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At present communication system have been developed to improve their efficiency. In

modern system data to be transmitted should be accurate with highly speed rate. For the reason
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Abstract

mentioned above, initiate to study the through optical fiber system.

This project report herein the study of digital communication via optical fiber systems are

studied and educational experiment boards are designed and constructed.

The educational training board consists of 2 parts as bellows:

First part: Analog data signal at transmitter are convert to digital signal via optic fiber to

receiver. At receiver end signal are converted to analog signal.

Second part: Digital data signal transmission through optic fiber communication only,

This part can apply for computer communication window program terminal, PC plus and Lap link

program.
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- ATTENUATION : avninuiivy ldfunisaanouvesasaianeauas

- BANDWIDTH : Huduaase Transmission Capacity

3.1 NMIAANIU (ATTENUATION)
f1dInanuded 1 (CCITT)
[:] o & 1 L ‘ﬁ' é
Msaanay A (L) SMTuANNEMAAUIEUNITIIUAIUN 1 uay 2 veuduluuee &9

L 4
Yo A

induiduszer L dmualiadl
A (A) = 10log PI/P2indB e, (.1)

A gt o w . a a i ' P 9
{19 P1 (LuUMAaanuIUdy  (Optical Power) NAUNINAIHISHIUE NN 1 voudulouaa

a

P2 (fufdanuuaa  (Optical Power) Mid Funruszudd 2 veudulouas

msmannuded 2
& M31 Homogeneous Fiber (181Aa717¢ Mode Equilibrium) A15aanauasniien1ue?
a(A) Ao :
a (A) = AQA)/L dBkm e (3.2)

dodunn : carrT il deueuzla 9 udlBudasdwesmsnanenludndin1diuedie

-f A = 850 wTuwms msaaneunisesdesnit 4 dB/km Lnazﬂ1ﬂ15aﬂmumﬂqﬂﬂm‘lﬁ

e

wa;jﬁnnssuf‘s'ﬁﬂ'nsnﬁmm“ﬁfimiwmm 2-2.5 dB/km
Sf A = 1,300 wTuwas msaemoundsezosnd 2 dBkm warAIMsaANeUAgATin 1Sy

agliA1 0.8—0.9 dB/km
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Absorption
| o w A a a o 1 @ a 4
f1® mmﬂ‘naummmﬂﬂmﬂmmamﬂauuwawmszmwiﬂmuﬂu ataﬂmaﬂuwaa

(Shell) fingsouusnvasezasuvesgiiniiiufna1eTuds

Scattering

Humsaanouiidudeunin dwmlngiiannanvuansesvendulonsauss (mindauas

msldau)

32 UUUAIAS (BANDWIDTH)

15118n31w18291 Bandwidth veudulouaagndiialay Intrinsic Characteristics
2 Wszmsfie

1. Intermodal Dispersion

2. Chromatic Dispersion

Intermodal Dispersion
' i1 o d ' ’ o o a
UAaY propagation Modes ﬁmmuﬂzﬁmmﬁ'aﬂqu (Group Speed) ANNU wldifams

1 4 []
douvesdnanduns I ludulouas

Chromatic Dispersion

mdwilfnmues g iudsiuauniuenaiusmiy Spectral widh vesmasiuilauda
L“L‘luﬁamsﬁ'l‘lﬁ'zﬁﬂﬂ'ﬁr?:uuﬂjmﬁﬂujig'nmﬁlﬁuma"lﬂimﬁuiuum

Intermodal Dispersion Lﬂuﬁﬂumxﬁmyﬁﬁﬁmmm Multimode Fibres hﬂszﬁ Chromatic

o W

Dispersion Lfluﬁ'ﬂymxﬁmyﬁmﬂmﬂm Monomode Fibres
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o dB/km
20 +
10 +
P wavelength
05 06 07 08 0.9 1 1.1 1.2 1.3
Absorption
o dB/km
A
20 +
10 +
P wavelength
05 06 07 038 0.9 1 1.1 1.2 1.3

reyleight scattering

517 3.1 nsluaagauiAinITaANBUILY Absorptionilag Reyleight Scattering

foduna : CCITT fvuald a1 Bandwidth Taena'ly a5eziiannnndi 200 MHzkm
(luilegifu i1 Bandwidth 1 18u10071 1000 MHzkm fin21menaaly 850 nm uazwuin

171 2000 MHzkm 992148719984 1300 nm)
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33 unuaIasmsaemsiudulunas (BANDWIDTH OF OPTICAL FIBRE LINK)
Bandwidth (B ) %04 Optical Fibre Link A7 L Miiasinmsaotarwveaudulouas
Uszian@oady 2 &y wiewnnnindindedu @anusnediaiosiige 2400 m) ewnsofuim

18 Taeldgns
B, =B (/r)

- B o Bandwidth §115UANE12 1 km
-t f® Concatenation Factor : 0.5<r < 1
- L fio A7N817U99 Route
Hosefidumafmuaiildnnnsnaneuilesn waues Mode Coupling HazAUMI

v v
499 Index — profile TuidulsfdeidnAefuriuunndraiy

A15199 3.1 LAALAIVDI Concatenation Factor (r) 14 3 n3di

A (nm) MHz.km r
850 > 350 0.75
1300 > 2000 0.6
1300 > 1200 0.9

Y o A a A o ] a duva o o v vy d A
UYOIUNA l‘W'E]“rTﬁﬂlﬁU\iﬂ')'mﬁﬂﬁu’ﬂa'lmﬂﬂilu'lﬂ iNi]'IUJuﬂﬂ\illﬂﬂ\ﬂﬁlﬂuﬂﬂﬂ?'muﬂﬂ

#19521719 Optical dB 1182 Electrical dB 1 Optical Power fidumellauduloumagnan
youlndmisvesinnuigud nsaameuiifisidy 3 aB Winamamed s l¥nszumont
wn fidudadaulasnsefy Electrical Power szifu myaameu 3 dB ey Optical LMINY
M3RANBY 6 dB M Electrical M3rh dB fle Sandiuvesdmnulszandontu dufu 3

adsflusinsaaneuinanhfiszyaiislumenes ‘Optical’ %3 ‘Electrical’
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PO PO/2
FIBRE
Pl ATTENUATION [
OPTICAL POWER EMITTER OPTICAL POWER RECEIVER

519 3.2 myaaneuvouduloueds

W Po 1iu Optical Power

o w 4 4 v Y
ﬂ'lﬁﬁﬂ‘ﬂﬂuﬂ'lﬁsN'luﬂlQQLL?N?IQﬂﬁ\iﬂu\i'U:;’L“ﬂ'lﬂ‘l]ﬂ'lﬁﬁﬂﬂﬂﬂiﬂﬁﬂ')ﬂ dB ﬁﬂ
10 log Po/(Po/2) = 10log 2 = 3 dB

¥ pe i1y Electrical Power
auuA Optical Power Po  ifiwulddunszua’ldh k1

Optical Power Po/2 wov'lanunszualiih k2

@o k Wumanla q uanszua v ki Aev'lddy Electrical Power Pe = kI*Tusiues
7] 1) L7 A - 1 .7
@y nszua i k122 deuieulAfY Electrical Power k%4 &alifuniiy Pe/d
(-] r A A L [] (-]
MIAANDUMAINTUYOWAIAINTINT sz Bousumsaanaumasau i
(luvas dB) aamny
10 log Pe/Pe/4 = 10 log 4 = 6dB
] 2] A o 5y ° i v o . v .
p61915Aam Henums ddesirlunufseusuiunaldluau  Optical Transmission
] ] ¥y
Funidhleasefum uuuaing (Bandwidth) Hd198afummedia 3 dB m19 Optical v3e 6 dB
1119 Electrical 11194
1 [ [} d' 1 [ 3y [ U J L]
Wulsuasdrennmsivdavulanzasaihgudnyaznesdusudeszivegdy
ANVIIINAUVDILLAS

g

volfidunnd1 Bandwidth 1ail% Intrinsic Charateristic wouduloues msrziudida Ty
dllg 1KY I o A [} v adq Y d o LY A A o 9
Wanvuegiuumasiullaua (3 Seanlstluainszdu, anuonadunds (Judu)
Tumeasaiud dsingmsaiialy (intermodal Dispersion ta¢ Chromatic Dispersion)

o
1)U Intrinsic Characteristics UBQLE%’ wlosas



34 i’llﬂﬁ1ﬂuﬂﬂi$lﬂﬂﬂlﬂﬂli§u‘lﬂllﬁﬂ (CONCEPT OF FIBER CATEGORY)
French PTT 'lﬁ'ﬁmumli zmmmnf’fu‘luum Multimode 50/125 Graded — index Fibre

[ 9y 4 dy
muﬂﬂﬂumswﬂmmw

A = 850 nm A = 1300 nm
GATEGORY A MHz.km A MHz.km
DB/km dB/km
I 1 1000
Il 3.2 350 1.2 750
111 1.2 500
v 4 300

A157199 3.2 Ysznnveudu lowas Multimode Y119 50/125

4 ]
i1 Concatenation Factor (r) Y8904 4 Uszin asnaasluaisian 3.3

CATEGORY A = 0.85 um A= 13 um
I 0.9
I 0.85 0.9
111 0.9
v 0.75

[ 9y
15197 3.3 uEAIA1 Concatenation Factor Y9994 4 15210N

o - o & e & &
TuA15199 3.4 UaAIDY Bandwidth veudulefulsfudivegiufleidudelali

- 52UgNN  (Length)

- dsznnveuduly (Category)

- ANUEINIY (Wavelength)



Optical Fiber Bandwidth as a Function of Wavelength

L Bandwidth in MHz at 6 dB Electrical
In A = 0.85 um A = 13 um
Metre II v I 1 11
500 630 478 1866 1399 933
1000 350 300 1000 750 500
1500 247 225 594 520 347
2000 194 184 535 401 287
2500 160 157 438 328 1 219
3000 137 139 372 297 186
3500 120 124 323 242 161
4000 107 113 287 215 143
4500 97 104 258 193 129
5000 89 97 234 176 117
6000 76 85 119 149 99
7000 66 76 137 130 86
8000 59 69 153 115 76
9000 - 54 64 138 103 69
10000 49 59 125 94 62
12000 42 52 106 80 53
14000 37 47 93 69 46
16000 33 43 82 61 41
18000 29 39 74 55 37
20000 27 36 67 50 33
22000 25 34 61 46 30
24000 23 32 57 42 28

{ ' P o so 1
@15199 3.4 11aA9A1 Bandwidth 1y lotarediusfuaauilandueia
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aaInuHAueg (Light Source)
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Py 1 @ o = @ 1o a yd @ ]
uag uaudunusa 3un71 “aanulaunae” wasnunduiaoeny HitluAININ1Ie15 (Information-
. 9 d' o dy = d’! =) d' d' o = ; =
Carrier) DaaNNAYUINNEINEY YTeA1NDRY uazdanedl Phase Front adiuaye (51500
Y e o q’: ] ] g @ 6 A ] 0o a H
uvaef iyl Coherent Source 8819 lsneuAIRuiALadWINoE IR wiTALaand]

[l + b
ANVIIATUUANAIINY (1AL Phase Front lasiuauod i wiiauaauuiliSoni1 Incoherent Source

