | s | ns




MFOD71

TYPICAL COUPLED CHARACTERISTICS

4]
N
|

N -
. \y\

RELATIVE RESPONSE °.}

|
pol i VARE
10 - 2
1T
: 1 :
00 Q0 500 P 1063 WS
A WAVELENGTH e

V1

Figure 1. Relative Spectral Response

f | . § s . .
10,000 t t ’ H
\ ] ] M
! < % — .
i MFOET5 2 = ‘
, " MFOOT1 |5 = z R T ;
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L i ¥ /==
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. ! N T ! H )
B
. X " J
[ 4 § 1% 6 X K3 ] 2 3
FZEA LENG TR 1METERS)
Figure 2, Responsivity Test Configuration Figure 3. Detector Current versus Fiber Length
The system iengtn acniaved with 3 MFOE76 emirtter and current (I} and the resoonsivity of the detector chosen,
various detecrors, using 1000 micron care olasuc fiber Eacn cetector wiil perform witn the MFOE76 uo to the
(Eska SHA001 or eauivalent), deoenas on the LED forward distances shown below.

MFQONL /7 o S,

3| MROO72 7o, D ]

g [ MFOOTI 7 . P % . B
g pMRCEY T ]
z
=
= 2 w0 - - S ,
4 MEOD75 i i
2 ij—“ : WFGOT) O DIODE
= [ Iwmeoon ! MFOD72 TARNSISTOR
= MEQOT? DARLNGTON

MF ?
Froon, LMEQ0TE L0GC
ot wigora-
j MFO07S
i !
] b Q 3 3 120 2 140 18 18 0 20

i, FIBER LENGTH tMETZAS)
Figure 4. MFOE76 Working Distances



MFOD71

CROSS SECTION OF FLCS PACKAGE

TERMINATION INSTRUCTIONS

CLAODING

HQUNTING

FCLE N

0.10~0.18" of bare fiber core.
Avoid nicking the fiber core.

the connecior until the core tip seats
moldeq lens inside the device package.

Screw connector locking nutdown to 3 snu
the fiber in place.

1. Cut cable squarely with sharp btlade or hot knife.
2. Strip jacket back with 18 gauge wire stripcer 1o exposa

. Insert terminated fiber through locking nut and inte

against the

g fit. locking

Figure 5. FO Cable Termination and Assembly

INPUT SIGNAL CONDITIONING
The following circuits are suggested

+3V
7 weoers
a
- 3¢
. M
NONINVERTING

OQUTPUT SIGNAL CONDITIONING

The following circuit is suggested to take the MFQD71 detector out

bit error rate.

If 1 Ry
10 mA 300
50 mA 56

100 mA 27

0 provide the desired forward current through the emitter.

WFOET6

INVERTING

Figure 6. TTL Transmitters

130\

0y

SENSITTATY
A04UST

urur

S1,Q1 et
U1 w0z i

1 MHz PIN RECEIVER

Figure 7. TTL Recaiver .

Put and condition it to drive TTL with an acceptable

» ———



MFOD71

OUTLINE DIMENSIONS
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