LA W o A d'd
41  faEudAmNuHauEIng
¢ . ' a 4 s a ' v o
gUnsal  Solid - State 1BU N UTawes Wendulalealijinnzvindauazannsooen
npuldiiddege  dse@nBamgald  dnhwmaunuTassouasgunsellWwfhszuumsfears
v o o F 4 A A [ o’: wa @ o a 4 a o o a
dosduiiulidsinionn dniu  quandAvesdiiuliauas slanudidginn  Januuan
] LY ' wa A 1 ' . ] Yoo ¢
anfuuesluguauianimunzauiga U Output Intensity tazANEIAIUEBINIT2YNA
Yo 4'1 [} 1 d'd’ Y a -~ wa
WiumsFemsmaasriuussnmd uag dulouae udlundies ldWesendunwzguauian
foamsdmivsesvudulonas daglluasien 41
v o A Aa =Y wa } 5 d’ =)
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1. Output Power MdsnudiganindsIdsunnundaduiauasinsanldnnmsgey

[
a8 v @

oveuduluus (A) uasddsudigaiigrunasannsonsnsuld ) Wua - 4548 uas
S = -45 dB wWisnunnunastuiasasezdeunnni 1 mw Tumelfiadaduiiauaciianas
amnsoldsufiauasfiimdsausendie 10 8¢ 100 mw
2. Power Efficiency
sznamuesginsaimldain
MN=(Po/Pe)*100%  eorererercrerrmeeennns 4.1)

& a
14D Pe 719 Input power

Po 1D Output power

Tuilspiudoamsidlsz@ninmunnndn 10% ualusuinaeiees Iddszaniniwgads

50%



PROPERTY

REQUIREMENT

TARGET

Primary Characteristics Wavelength

Reliability

Output power

Power efficiency

Desirable Propertys

Spectral width (temporal,coherence)

Focusing effect

Modulation

Size & weight cost

It must operate at a wavelength

W itch gives low loss and low
Dispersion in fiber

Long life , good stability of
Operation , and good reproductbi-
Lity of output characteristics are
Necessary

System demand must be met

It muet operate with an electric
Power supply requiring only a
Low power and low voltage ,

And the amount of waste heat
Generated must be small.

It must have a spectral width
enables the maximum bandwidth
Of the optical fiber to be realized
System.

It should be possible to focus the
Qutput on to the fiber and to obtian
Hight coupling efficiency.

Direct modulation must be possible
Or coupling to an external modulation
Made easy.

It must be small and light .

Mass production and low cost are

Desirable.

0.85,1.3,1.6

Life=10"h

< I mW
>10%

Target must be
determined by the

scale of the

A5 4.1 guautinanudesnsvesssuuduloues
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3) Operating Wavelength
& o0 =~ d'd 4‘! & & Y =
ﬂ')ﬂ'lluﬂllﬁ\?ﬂllﬂ')'lllﬂ'l')ﬂﬁﬂﬂiZU'lm 0.95 },lm #io 1.0-1.6 },lm “ﬁQLﬁNIULLﬁQUﬂ'ﬁq‘Q’l
s o VoA da A Y a e . ) .
o Taomwizedegsnianuenadulndies 1.3 Um W@uloueeszsill Material  Dispersion

1azdl Bandwidth A9

4) Spectral Width
Spectral Width INOAD Transmission Bandwidth 8819310 UTEUY Low — capacity fl
ad o 1 o & o = !
A99M3 Bandwidth viawwnnding uvasduiiauasernlddufiauaeiill Spectral Width
v Tuwas g uuInd1deems Bandwidth N3 dean Spectral Width adeea’lsh
dao J (Y & A 9y A Y
aundruBgiuANUIAAUN IFAmM Ui
Tuszuufily Single Mode Fiber aaulve) Spectral Width aziiludasifia
Transmission Bandwidth (WSIZAYHNAMUEY Core AsumINANUEINGY
j 4 ] ] [
Ay (oAl uiiaueell Spectral Width N191AANS Broaden 499 Pulse Mdalil
A 4 & o 4 A 4 & ¢
issnnanuendussiuegiunmndoun  luwdulouaaiznlil  esdisenevves
& { t ar . 1 o
ANUINAUNANULET Delay Time A1AUUTZUIM 100 ps/om  PABATLHZNIWII 1 km

7NN 0.85 Lm

5) Modulation
v o W o o o @ o o { Y
HadvdrrglumssmuannuduSonsedumatvesdrduianasildlussuudomsna
A YY) Y 1A a o 9/ f) o o
uee Ao uasensovegandudyana I ldedeililszdnnmnadoufive lsnnudingves

o = o ) 4 " A o [y
msueﬂmWﬂgﬁanq'nﬁueqmmemaztmmﬂuummqmmmﬁfauﬂamﬂuuazﬂu"lff’f

6) Reliability
¥ 'ﬂ 2 o _d o 9 Y 4y )
oM lsanutiudadutly  Inilgiudesnseymslénuonnun  megwandesmsiig
Y] =¥~ Al 4 Yo o = o’: gy
91gMs 1FmeIUNAe  auNANIUUNIRIFAlauas 10 g togszuuianuaszldau
] & o o 1 ? o o~ 1
B8 dryalaganilsvesszuumgaman audavaizanuiheadly undsduiiauasudazynoe
) My o P A d v 44 1 o a Ao g - v a
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Modulation of LDs
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4.5  Source Coupling into an Optical Fiber
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Uni 5
AI5ULLEa (Photo detector)
LA L Ad
51 faEuUAveImIsuLaInf
flaedu Output vouduloue sxdealigUnselfuuea tourlas Information ussqunld

o

o e & o 2 v Yo w A
ﬂfllui].‘l'lmuﬂ\‘i Qﬂﬂim‘ﬁulﬁﬂﬂUQLﬂiﬂQiUﬂﬂﬂ Photo detector °]N%35U§ﬂ1a011ullﬂ0ﬂu1ﬂﬂﬂ5$'ﬂu

] £ 4
uaznldouldeglugdvesnszualvih (ilossnmsaaneulwdulonaq) Saiu Photo detector 92

destinnuamnsalumsiaugs quamivesdrfunasimmnzausussuudulonasie
1. inM3ADUEUDA (Response) 30 M353U3 (Sensitivity) geaoualugiennunauildau
s

.3 Noise #1

.1i Bandwidth INeSWOEMTU Data Rate g4

2
3
4. liasudsulaeunugun gl
5. fvwnamangeauiuduloes
a A ga a o L)
6. fisrmgnilenlSouifisuiugunseiou 4
7

. 91gMs I nug1IuIY

Qﬂﬂiﬂf Photo detector UM@W¥HUA I¥U Photo multipliers, Semiconductor Based Photo
1t d o o =y o waly 1
conductors, Phototransistors (1 Photodiodes Apsna lsnn msmmmmﬁmqmﬁﬂmﬁuum"ln
o . g . q "
iflu'liaudeens Photo multiplier UsznouAIY Photo cathode 110y Electron Multiplier 53101y
- o . ° ) 'y o <4 1
navAgYaNMA oA IEIBE Loz Noise A1 uaivwia ngidesnisuseiu Inihge e luimanzay
[y o o 4 A ] . @ o { o
ﬂUi%'U‘lJLf‘YﬂiUllﬂ\i 113U Photo detector ﬁti‘lumsmmm, Photodiode lﬂuﬁ’liuuﬁ\‘lﬁlﬁﬂ'l%ﬁi]ﬂu
A -3 [ a d . Hq
ssuudulonaamsziivinann Jaqmanzaufinnulige uagnsaeuausasa Photodiodes 119
s &
31U 2 YUIA AD
1. PIN Diode
2. APD (Avalanche Photodiode)



51

52  vianmsiesnuveslldlalen( Photodiodes)

5.2.1 PIN Photo detector
' o .4 "
51 5.1 uetaslnseerdaues Pin Diode Fe1fszneudau P uag n Region Nuunviniulay
. . . . o a b 4 o . 9 :i o 9
Intrinsic (i) Region luanzAINOUYnf vzdoatlouissdu Reverse Bias 1Hunnofaginlv
U500 i Region 1 Carriers tMdvogiay e Iasunlindsauminunsonnnd1 Energy Gap 41
J o 9 1a 9 9y é’

annseny Irlpeuszaomudsnuliundlanasou uaznszdulidionnsousin Valence Band i

luJoglu Conduction Band A TsgARduNaeTi AR Electron - hole Pairs 73R “Photo
carriers” tWs1zi8u Trlmendivh1Wifn Change Carriers fauanalugali 5.2 Photo detector f:gﬂﬂﬂﬂ
wu Welfimsadaa Carriers d'su’lmjtﬁﬂi‘}’uu‘?nm Depletion Region @lin1sganiiu Tiaew o
InfhiRaduusioe Depletion Region fif1garin1¥ Carriers gnuunesny iy uazidanszue Iidh

Traluresnisuen S8n71 “Photo current”

LY o o -1
gadnuusidneaodlszn13uee Photo detector NAD
1. Quantum Efficiency

2. Response Speed

_{'... -

RL§ Load
Y Output
resister

Ip

Bias voltage

Photodiode

p Hole i Electron n
lo}
@——0
4
I

Photron

51/#5.1 Tnsead19veePinPhotodiode
vz ludadeundy



52

P-type Depletion n-Type
semiconductor region semiconductor
| ; Diffusion region
® o | ! oftheholes

: i

1 [}

h h, :
:

[}

[}

[l

]
|
|
i
:
1
! Conduction band
[ ]
:
1
1
1
i
1

Diffusion region A !
1
of the electrons \ !

[ ]
Valence band

5171 5.2 msvhauve I 1A laTeavas ludadeundy

b4 b4
d @& v A

~ J L. o 1 g i
WdineiNiaesdafliuegiy Energy Gap voeiagiild, anwunaduiilden, as

Loping HagAMNNNUIUBI p,i UDL n region Quantum Efficiency (1] ) m1lden

¥ F4
T| = %147 Electron ~ hole Pairs Nifndu

1 TdnsuRuannsEHU

= Ig/q ............... (5-1)
PO/hV

i ad
Ip fio Average Photocurrent nnATY

P fio Steady - state Average optical Power nannsENY

#1151 Photodiode 114711\11]5‘13'8 Triaau 100 @2 92¥1 1¥1AA Electronhole pairs FENIN 30~

b 4
1T o

95 § #9111 quantum Efficiency fifilszanat 30 - 95 % We 1 1A Quantum Efficiency g Avald
. Ve P R ] 2 . o
Depletion Layer nuwe 3¢ ldfinisganduuas’léun uset1alsnai 89 Depletion layer MU0
: 4 . . . ga . 1 .
Carriers figA@319%U 92 Drift 410 reverse — biased Junction AgeeIMMIHBININIAT TFIUMS Drift
b 4
Y94 Carriers 1JWOAB Response Speed U949 Photodiode faHH szABalfiiiAnuwefAiusEnI

Response Speed 11 Quantum Efficiency



53
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5.2.1 ué‘mzmucﬁwiﬁ"lﬂiaﬂ (Avalanche photodiodes)
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NNANMT (5.2)
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Comment

Counter ramp

Tracking

Successive

Approximation

Single ramp

Dual ramp

Parallel “ flash”

Low speed —up to
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74194 4 i - VIVie i
L) P
74195 4 y - YN y

a (daa d ' 4 da o q¥a ' v
UNUINYDI ‘Ifwﬂiﬂﬁlﬂﬂi PNDYIHUINAD ‘m'lﬂLﬂﬂﬂ‘liﬂu’Nl’m‘l‘Umilaga 1”531]1]

Parallel-in (1A Series-out IWATIAMADS ¥inA n Tn wwinm @-1) T uazluszuy Series-in
/Series-out TNEITAABTILMUIIAT n+(n-1)T = (2n-1) Tuidle T Sumunatadurian nsldam
Svissame ludnuaeiGond Digital Delay Line

FWASTAADT LY Parallel — in / Series-out €313 nﬁmfﬁﬁxﬁu Sequence Generator 51!5'\311?1'
iynidu Binary Word anfidmundaedinesdnuasidus MABITMYDIIIAUTADANS
(Character Generator) A1 ULAAIUUIDMNYBIADURUADS

° Jd a (daa J o . . ¥
dninoninn Q, ¥os FATimans Hounduidinig Series-input Yoyavznyuiouegly

4 []
v AAa o

a (daa o A ° ] v d 9 Yy 9 a 1ta A z
AT vames lavszidou i 1 duwmianasanll adenndadidnin ddeyall 1 egiame weniu
y o i g Y . a Qs LY
il 0 nua 2993i9zimINA 1Wu29951Y Ring counter §13995152n0ud0 WaWany n d2 erfy
=& & I'd o 1 o 1 & [~ P 3 = 4:‘19
0 4 n-1 unztilosnuomiymandumisladumimils sedlunilsnfudvalua nT 290siisadiy

v 24 Yo da 4 ' v ¢ a & g9 a ¥
WNWUINIIAWn mwz‘lﬂwaﬂmmm‘m 19nAd 1 Had UINMYUVININNWNOUNN n qn 6”]‘11639,’611{‘14
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o a ] d" 0 9 & d . . 9/ P o
@ugu 2 1a q 119U m G0 1agh m <n 2esHezi My Circulating Memory d03adagnfin
t4 y
Tnyuaeglumibsanudwuuil annsagn ‘©n senuuveynsuld 1 afsdenu nT
y a (daa o o P a a
Tasenutiz1danassamesives 74166 FauduTWATIaAoSUUY Parallel - in / Series-out

° ¥ o 4 q o d . A o
1’1’111‘14’11’115']14 Sequence Generator m‘lmm‘nwmﬂu Binary Word fIMUNNIHUATINIGT A/D

6. 6 19INANTIWAY
asmndauasszdsznoulude 2 ssnissneunan 1dun
1. 29939Ud YY1 (Driver Circuit )

2. dulasdyaa Wiududyaneuas (Electrical to Optical Converter)

6.6.1 Nili{ll‘ljtgfq,lmuml (Driver Circuit)
2esvudyauiludiuddgisislfundsduianasiidulaleanlasas  (LED) 3o
eilalea (LD) e ldetndidsz@ninm qldnngln 6.12 dnvazisesdudygiudmsy

Yy ¥

laToanlaaues (LED) Aoudeszunnaaniniesaryes lalea (LD) natliiesninlaloan)asuas
(LED) ﬁﬂmﬁuﬁﬁmmL‘ﬂwﬁ?qLf’r'u1un15qu'iqummnﬁmszua"lué’ama Midmuzdmsussuy
msdems N ludeya surnen Iuvasindsnuuas Mlasssenunnareslalea (LD) ndl
a ' d o P o ' A d ¥ A
msuldsunlasgann eg1esaasae 1 nssud luda ganhinszuamsslaaa (1, Msaaniosis

a b4 'Y Y] Ay an
fiouldresiaires laTon Aunesdudygruiiideyauuuaiaea

(.24

6.6.2 sautasfaanalniuiludayanamas (Electrical to Optical Converter)

v v

dandasdyaa Iihududyasuadilflussuumsfadedomsiumaduloudnh

0 v

wae'ldun laTeauldaues (LED) wag s laloa (LD)

§ R
LED
R nan
[Los @ -
Input Signal \]:5 L
// Input O—D_@
LED Signal
() ® /7l77

514 6.12 2993 lanne$ LED uuuadnea

Q
Y1
¥
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uilaTeaulaaes (LED)wzmmzdmiumsdedanna ourann (Analog) ta luszuude

1 { oy e 1 i A s L
amslnd q aunselddedoyaniiudiaeald dusureesluzifl 6.12 Fudhursesdudyanauny
dw 2eslugyl 612 (@) Mdmivddoyaifinudu 1 nsdSaen Tavrwesnszuai Inarugn

o J < J o
ﬂTﬁuﬂTﬂUﬂixllﬁﬂUﬁmﬂm@i VOINI UK AIRDT Q1 mmmmmm‘lﬁ'mnamw

L=1.=Vee - Ve /Ry oo, (6.2)

A [ o ] o A Ao
o v, 1Whuussduannseu LED ‘umzll‘ueﬁmq Nﬂ'lﬂ'lllﬁlﬂﬂ“/lﬂ'lﬁﬂﬂ

<] @ A a2 A A o &
asuaud I Wudniuguassud I, onhmilawaums I =1,/ B e B fiefsveisves

a J °
nIuGameiuas I, Aonldnn

I = (Vigwo) = Vs = Vi) /Ry corerorerremneesncesnnnnnnns (6.3)

@ 9

(310 V,puax, ROAMTIAUTIAVRITYRNOUd T RIS AU IAUNNATADD “17

v v

: - & ! oy { \
2095317 6.13(b) WuBndnuaiznilsvesnsdedeyadtneaniliadesnminnniiees lugd

4 ¥

al o [] i o o o
#i 6.13(a) Tao14loSiues 75451 oaedufing vesuuusinagnimualifiannzasdmiiu «1~

fiauilu +5v vifimdelddmivdadoynlastuvneiidoyaifiu «1» exlivhan unsiledsdoya
iy «om wwdsdyanauateonin daududulszy C v‘imﬂwﬁﬁﬂﬂéﬁmmmw% AN Ry
smuamathnszua I uazussdunwie v sedluludaasedddy LED anuduiussznin
anudmumuuaznszualaloaluaunis

Re=Vee= Vi / L e (6.4)

LY

Tnsseniitesidlodiued 75451 dhinesdudyana Tndmuamlngede Ui
VCC=5V,VF=1.62V,IF=48 mA
annsodmnam Rs' W ddl  Rs=s5v-1.62/48mA
RS= 70.4 Q

ﬁ";uﬂmé‘r’ngnym"Mﬁ1vﬂué'r'tgqpnu,mqvmTﬂsmufﬁ%'"lﬂiemﬂémm (LED) U035 HFBR-
1402 Wumsdadoyauuy Series Tﬂuﬁﬂmanﬁﬁﬁaﬁie'lﬂf‘; amnsodedoynlfgega SMBd il
aMueIndY 820 am nssueluda () Hmnssuagega 100 ma defumeloudniuasuing
62.5/125 Lm §if1 NA iy 0.275 idieSandsanussdsonniniinnueniais 1 wasezldndanu
0NN —14 dBm W30 40pUW misApagesmads ldinasulasiumeloudniuasmanseg

Qoingulii 6.13



78

+5V
Select RftosetIf  HFBR - 14XX HFBR - 24X2 %AJ?
| TRANSMITTER RECEIVER —>
T 2 vce
[ *-eo—o
= T R vt
3 783
B RL
0.1uF
TRANSMISSION
! i DISTANCE {
' M
'N—' ' =)
PATAN :: ‘; 71l 6.13
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6.7.1 2993MAAY

Analog | A/D Shift Rejister / a Driver Light
—» —»  pPISO b —» Source
Digital DC/DC
> Converter

A - v
5171 6.14 wden laszunsumamada

o

d” LY g -
NITUTINITDITT ﬂJﬂJTm‘lﬂ 2 AaNHUSAD

(1). dyannoutaen (Analog Signal)

(2). dyauATINeD (Digital Signal)
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lusesmadedganaaunsadends]d Tasmsdivaing s1 Faawnsaild 2 nsdl

nsdifi 1 9102993 TX duden s1 10l & uaasiusdesmsdedoyadaaueunen Tavf
Joyn Fygnuemndenssgndeinids us Fullu op-amp  devenouuy lindumadayann
(Non-Inverting Amplifier) Hmhilvenudayaadumn éeﬁuwwf’f“l%’ﬁuﬁtytmmamaan CATINGON
we @osnuas dygaaned is9zaruqueniwn ves Us:1 Milseaulifu + sv W05
PONUULTEAVUTIAUSBS (Vref) ¥89AD 3 +5V daw Us:3 imdhiidudueawaiioss iy

USRI +5V Aedufu s vV ezl LED An

[ o 4 d o 4
wiymves  US wwgndselilds Us duilu AD wvuuas (Flash) vimdhnulas
Toyanaevnaenidiudyg adsasauuurutt 6 in dygnafid cLk dmihiinugudasins

| o ¥

quiethe (Sampling 39Aponuuu'l3f 250 kiz  daygnaidfive B1-Bs szgaideusedhium
PO-PS w84 U7 (74LS166) 39 U7 HuFniTaines(shift Register) 8 i vnshifldeou (snif) Joya
v84 P0-P7 inviuiiiuuuveynsuseniivi Q7 Tavazdsdoyn P7—>P6—>Ps.....P0 awdidy
Taoft P7 fio MSB uaz PO AB LSB 1 CLK1 (fuvn / Tnan (Shift/ Load) mavhaudie ilovil
(I “High” uamiwmzﬁﬁuw%’anﬁ%ztﬁau%y‘aaaﬂ"lﬂ @odayananniim (Clock) VoUTIY
it LK1 U7 szidoudeyaeenliufi dauan p6 de “17 uag P7 de “0 1deonuuy e
n1$1unsFaTns lud(Synchronize) Foyasznumniuuazamads FamdnmsszoFuioiudau
YDINIANTY

nsdin 2 &Sy s1 TR b uaasiusideansdadeyaniadtaen  Tausideautas

[y

doyanaldeyluszdy +5 Ao o v Tauld VR2 uaz NOT GATE dyanefesgndalids 75451
4 o P2 o aa = ' o . &
govmthiulasdyanuatnealdimnzauiitzdudnlineslasnes Oriver) LED dauilas

Fyana Wi 18w dyenauasdely

o - o ¢ . a ° Y A =
U1 uag U2 fuluuns iniines Binary Counter) 4 n U1 vhwmvhiidiunsssmisanud
Taodgyanau#nud (Clock IN) (iU 8 MHz N19I0KEAN (Crystal) 4119AIND 8MHz ANUDT

4=§ ' o ] 14 . 2 o

doan13fie 2 MHz 391411910 QB dqu U2 sgvihminiins 8 snanuanmu Ul et 1y 14l
L] ar 1 & 3 o { Q

MIguAIB0N (Sampling) ¥4 U6 Fuflu AD  Tlavhi U3 waz U4A dhmdhiiedudyga

5/ Tnaa (Shift/Load) tietlouldiu U7 de'ld
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6.7.2 1IINASY

Bit Clock
+
Sync Generator
Photo a Shift Register Latch D/A Low PASS
I /1 ag > >

Detect b SIPO Filter
From Analog
Optic

DC/DC
—p
Converter Digital

{ -] [
1fi 6.16 udenlaszunsumediusy

9112995 RX #291/nsalfunas (Photo Detector) HFBR 2404 yimehiludeudaya s

a o o o o
nnmelwesesrdn ndundudyanainfiinn 6 vesginsalfuuas (Photo Detector) 910

L 4
LY ]

WY NOT Gate 31zl HFBR 2402 Timnunondumadayeas (nverting Amplifier) 1519918

]
o ~

o ' { 1 o o an o
dygnaigndessuninde s flonli a ueasiusifesmaihdygudtaea Tdudasnduiy

o
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Pin Assignment ( Top View)
Rext
Vee (u¢ Ne Cext Ne Rint O
14 13 12 11 10 9 8
Rint
— N
p Q-
CLR a L

Al

A2 B1 B2

CLR O GND

51 6.18 Taseadamolulofiwes 74122

Function Table of IC 74122
Input Qutput
CLEAR | Al A2 Bl B2 Q O
L X X X X L H
X H H X X L H
X X X L X L H
X X X X L L H
X L X H H L H
H L x T =H nor
H r xu T T
H X L H H L H
H X L | H Inl 1r
H x . H T I 1r
H H T H H Inl 1T
H T THu H JL T
H T HH H n 1r
™ L X H H n 1r
T X L H H o uwr

71fi 6.19 msemsinuvesledives 74122
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) mlml DATA 1 IBl’B’!l DATA. 2 |BIIBTI DATA 3 |BIIB7|DATA4

v | U L L
o | | | L

U7 6.20 m3dalnsluddyanudeya

] 1 4
nngIfl 620 () Aednwaizvesdggnadeya B8 W “0” B7 dlu “17 Asninmeduds
el lumsdadyananiim (Clock) Memumasuidlinmddygramdudygiauiinim

[ o 1 a ¢ o . . as
mage Masunaznndees 1@z Ins ludiadu (Synchronization)fiu

e =Y o ! [ A
M3Mure99s TuTuaaiia (Mono Stable) 19a151ussviai 9 9103l 6.19(0b) Lo
3 I¥Sudyanadoyadin 8 ity <07 in 7 whiy “1” Bamsn/feuudasnn o diu 1 ezifa
o o od o a "\ w ] o
Jayanantad 11 siddu <17 uazvr 6 wilhu 07 veanlod 7418122 5deum 4 ietlosdiu
a a o o @ o
anvRanaavme 2903 I Tumadaddadudyanatad msizluvazn 8 du «1” v16 92
ﬂ 14 ° 9 2o ] Y o v dao v a Y
o A st liannseadndygraiadduin lddendann Be uaz Bs miify

“0” ag “1” MUF AL

1571925 ua1 VR1 uaz VR2 Wimingauiezildges InTuamidia (Mono  Stable) futia

o d '

} 4 ]
Tyanawaden Bs whdy «0” uag B7 midu “1” mmiu 519z Tddyananiugl 6.20 (b)

v ¥ ' [] ]
Foyaauit 180 nses TuTumadia senfivn Q vesled 741874 Hmdhiimisanudag 2 1

Fa31ft 6.20 (o) oAty Bit Rate / 16 Fayanauitldverinudhg 2evsmiadongil (Phase
Lock Loop) 1150 PLL 1at14'1od NEs64 c’ﬁemmsni%’ﬁumwﬁqaﬁe 50 MHz 2995 PLL §A0ld
muifhnssguanud Tav NES64 wewsdnmaadsuym a1 6 fu 013 Wilanudinidu dau
74LS193 ﬁmﬁ'ﬁmimmﬁ'm 16 ¥ Lmﬁwmaﬂﬁﬂlw (QD) Aolauiin (Feedback) 1dfiuan 3

U039 NE564
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5192 18RV 3 YDA NES64 =  ANDNY1 9/16
. 44 dda
SAMENN e = anwanouwnxl6

g !
= Awi5(Bit Rate) voanmsdadoya

9101 9 Y94 NE564 #11 NOT Gate 1o 1# Iadayanaiu1in (Clock) filinnuuvanauiay

i1/ 1auee

DATA 1 DATA 2
B8 B7 B6 B5 B4 B3 B2 B1 B8 B1
B8 B7 B6 BS B4 B3 B2 B1 B2
B8 B7 B6 Bb B4 B3 B2 B3
B8 B7 B6 Bb B4 B3 B4
B8 B7 B6 B5 B4 B5
B8 B7 B6 B5 B6
B8 B7 B6 B7
B8 B7 B8

Latch Clock

P 171 621 FW3Temnes (Shift Register : Serial Input to Parallel Output)
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] P 2L o - a e . . .
ApuIgN 74LS164 Favhmihndusnstanes (Shift Register : Serial Input to Parallel Output)
U o/ « é o :‘ s dl
dadhninuag (Latch) Taol¥led 7418374 Gatmhfnaadedeyaen13nu Qo — Q7 deyase
g Q. o J o
Sl Aidledyanannfim(Clock) vouaiy ( 4 | ) 74Ls374 AagSudeyama Do - D7 udauaa
faer 13 Qo -7 deluiima D/ A M1¥led DAcosoo 1A lddyanaerasnoennf
] 1 s é o d' d' o |
14 989 DAC0800 dudhg o LF3s1A Faimihiin/founszualfiiluusedu dauLrssis 18
ponuuuiusnsssdaananudid (Low Pass Filter) 90AUUY fo= 20 kHz @2 S3 v
- o a9 A 9 o I\ ya @ w '
denyaresnsesdyananiudd el lddyanuewaenlilalndifvsfiudyanunininds

Thunniige
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uni 7

N1INAAIUATHANTINAAD]

d
7.1 gaszasnnisnaned
A o @ di aa o
Linefnmmsulasdyanaunndyanaowaeniuddaen uaz ulasdgyapaunindyau
Asnoaitluouinen
A (Y 1 9 . [} a Y o
2. /efnuINsTudedeyasT Y Simplex Wuaida loun e
4'{ [ o Qs 9 1 ot ] @ @
3. fiefinu13U5 190y ML YRITYRIUN19ATY Input UAT Output U5 dnyusveeTy e

) (Y -~ J LY A [}
muaunumaummqnuma"lu
A wa L£Y 1 [ - wa o ] 9
4.!.waﬁﬂymmﬂumqﬂnsmsummmm'nuﬂmfmmms'nmuama"ls‘mq

ol

7.2 NQUYNUGIU

msfemsdeyadyaadtaea Aumdaloudniuas lunumadiidosmsdedaygnude

4 o 4 [ o aa ' { 1o { Cd @

yahdludgyanaewiasn wwgnildoutiudyanadiasadeniiszdede luiigunssluasdeyano v

@ . R L&Y t ~ gA 3 1
Hufludyanauias Electrical to Optical) gUnsaidana1InlFlugananesnae LED mimiuvzgnds
puaidialoud i (Fiber Optic Cable) Tfsmasy Tavezii I laTen (Photo diode) imiind
FHuginseliasdyanamaaiiudyanavi (Optical to Blectrical) aandy woldninsuinms

{ o { aa o o o o
wasudyananidluataeandulidudyaadeynouasnamiay
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DIGITAL COMMUNICATION OPTICAL FIBRE SYSTEM

O 00 © ©O ¢

GAINADI VRI VR2 O\CLLLL )| rwr GND  Swi
© © ©
ANALOG INPUT OPTICAL OUTPUT DIGITAL INPUT
TRANSMITTER

¥

AN

DIGITAL COMMUNICATION OPTICAL FIBRE SYSTEM

09220 Q0eEdQ 29279

SWi1 SW1

o) © @& 2

OPTICAL OUTPUT
ANALOG INPUT © DIGITAL INPUT
GND
RECEIVER

AN

N7 (a)(b) uarAInTINAIMLesgUnToiuaazi)

Ammthindes

Aumiandod

Munthndon

Andindes
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7.3 HaMINaadg

1InMInaasInsdsdanuatasarumaloudniwas sannsadadyanald

y
aaTwaz@uane 11l

LeCroy
Auto L5140

AC, BUWL:Full
UeCenter 3.2V
teCenter 2 .00vs

CH2

400ns

PRI A |
LI

AN AR

A A
Lag 3% S5 BN BILEN B )

CH2

TRIGGER on CHi

CURSORS on CH2 ——mjﬁh__ &i??d 1/"53 ( 53)

CH2Z MEASUREMENTS

~= 1,9%us

--- 2 36us Mmax 2.4Y mean B4mY

At -390ns freqlil 2.000MHz per M 500ns
fall < 1?ns  pkpk 4.3y

178t 2,56HHz

JU 7.1 daygy1ae Clock Yu1A 2 MHz v83 74LS193(U1) 12



1Y)
Sus

CH1
5V
2us
CH2
1Y)

2us

LeCroy
Auto LS140

AC, BUL:Full
UPCenter 3.2V
teCenter 25 .0us

N . ::::fLL:r_LlrL - rii:j“i:ji‘::=: -

TRIGGER on CHi

CURSORS on CH2 ——mfhh__ %%2?& 1/453 { 53)

--— 24.bus CH2 MEASUREMENTS

--- 29.5us Max 2.1y mean 16mY
at  -4.9us freq Ml 250,0kHz per I 4 .00vus
1/Aat 205kHz fall < 213ns  pkpk 4.0y

31U 7.2 dyas Clock ¥11R 250 kHz V83 74LS193 (U2) 11 6

Sigad) LeCroy
Auto LS140
Hi

C, BUL:Full
@Center -12 ,6V
@Center 10 .00ws

CH!'?TLT T rﬁr... i T rfrr:. ~7 T#P?PT EE? BuL:Full

UeCenter 3.2V
teCenter 10 .00ws

C
A
v
t

- -t ::::ILLL}L]Lt:ILiLLJLLLlf{j:~£:jﬁ"

TRIGGER on CH1
CURSORS on CHZ -_“+F\;__ Line 53 ( 53) cug

Field 1,4
—= 9. B85us CH2 MEASUREMENTS
---  11,B0ws Max 1.9V Mean 240myY
At -1.95us freq il 662 ,4kHz per 1.510us
1748t 513kHz fall < 85ns  pkpk 3.7y

3U% 7.3 ulSoudgyanmin 41 6 ¥8e 74LS13 (CH1) fiv ¥1 13 483 74LS166 (CH2)



CH1
5V

2us
CH2

Y
2us

CURSORS on CHZ2 ‘WFFH‘- %fz?d 1/453 ( 53) T

9.85us
11.80us
-1.95us
174t 513kHz

At

Silgedl] LeCroy
fiuto LS1 4092
CH1

AC, BUL:Full
VU@Center ~-12 .6V
t@Center 10 .00us

[~ A
“\\“w-w_ﬁwf”/ \\M"‘wummfaf”w AC, BUL:Full
URCenter 3.2V
teCenter 10 .00wms
CH2 _—l,*

TRIGGER on CHi

CHZ MEASUREMENTS

Max 1.9y mean 272mY
freqmi 663,5kHz per M 1,505us
fall < 79ns  pkpk 4.0y

@

5171 7.4 nfSsufeudya o sine wave AuBUNN (CHL) 1y Teyy1muves 74LS166 11 13 (CH2)

08-Feb-00 LeCroy
11:56:23 Auto LS140
CH1 o8 reb,11:51:83

it 35 esentue i o0
ous : teCenter 930us

Rt B \H§<‘;... .;;;f,zf'...f*wkﬁg\;:.. ;;: .GEE% 08 Feb11:51:53
cho T4 T Beeanter iz,
200ws

CH2

Sl R

H1+H+ ::::%:'Jr-.-. e T T i 2 1t
ST
1

TRIGGER on CH1i
— ™ Line 162 ( 162) Y

Field 1,2 CHi
CHZ MEASUREMENTS
Max 6.4V Mean 160mY
freq 939,3Hz per 1,0007ms
fallm 335.1us  pkpk 12 .5V

U7 7.5 niSvuioudyau sine wave MIAILBUNN (CHI) Aumedueinm (CH2) finud 1kHz



08-Feb-00 M  LeCroy

12:18:03 Auto LS14093
CHI oe res, 12116143
CH1 i AC, BUL:Ful

U@Center —12 3V
t@Center 99 .,0us

20us f“\\:: //r'j ’"\\\
. s = . s . . . . 0 ol . . L. LR DY . LY DRIy quz 08 F b 12 16 49
QHf\, > \\\\L ,/f/ ™ \\\\_ ///q AC, BUL: Fufl
cﬂz 1 U@Center 2 7U
EU ] t@Center 99 .Ous
20us

¢ H 2 SRR bR
al m\_, ] ﬁ"‘\_/w

TRIGGER on CH1i
_U.J"-._Line 162 ¢ 162) i

Field 1,2 CHi
CH2 MEASUREMENTS
Max 2.6V mean 96mY
freqm 19.99kHz per 50.03wus
fallm 14 .63us  pkpk 5.0V

51l 7.6 nfSoudoudaynnes sine wave N1AA BN (CHL) Aumadiueninm (CH2)

ﬂﬂ?1ﬂﬂ20kHz

08-Feb-00 Abaadl LeCroy
12:00:05 Auto LS140
CH1 T CH1 g0 tee;i1:87:68
=4h I U@eCenter -11.7V
500us T t@Center 2 .,47Ens

o ""\\k;' NG | EN\Q;' TN ""\\i;'dgﬂ% 08 Feb 11:57:55
CHZ E M y@Center 2.7V

teCenter 2 .475ms

S00uvs

oo TN M TV [V [ S

TRIGGER on CHi
_H.J"-._ Line 162 ( 162) )i

Field 1,2 CHi
CHZ MEASUREMENTS
max 6.4y Mean 128mY
freqil 1.000kHz per M 999 Bus
fallm 410.8us  pkpk 12.5V

51t 7.7 WS ouifioudamnar saw tooth MG MBUNN (CHI) Fumednievinm (CH2) finnudl 1 kHz



08-Feb-00 LeCroy

12:28:21 Auto LS14094

cHt ;; el oy renreaTn

5 :- UsEentin 5%t

20us BR lﬁ\\\ ;N . fﬁf\\_ nter .
N \//j- e x//qglélz BoL:Fuii 2

CHZ ] UeCenter 2,6V

1) teCenter 99 .0ws

20ws

] 1t bl fod il bddd [ 11 e I
T LI LI L e }

e R T f,ﬂ”"” Ef‘ﬂ{\"" ;;f“\

TRIGGER on CHiY
__",J"-.._ Line 162 ( 162) Y

Field 1,2 CHi
CHZ MEASUREMENTS
Max 2.6Y mean 128mY
freqiil 19.99kHz per Ml 50.03us
fall - == - pkpk 5.1y

i @ a [y 4
U7 7.8 afSouifivudyaa saw tooth Med1BLWN (CHI) AUNANIOMAN (CH2)

Nnu0 20 kHz

08-Feb-00 Nlgaa) LeCroy
12:02:08 Ruto LS140
ch ol g Tpnpionss
sV 1 V@Center -11.7V
S00us teCenter 2 .475ms
RS RN FERRY RRE) FETRS FRRY PERRY PR PR -~--OCH2 0B Feb,12:01:21
CH1 : 3gée2€t;rg'%u
EEZ t@Center 2 .475ms
500us

CH2 —_ e ;L,.- L,_.‘

g3t A4 1] il St bt ol
LRI A R Tt LI LIS |

TRIGGER on CHi A\
J&  Line 162 ( 162)

Field 1,2 CH1
CH2 MEASUREMENTS
max 7.2y Mmean 112mY
freq - =7- - per - =7 -
fall - =7- - pkpk 14,7V

U1 7.9 wiSoufoudyana square wave MefBUNN (CHL) Fun1esduemiyn (CH2)

An1YD 1 kHz



08-Feb-00 LeCroy
12:47:33 Auto L. S1409%
CH1 ,12:45:
CH1 I AC, BUL Fajl o 1ot
5V T U@Center -12 ,3V
10us : t@Center 49 .50us
N I O O P N R o B 0 O P I R [ LCH? 08 Feb,12:45:34
CH1 T ) AC, BUL:Full
CHZ T U@Center 2 .6V
sy 1 téCenter 49 .50ws
10us
CH 2y L - 4:::":::: t + :13:‘:!::‘:!!!
W i M -

TRIGGER on CH1 A
™ Line 162 ( 162)

Field 1,2 CHi
CHZ MEASUREMENTS
Mmax 4.2y mean 1,31V
freqln 49 98kHz per M 20.005us
fallmn 1.675us  pkpk 5.8Y

3107 7.10 nfSouidivudayana square wave MedMBUYM (CHL) funtadutemivm (CH2)

NN 50 kHz

Miaga) LeCroy
Auto LS140
Hi

s BUL:Full

C
1 AC
gﬂi I UgCenter -12 .0V
h g tPCenter 250us

50us CH1 T
——1 h AC, BUL:Full

CHZ T ] UeCenter 12 .5V
1Y) t@Center 250vus

E0us

CH2 ] 3 J

TRIGGER on CHI1
CURSORS on CH2 _U.J‘-.__ Line 53 ( 53) V

Field 1,4 CHi
—— 24bus : CH2 MEASUREMENTS
--- 295us Mmax 2.9y mean 176mY
&t -49us freqm 15,03kHz per M B5.5us
1748t 20,5kHz fall < 2.1us  pkpk 5.6V

51071 7.11 Wisufivunts fudedayan Digital MA@ UBUNN (CHI) AUMeduiemym (CH2)

¥

finua 15 kHz



LeCroy
Ruto LS14096

CH1 ] AC, BWL:Full
sy ] U@Center -12 .0V
20us gyt t@Center 100 .0wus

"{ ! J R} [ [ 1...01- E|c.|2 o

CHZ T UgCenter 12 .6V
5U t@Center 100 .Cus

20us

LT f’l Napet

TRIGGER on CHi
CURSORS on CHZ _u,r'-.._ Line 53 ( 53) YV

Field 1,4 CH1
—+= 98,5us CH2 MEARSUREMENTS
==~ 118.0us max 3.0V mean 32mY
at  -18.5us freqll 37 .00kHz per 1 27 .05us
1vat 51kHz fall - == - pkpk 5.6Y

e

51 7.12 WisuiounsSudsdyana Digital MeduBuym (CHI) fu meduieninm (CH2)

NAND 37 kHz

LeCroy
Auto LS140
CH1
Eﬂi 1 06 enton 12 .0v

teéCenter 25 .0us

sus S e ! f"L[—_\ T f

CHZ 1 ygCenter 12 .6V
By I t@Center 25 .Cus

Bus

P msa e vy ¥ | gt

cuz’...\..../f.... ﬂ(‘i/(\/f‘\/

TRIGGER on CHi

CURSORS on CHZ ——mjﬁh__ %fz?d 1/453 ( 53 i

~= 24 .bus CHZ MEASUREMENTS

---  29.5us max 3.4Y mean 48mY
At -4,8us freql 100.1kHz per fn 10.00us
17at 205kHz fallnn 1.13us  pkpk 6.1V

Ui 7.13 nSsuisuns Sudadaygna Digital Medmduny (CH fumednueinn (CH2)

N0 100 kHz
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Typical Link Data

HFBR-0400 Series

Description corresponds to transceiver solu-
The following technical data is tions combining the HFBR-0400

taken from 4 popular links using series components and various
the HFBR-0400 series: the 5 MBd recommended transceiver design

link, Ethernet 20 MBd link, circuits using off-the-shelf
Token Ring 32 MBd link, and the  electrical components. This data
155 MBd link. The data given is meant to be regarded as an

5 MBd Link (HFBR-14XX/24X2)
Link Performance -40°C to +85°C unless otherwise specified

10

example of typical link perform-
ance for a given design and does
not call out any link limitations.
Please refer to the appropriate
application note given for each
link to obtain more information.

Parameter Symbol | Min. | Typ. | Max. | Units Conditions Reference
Optical Power Budget OPB5g 4.2 9.6 dB HFBR-14X4/24X2 Note 1
with 50/125 pm fiber NA = 0.2
Optical Power Budget OPBgas 8.0 15 dB HFBR-14X4/24X2 Note 1
with 62.5/125 um fiber NA = 0.27
Optical Power Budget OPBjg0 8.0 15 dB HFBR-14X2/24X2 Note 1
with 100/140 um fiber =l NA = 0.30
Optical Power Budget OPBogg 12 20 dB HFBR-14X2/24X2 Note 1
with 200 pum fiber NA = 0.37
Date Rate Synchronous de 5 MBd Note 2
Asynchronous de 2.5 MBd Note 3,

Fig. 7

Propagation Delay tPLH 72 ns Ta = 25°C, Figs. 6, 7, 8
LOW to HIGH Pr =-21 dBm Peak
Propagation Delay tPHL 46 ns
HIGH to LOW
System Pulse Width tPLH-tPHL 26 ns Fiber cable
Distortion length = 1 m
Bit Error Rate BER 10-9 - Data Rate <5 Bd

Pr > -24 dBm Peak

Notes:

1. OPB at Tp = 40 to 85°C, Vcc = 5.0 V de, Ir oN = 60 mA. Pp = -24 dBm peak.

2. Synchronous data rate limit is based on these assumptions: a) 50% duty factor modulation, e.g., Manchester I or BiPhase
Manchester II; b) continuous data; ¢) PLL Phase Lock Loop demodulation; d) TTL threshold.
3. Asynchronous data rate limit is based on these assumptions: a) NRZ data; b) arbitrary timing-no duty factor restriction; ¢) TTL

threshold.




5 MBd Logic Link Design
If resistor R in Figure 2 is

70.4 ©, a forward current Iy of
48 mA is applied to the HFBR-
14X4 LED transmitter. With Ip =
48 mA the HFBR-14X4/24X2"
logic link is guaranteed to work
with 62.5/125 um fiber optic
cable over the entire range of 0
to 1760 meters at a data rate of
dc to 5 MBd, with arbitrary data
format and pulse width distortion
typically less than 25%. By
setting R; = 115 Q, the transmit-
ter can be driven with Ir = 30 mA,
if it is desired to economize on
power or achieve lower pulse
distortion.

+6v  SELECT R, ToseTl  HFBR-14XX
ir TRANSMITTER
—

NOTE:
IT I8 ESSENTIAL THAT A BYPASS CAPACITOR (0.01 uF TO 0.1 4F
CERAMIC) BE CONNECTED FROM PIN 2 TO PIN 7 OF THE RECEIVER.
TOTAL LEAD LENGTH BEYWEEN BOTH ENDS OF THE CAPACITOR
AND THE PINS SHOULD NOT EXCEED 20 mm.

Figure 2. Typical Circuit Configuration.

The following example will illus-
trate the technique for selecting

the appropriate value of Ir and R;.

Maximum distance required
= 400 meters. From Figure 3 the
drive current should be 15 mA.

From the transmitter data
Vr=15V (max.) at Ir = 16 mA
as shown in Figure 9.
Ry = Vec-Vp _BV-156V
1" F " T15mA
R; = 233 Q
TRANSMISSION
DISTANCE — §

11

The curves in Figures 3, 4, and 5
are constructed assuming no in-
line splice or any additional
system loss. Should the link
consists of any in-line splices,
these curves can still be used to
calculate link limits provided they
are shifted by the additional
system loss expressed in dB. For
example, Figure 3 indicates that
with 48 mA of transmitter drive
current, a 1.75 km link distance
is achievable with 62.5/125 um
fiber which has a maximum
attenuation of 4 dB/km. With

2 dB of additional system loss, a
1.25 km link distance is still
achievable.

TTLDATA
HFBR-24X2 [ ouT
RECEIVER
' 2 .
R [ W= Ve

7&3 0.1

T
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Link Design Limits
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Figure 6. Propagation Delay through

System with One M
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Figure 4. HFBR-14X2/HFBR-24X2
Link Design Limits with 100/140 pum

@
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2 euar (40°C.48°C1 | 83 H g S IR T a
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Figure 5. HFBR-14X4/HFBR-24X2
Link Design Limits with 50/125 |tm
Cable.

Cable.
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L
25
20

"2 21 -20 19 318 17 418 -15 .14 <13 -12
Pr-RECEIVER POWER ~ dBm

Figure 7. Typical Distortion of Pseudo
Random Data at 3 Mb/s.

RESISTOR VALUE AS NEEDED FOR
SETTING OPTICAL POWER QUTPUT
FROM RECEIVER END OF TEST CABLE

;'?:::: 1

TIMING
ANALYSIS
EQUIPMENT
.y
SCOPE

L ieq .
teaton | TRANSMITTER INPUT 14
R oy
— il ndswn gy
R T
-

HFBR-2412 RECEIVER

PULSE REPETITION
FREQ. = | MMx

Figure 8. System Propagation Delay Test Circuit and Waveform Timing Definitions.



Ethernet 20 MBd Link (HFBR-14X4/24X6)
(refer to Application Note 1038 for details)

13

Typical Link Performance
Parameter Symbol | Typ.[1.2] Units Conditions
Receiver Sensitivity -34.4 dBm 20 MBd D2D2 Hexadecimal Data
. average | 2 km 62.5/125 pm fiber
Link Jitter 7.56 ns pk-pk | ECL Out Receiver
7.03 ns pk-pk | TTL Out Receiver
Transmitter Jitter 0.763 ns pk-pk | 20 MBd D2D2 Hexadecimal Data
Optical Power Pr -15.2 dBm 20 MBd D2D2 Hexadecimal Data
average | Peak Ipon = 60 mA
LED rise time tr 1.30 ns 1 MHz Square Wave Input
LED fall time te 3.08 ns
Mean difference Ity-tel 1.77 ns
Bit Error Rate BER 10-10
Output Eye Opening 36.7 ns At AUI Receiver Output
Data Format 50% Duty Factor 20 MBd
Notes:

1. Typical data at Ta = 25°C, Ve = 5.0 V de.
2. Typical performance of cireuits shown in Figure 1 and Figure 3 of AN-1038 (see applications support section),

Token Ring 32 MBd Link (HFBR-14X4/24X6)

(refer to Application Note 1065 for details)

Typical Link Performance
Parameter Symbel | Typ.[1.2] Units Conditions
Receiver Sensitivity -34.1 dBm 32 MBd D2D2 Hexadecimal Data
average 2 km 62.5/125 pm fiber
Link Jitter 6.91 ns pk-pk | ECL Out Receiver
5.562 ns pk-pk | TTL Out Receiver
Transmitter Jitter 0.823 ns pk-pk | 32 MBd D2D2 Hexadecimal Data
Optical Power Logic Level “0" Pron -12.2 dBm peak | Transmitter TTL in Ir oN = 60 mA,
Optical Power Logic Level “1” | Profr -82.2 Ir oFF = 1 mA
LED Rise Time ty 1.3 nsec 1 MHz Square Wave Input
LED Fall Time te 3.08 nsec
Mean Difference Ite-tel 1.77 nsec
Bit Error Rate BER 10-10
Data Format 50% Duty Factor 32 MBd
Notes:

1. Typical data at T, = 25°C, Vo = 5.0 V dc.
2. Typical performance of circuits shown in Figure 1 and Figure 3 of AN-1066 (see applications support section)




155 MBd Link (HFBR-14X4/24X6)
(refer to Application Bulletin 78 for details)
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Typical Link Performance
Parameter Symbol | Typ.[1:2]|Units | Max. |Units | Conditions Ref.

Optical Power Budget .| OPBso 7.9 13.9 dB [NA =02 Note 2

with 50/125 pm fiber

Optical Power Budget OPBg2 11.7 17.7 dB |NA = 027

with 62.5/125 um fiber

Optical Power Budget OPB g 11.7 17.7 dB [NA = 0.30

with 100/140 pm fiber

Optical Power Budget OPBg2g0 16.0 |[22.0 dB |NA = 035

with 200 pm HCSfFiber

Data Format 20% to 1 175 | MBd

80% Duty Factor

System Pulse Width ItpLuE-tpuL! 1 ns | PR =-7 dBm Peak

Distortion 1 meter 62.5/125 um fiber

Bit Error Rate BER 10-9 Data Rate < 100 MBaud

PR >-31 dBm Peak Note 2

Notes:

1. Typical data at T = 25°C, Vcg = 6.0 V de, PECL serial interface.
2. Typical OPB was determined at a probability of error (BER) of 109. Lower probabilities of error can be achieved with short fibers

that have less optical loss.




HFBR-14X2/14X4 Low-
Cost High-Speed
Transmitters

Description

The HFBR-14XX fiber optic
transmitter contains an 820 nm
AlGaAs emitter capable of
efficiently launching optical
power into four different optical
fiber sizes: 50/125 pm, 62.5/125
pm, 100/140 pm, and 200 pm

fiber and typically can launch
-15.8 dBm optical power at

60 mA into 50/125 pm fiber and
-12 dBm into 62.5/125 pm fiber.
The HFBR-14X2 standard
transmitter typically can launch
-12 dBm of optical power at

60 mA into 100/140 prm fiber
cable. It is ideal for large size
fiber such as 100/140 pum. The
high launched optical power level
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I i | FUNGTION
Ancog 287 T T
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caTHODE —3! 3- | canooe
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st | NC.
s | anooe
7 | ANOD&
sdes st | NG

e3eg
&ol E had

soTToMVIEW \_

HEADER

"PINS 2.6 AND 7 ARE

CTRICALLY |
CONNECTED TO

PIN 1 INDICATOR tPIN3 1.4.8.AND S

: ARE EAECTRICALLY
HCS®. This allows the designer is useful for systems where star conwEcTED
flexibility in choosing the fiber couplers, taps, or inline connec-
size. The HFBR-14XX is designed  tOTS create large fixed losses.
to operate with the Hewlett- ) . . .
Packard HFBR-24XX fiber optic Consistent coupling efficiency is Unhoused Product
receivers. assured by the double-lens optical
system (Figure 1). Power coupled \ #IN | FUNCTION
The HFBR-14XX transmitter's mtc? any of the three fiber types l‘;:; 2 | eAmiobe
high coupling efficiency allows varies less than 5 dB from part to 3 | Anooe
the emitter to be driven at low part at a given drive currentand
current levels resulting in low temperature. Consistent coupling
power consumption and increased efficiency reduces receiver
reliability of the transmitter. The dynamic range requirements
HFBR-14X4 high power transmit- which allows for longer link
ter is optimized for small size lengths.
Absolute Maximum Ratings
Parameter Symbol Min. Max Units Reference

Storage Temperature Ts -65 +85 °C

Operating Temperature Ta -40 +85 °C

Lead Soldering Cycle Temp. +260 °C

Time 10 sec
Forward Input Current Peak IFPK 200 mA Note 1
de Irae 100 mA
Reverse Input Voltage VBR 1.8 A%
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Electrical/Optical Specifications -40°C to +85°C unless otherwise specified.

Parameter Symbol | Min. | Typ.[2] | Max. | Units Conditions Reference

Forward Voltage Vr 1.48 | 1.70 |2.09 \' Ir = 60 mA dc Figure 9
1.84 Ir = 100 mA dc

Forward Voltage "I AVF/AT -0.22 mV/°C | Ir = 60 mA dc Figure 9
Temperature Coefficient -0.18 IF = 100 mA dc
Reverse Input Voltage VBR 1.8 3.8 \' Ir = 100 pA dc
Peak Emission Wavelength Ap 792 820 | 865 nm
Diode Capacitance Cr 5153 pF V=0,f=1MHz
Optical Power Temperature | APp/AT -0.006 dB/°C | I = 60 mA dc
Coefficient -0.010 I=100 mA dc
Thermal Resistance PN 260 °CwW Notes 3, 8
14X2 Numerical Aperture NA 0.49
14X4 Numerical Aperture NA 0.31
14X2 Optical Port Diameter D 290 pm Note 4
14X4 Optical Port Diameter D 160 pm Note 4

HFBR-14X2 Output Power Measured Out of 1 Meter of Cable

Parameter |Symbol | Min. | Typ.[2] | Max. | Unit Conditions Reference
50/125 pm Prso | -21.8 | -18.8 | -16.8 | dBm | Ty = 25°C | Ir = 60 mA dc | Notes 5, 6, 9
Fiber Cable 228 -15.8 | peak
NA =02 203 | -16.8 | -14.4 Ta = 25°C | Ir = 100 mA dc
-21.9 -13.8

62.5/125 pm | Prez | -19.0 | -16.0 | -14.0 | dBm | Tx = 25°C | Ir = 60 mA dc

Fiber Cable -20.0 -13.0 | peak

NA = 0.275 -17.5 | -14.0 | -11.6 Ta = 25°C | Ir = 100 mA dc
-19.1 -11.0

100/140 pm | Prigp | -15.0 | -12.0 | -10.0 | dBm | Ta = 25°C | Ir = 60 mA dc

Fiber Cable 16.0 9.0 | peak

NA = 0.3 -13.5 | -10.0 | -7.6 Ta = 25°C | Ir = 100 mA dc
-15.1 7.0

200 ym HCS | Prgeo | -10.7 | -7.1 | -4.7 | dBm | Ta = 25°C | Ir = 60 mA dc

Fiber Cable 1.7 -3.7 | peak

NA = 0.37 92 | 5.2 | 23 Ty = 25°C | Ir = 100 mA dc
-10.8 1.7

CAUTION: The small junction sizes inherent to the design of these components increase the components’
susceptibility to damage from electrostatic discharge (ESD). It is advised that normal static precautions be

laken in handling and assembly of these components to prevenl damage and/or degradation which may be
induced by ESD.
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HFBR-14X4 Output Power Measured Out of 1 Meter of Cable

Parameter | Symbol | Min. | Typ.[2] | Max. | Unit Conditions Reference
60/125 pm PT50 |-18.8 | -16.8 | -13.8 | dBm [T = 25°C [Ir = 60 mA dc | Notes 5, 6, 9
Fiber Cable -19.8 -12.8 peak
NA = 02 -17.3 | -13.8 | -11.4 Ta = 25°C | Ir = 100 mA dc

-18.9 -10.8
62.5/125 ym | PT62 | -15.0 | -12.0 [ -10.0 | dBm | Ty = 25°C [IF = 60 mA dc
Fiber Cable -16.0 -9.0 | peak
NA = 0.275 -13.5 | -10.0 | -7.6 Ta = 25°C | Ir = 100 mA dc
-15.1 -7.0

100/140 ym | PT100 | -9.5 -6.5 -4.5 | dBm [Ty = 25°C | If = 60 mA dc
Fiber Cable -10.5 -3.5 peak
NA =03 8.0 | -45 | -2.1 Ta = 25°C | Ir = 100 mA dc

9.6 -1.5
200 pm HCS | PT200 | -5.2 3.7 | +0.8 | dBm | Ty = 25°C |[Ir = 60 mA dc

Fiber Cable -6.2 +1.8 | peak

NA = 037 3.7 1.7 +3.2 Ta = 25°C | Ir = 100 mA dc
-5.3 +3.8

14X2/14X4 Dynamic Characteristics

Parameter Symbol | Min. | Typ.[2] | Max. Units Conditions | Reference
Rise Time, Fall Time tr, te 4.0 6.5 nsec Ir = 60 mA Note 7,
(10% to 90%) No Pre-bias | Figure 12
Rise Time, Fall Time tr, te 3.0 nsec Ir=10to Note 7,
(10% to 90%) 100 mA Figure 11
Pulse Width Distortion PWD 0.5 nsec Figure 11

Notes:

1. For Ippg > 100 mA, the time duration should not exceed 2 ns.

2. Typical data at T, = 25°C.

3. Thermal resistance is measured with the transmitter coupled to a connector assembly and mounted on a printed circuit board.

4. D is measured at the plane of the fiber face and defines a diameter where the optical power density is within 10 dB of the
maximum.

5. Py is measured with a large area detector at the end of 1 meter of mode stripped cable, with an ST® precision ceramic ferrule (MIL-
STD-83522/13) for HFBR-1412/1414, and with an SMA 905 precision ceramic ferrule for HFBR-1402/1404.

6. When changing pW to dBm, the optical power is referenced to 1 mW (1000 pW). Optical Power P (dBm) = 10 log P (uW)/1000 uW.

7. Pre-bias is recommended if signal rate >10 MBd, see recommended drive circuit in Figure 11.

8. Pins 2, 6 and 7 are welded to the anode header connection to minimize the thermal resistance from Jjunction to ambient. To further
reduce the thermal resistance, the anode trace should be made as large as is consistent with good RF circuit design.

9. Fiber NA is measured at the end of 2 meters of mode stripped fiber, using the far-field pattern. NA is defined as the sine of the half
angle,determined at 5% of the peak intensity point. When using other manufacturer’s fiber cable, results will vary due to differing
NA values and specification methods.

All HFBR-14XX LED transmitters are classified as IEC 825-1 Accessible Emission Limit (AEL)
Class 1 based upon the current proposed draft scheduled to go in to effect on January 1, 1997.
AEL Class 1 LED devices are considered eye safe. See Hewlett-Packard Application Note
XXXXX for more information.

CAUTION: The small junction sizes inherent to the design of these components increase the components’
susceplibility to damage from electrostatic discharge (ESD). It is advised that normal static precautions be
laken in handling and assembly of these components to prevent damage and/or degradation which may be
induced by ESD.




Recommended Drive
Circuits

The circuit used to supply current
to the LED transmitter can
significantly influence the optical
switching characteristics of the
LED. The optical rise/fall times
and propagation delays can be
improved by using the appro-
priate circuit techniques. The
LED drive circuit shown in

Figure 11 uses frequency com-
pensation to reduce the typical
rise/fall times of the LED and a
small pre-bias voltage to minimize
propagation delay differences
that cause pulse-width distortion.
The circuit will typically produce
rise/fall times of 3 ns, and a total
Jitter including pulse-width dis-
tortion of less than 1 ns. This
circuit is recommended for appli-
cations requiring low edge jitter

Ry = (Vec-VR) +3.97 (Ve - WF-16V)
Iron(A)

Rx1 = }2 (:}:——.3—7)

Reqa(€)) = Rxy - 1

Rx2 = Rx3 = Rx4 = 3(Req2)

_2000(ps)
R = Rx1(Q)

Example for Ir oy = 100 mA: Vr can be
obtained from Figure 9 (= 1.84 V).
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or high-speed data transmission
at signal rates of up to 156 MBd.
Component values for this circuit
can be calculated for different
LED drive currents using the
equations shown below. For
additional details about LED
drive circuits, the reader is
encouraged to read Hewlett-
Packard Application Bulletin 78
and Application Note 1038.

_(6-184) +397 (6-184 -1.6)

By 0.100
3.16 + 6.19
=216+ 619 o995
By 0.100
1 (935
Rey = X =118 Q
X1 =5 (3.97)

Reqz = 118-1 =108 Q

Rx2 = Rxs = Rxa = 3(10.8) = 324 Q

C= 2000 ps = 169 pF
11.8 Q
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HFBR-24X2 Low-Cost
5MBd Receiver

Description

The HFBR-24X2 fiber optic
receiver is designed to operate
with the Hewlett-Packard HFBR-
14XX fiber optic transmitter and
50/125 pm, 62.5/125 pm, 100/
140 pm, and 200 pm HCS® fiber
optic cable. Consistent coupling
into the receiver is assured by the
lensed optical system (Figure 1).
Response does not vary with fiber
size <0.100 pm.

The HFBR-24X2 receiver incor-
porates an integrated photo IC
containing a photodetector and
dc amplifier driving an open-

transistor. The HFBR-24X2 is
designed for direct interfacing to
popular logic families. The
absence of an intemal pull-up
resistor allows the open-collector
output to be used with logic
families such as CMOS requiring
voltage excursions much higher
than Vec.

Both the open-collector “Data”
output Pin 6 and V¢ Pin 2 are
referenced to “Com” Pin 3, 7. The
“Data” output allows busing,
strobing and wired “OR” circuit
configurations. The transmitter is
designed to operate from a single
+5 V supply. It is essential that a
bypass capacitor (0.1 uF°
ceramic) be connected from
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Housed Product
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Absolute Maximum Ratings
Parameter Symbol Min. Max. Units Reference
Storage Temperature Ts =55 +85 °C
Operating Temperature Ta -40 +85 °C
Lead Soldering Cycle Temp. +260 °C Note 1
Time 10 sec
Supply Voltage Veo -0.5 7.0 Vv
Output Current Io 25 mA
Output Voltage Vo -0.5 18.0 A%
Output Collector Power Dissipation Po av 40 mW
Fan Out (TTL) N 5 Note 2
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Electrical/Optical Characteristics -40°C to + 85°C unless otherwise specified
Fiber sizes with core diameter <100 um and NA <0.35, 4.75 V <Vc <5.25 V

Parameter Symbol | Min. | Typ.[3] | Max. | Units Conditions Reference

High Level Output Current Ion b 250 HA Vo = 18

Pr < -40 dBm
Low Level Output Voltage VoL 0.4 0.5 A4 Io=8mA

Pr > -24 dBm
High Level Supply Current Iccu 3.5 6.3 mA Vo =525V

Pr < -40 dBm
Low Level Supply Current IccL 6.2 10 mA Vec =626V

. Pr > -24 dBm

Equivalent N.A. NA 0.50
Optical Port Diameter D 400 pm Note 4

Dynamic Characteristics
-40°C to +86°C unless otherwise specified; 4.76 V V¢ <5.25 V; BER <109

Parameter Symbol | Min. | Typ.[31| Max. | Units Conditions Reference

Peak Optical Input Power Pry -40 | dBmpk | Ap = 820 nm Note 5
Logic Level HIGH 0.1 | uWpk
Peak Optical Input Power PrL -26.4 -9.2 | dBmpk | Tpo = +25°C, Note 5
Logic Level LOW 2.9 120 | pWpk | loL =8 mA

-24.0 -10.0 { dBmpk | Io, = 8 mA

4.0 100 | pW pk

Propagation Delay LOW tPLHR 65 ns Ta = 25°C, Note 6
to HIGH Pr = -21 dBm,
Propagation Delay HIGH | tpuLr 49 ns Data Rate =
to LOW 5 MBd

Notes:

1. 2.0 mm from where leads enter case.

2. 8 mA load (b x 1.6 mA), R, = 560 Q.

3. Typical data at Tao = 25°C, Ve = 6.0 Vde.

4. D is the effective diameter of the detector image on the plane of the fiber face. The numerical value is the product of the actual
detector diameter and the lens magnification.

5. Measured at the end of 100/140 um fiber optic cable with large area detector.

6. Propagation delay through the system is the result of several sequentially-occurring phenomena. Consequently it is a combination
of data-rate-limiting effects and of transmission-time effects. Because of this, the data-rate limit of the system must be described in
terms of time differentials between delays imposed on falling and rising edges.

7. As the cable length is increased, the propagation delays increase at § ns per meter of length. Data rate, as limited by pulse width
distortion, is not affected by increasing cable length if the optical power level at the receiver is maintained.

CAUTION: The small junction sizes inherent to the design of these components increase the components’
susceptibility to damage from electrostatic discharge (ESD). It is advised that normal static precautions be
laken in handling and assembly of these components to prevent damage and/or degradation which may be
induced by ESD.




HFBR-24X6 Low-Cost
125 MHz Receiver

Description

The HFBR-24X6 fiber optic
receiver is designed to operate
with the Hewlett-Packard HFBR-
14XX fiber optic transmitters and
50/126 pm, 62.5/125 pm, 100/
140 pm and 200 pm HCS® fiber
optic cable. Consistent coupling
into the receiver is assured by the
lensed optical system (Figure 1).
Response does not vary with fiber
size for core diameters of 100 ym
or less.

The receiver output is an analog
signal which allows follow-on
circuitry to be optimized for a
variety of distance/data rate
requirements. Low-cost external
components can be used to convert
the analog output to logic
compatible signal levels for various
data formats and data rates up to
175 MBd. This distance/data rate
tradeoff results in increased optical
power budget at lower data rates

transimpedance pre-amplifier
integrated circuit. The HFBR-24X6
receives an optical signal and
converts it to an analog voltage.
The output is a buffered emitter-
follower. Because the signal
amplitude from the HFBR-24X6
receiver is much larger than from a
simple PIN photodiode, it is less
susceptible to EMI, especially at
high signaling rates. For very noisy
environments, the conductive or
metal port option is recommended.
A receiver dynamic range of 23 dB
over temperature is achievable
(assuming 109 BER).

The frequency response is typically
dc to 125 MHz. Although the
HFBR-24X6 is an analog receiver,
it is compatible with digital
systems. Please refer to
Application Bulletin 78 for simple
and inexpensive circuits that
operate at 155 MBd or higher.

The recommended ac coupled

receiver circuit is shown in Figure
12. It is essential that a 10 ohm

which can be used for additional resistor be connected between pin
distance or splices. 6 and the power supply, and a 0.1
UF ceramic bypass capacitor be
The HFBR-24X6 receiver contains connected between the power
a PIN photodiode and low noise supply and ground. In addition, pin
¢
BIAS & FILTER POSITIVE
GiRcurrs Vee | suppLy
TN d00pF
2
Vour ANALOQ
)7
ver | SEE0T

Figure 11. Simplified Schematic Diagram.

6 should be filtered to protect the
receiver from noisy host systems.
Refer to AN 1038, 1065, or AB 78
for details.

Housed Product

B
ﬁggs‘

* PINS 3 AND 7 ARE ELECTRICALLY
CONNECTED TO THE HEADER.

1 PINS 1, 4, 5, AND 8 ARE ISOLATED FROM
THE INTERNAL CIRCUITRY, BUT ARE
ELECTRICALLY CONNECTED TO EACH OTHER.

Unhoused Product
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tnduced by ESD.

CAUTION: The small junction sizes inherent to the design of lthese components increase the components’
susceptibility to damage from electrostatic discharge (ESD). It is advised that normal static precautions be
taken in handling and assembly of these components to prevent damage and/or degradation which may be
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Absolute Maximum Ratings

Parameter Symbol Min. Max. Units Reference

Storage Temperature Ts -65 +85 °C

Operating Temperature Ta -40 +85 °C

Lead Soldering Cycle Temp. +260 °C Note 1
Time 10 s

Supply Voltage Vee -0.5 6.0 v

Output Current Io 25 mA

Signal Pin Voltage VsiG6 -0.5 Vee A

Electrical/Optical Characteristics 40°C to +85°C; 4.756 V <Supply Voltage <5.25 V,
RLoap = b11 Q, Fiber sizes with core diameter <100 pm, and N.A. <-0.35 unless otherwise specified

Parameter Symbol | Min. | Typ.[2}| Max. | Units Conditions Reference
Responsivity Rp 5.3 7 9.6 | mV/uW | Ta= 25°C Note 3, 4
@ 820 nm, 50 MHz | Figure 16
4.5 11.5 | mVuW | @ 820 nm, 50 MHz
RMS Output Noise Vno 0.40 0.59 mV | BandwidthFiltered Note
Voltage @ 75 MHz
Pr = 0 pyW
0.70 mV | Unfiltered Bandwidth | Figure 13
Pr = 0 pW
Equivalent Input Py .43.0 | -41.4 | dBm | BandwidthFiltered
Optical Noise Power @ 75 MHz
(RMS) 0.050 | 0.065 uw
Optical Input Power Pr -7.6 | dBmpk| Tp = 25°C Figure 14
(Overdrive) 175 | uW pk . Note 6
-8.2 | dBm pk
160 | uW pk
QOutput Impedance Zo 30 Q Test Frequency =
50 MHz
dc Output Voltage Vo de -4.2 -3.1 -2.4 \' Pr = 0 uyW
Power Supply Current I 9 16 mA | Rroap = 510 Q
Equivalent N.A. NA 0.35
Equivalent Diameter D 324 pm Note 7

CAUTION: The small junction sizes inherent lo the design of these components increase the components’
susceptibility to damage from electrostatic discharge (ESD). I is advised that normal static precautions be

taken in handling and assembly of these components to prevent damage and/or degradation which may be
induced by ESD.
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Dynamic Characteristics -40°C to +85°C; 4.75 V <Supply Voltage <5.25 V; Rioap = 511 Q, CLOAD

= 5 pF unless otherwise specified
Parameter Symbol | Min. | Typ.[2] | Max. | Units | Conditions Reference
Rise/Fall Time ty tr 3.3 6.3 ns Pr = 100 uW peak | Figure 156
10% to 90% _ ‘
Pulse Width Distortion PWD 0.4 2.6 ‘ns Pr = 150 uW peak Note 8,

Figure 14
Overshoot 2 % Pr = 5 uW peak, Note 9
tr = 1.5ns

Bandwidth (Electrical) BW 125 MHz | -3 dB Electrical
Bandwidth - Rise 0.41 Hzes Note 10
Time Product

Notes:

1

2
3
4.
b

10.

. 2.0 mm from where leads enter case.

. Typical specifications are for operation at Ty =

provided n Application Bulletin 78.
. Overdrive, is defined at PWD = 2.5 ns.
. D is the effective diameter of the detéctor image on the plane of the fiber face. The numerical value is the product of the actual
detector diameter and the lens magnification.
. Measured with a 10 ns pulse width, 50% duty cycle, at the 50% amplitude point of the waveform.

. Percent overshoot is defined as:

(—"“ V‘°°"‘) x 100%
Vi

characteristic.

0.1 uF

256°C and Vg = +6 V de.

. For 200 pm HCS fibers, typical responsivity will be 6 mV/uW. Other parameters will change as well.
Pin #2 should be ac coupled to a load 2510 ohm. Load capacitance must be less than 5 pF.

. Measured with a 3 pole Bessel filter with a 76 MHz, -3 dB bandwidth. Recommended receiver filters for various bandwidths are

100

\\

AMP

387 §

RLoaps

POST

—

C+5V

500 Q2 MIN,

NS

I

>
/ LOGIC

OUTPUT

Figure 12. Recommended ac Coupled Receiver Circuit. (See AB 78 and AN 1038 for more information.)

The conversion factor for the rise time to bandwidth is 0.41 since the HFBR 24X6 has a second order bandwidth limiting

CAUTION: The small junction sizes inherent to the design of these components increase the components’

susceptzbuzty to damage from electrostatic discharge (ESD). It is advised that normal static precautions be
taken in handling and assembly of these components to prevent damage and/or degradation which may be
tnduced by ESD.
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Optical fiber

Optical fibers consist of a silica glass covered with Designation

o silicone buffer layer and o Nylon jocket.

SM - 10/125 05 - UV

Structure
i u 3| E 5-3
Optical iiber
/ I Opticol fiber 1ype
Cotical fiber OSM - Dispersion shifieg singie mode type
Siiicone ; v - -
(A=1.23um)
T Nvion joche LV cu.roble SM : Singie moce type (A =13um)
! maeriol G  : Groogec index iyoe
i . : ! : P Core (Modge ireid) diomaier
|0 105 — : Kl Cicdding diometer
Qi — 01255 Atienuction (£58/km)
i - : P E UV curoble maoreriol coot type
; C.5 —0.25— )
unit : mm
T Nvion jocket fiber ~ . .
< yion jockel TP 2'UV curoble material Mechanical properties
coaled fiber
ltem | Property
Proof level | 0.5%X1sec
Permissible bending rodius | min.30mm
Specifications
Fiber Gesianoii : Coaii | Core Cicdding |Woveiengthl Anenvonon | Dispersion | Boagwicth |Numericoil Weight
type esignotion caling Gio.(ym) | cio(um) (pm} | (Bfim) | (ps/kmemm) |{(MHz+Km)| Apenure | (kg/km)
. max.3.8
DsSm DSM+8/125-03 8 125 1.55 0.3 (1.528~1.575m) _— _
. . mox.3.5
SM SM-10/123-05 @Silicone + 9.5 125 1.3 0.5 (1.285~1 330m) —_— e
1 Nyion
G+50/125+1005 | (0.5mme) 50 | 125 | 13| —_ 50 | 02 | @07
or - or
Gr50/125+1002 | @UV curcble | 50 125 1.3 1.0 200 0.2 | @007
Gl . materiol -
G+50/125-3005 | (0-25mm¢) so | 125 | 085 | 30 — 500 | 02
G-50/125-3002 50 125 0.85 3.0 -_ 200 0.2

* . Mode lield diommier
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Connector terminated optical fiber cords for ter-
minating and interconnecting between testing and
other equipments.

Features

® Strgin-resistant and pressure-resisiant.

® High performance to repeaied bending.

® Easy 1o connect and disconnect, and it is easily
repeaiable.

Construction

Type of FFC-P connector

FEC.P FEC-1P type
l length (m) J
FFC.P FEC.2P type b FFC.P
SIET— ~ B
e | =y /// o \gs—l
\K\J /
Length (m)

Stondard length:Zm, 5m

Type of FSC-P connector

FSC.1P type \
= = ¢ B——‘..

' tength (m) ‘

FSC.P

FSC.2P type
@‘ i == =

l length {m)

Pig-tail, jumper cord

Designation

FFC 1P-PC( )M-

1T

Type of opticol fiber cord

None : GC

+ 50/125

SM: SMC +10/125

Length of opticol fiber cord.
Siandard length
1P type 2m,5m : 2P type 2m,5m

PC: Convex

Polishing method None: flat
PN: Angulor

P : Multi-mode
PS : Single-mode

1 : One end terminaied
2 : Both ends termingted

-Type of optical connector plug

FFC-P FSC-P
Specifications:
s ;;;;;;:,p,;“ Fc:a.aa/'o}:;sc N nhecior
2 el no
Fxber-torﬁ ; ; i .
.lengih R "'*‘frn.ethod. % i Pip-toil-corc B ;;g‘pg;’}:'ord :
Fiat/Angulor | max.0. 7dB max.1.4dB
<10m
Convex max.0.5dB max.1.0dB
Flat/ Angulor | max.0.7+fiber loss | mox.1.4+1iber loss
2 10m
Convex max.0.5+fiber loss | max.}.0+fiber loss

% Note : Please consull other connectors.




CMOS Video Speed 6-Bit Flash
Analog-to-Digital Converter

For Use in Low-Power Consumption, High-Speed
Digitization Applications

Features:

e CMOS low power with speed

a Parallel conversion technique

a 15-MHz sampling rate {66-ns conversion time)

e 6-bit latched 3-state output with overllow bit

s % LS8 accuracy

» Single supply voitage (3 to 10 V)

s 2 unuts in series altow 7-bit output

» 2 units in parallel allow 30-MHz samphing rate

s Internal Vagr with ext Vagr Option

® Available with EVP processing for improved rehability

The RCA-CA3300types are CMOS 50-mW parallel (FLASH)
analog-to-digital converters designed for apphcations
demand:ng both low-power consumption and high-speed
digrtization.

QThe CA33900 types cperate over a wide full-scale input-
voliage rang2 of 2.3 volts up to ihe dc tupgly voltage with
maximum power consumption as low as 50 to 200 mw.,
depending upon the clock frequency selected. When
operated from a 5-volt supply at a clock frequency of 11
MHz, the-power consumption of the CA3300 is less than 50
mW. When operated from an 8-volt supply ata frequency of
1S MHz, the power consumption is less than 150 mW.

The intrinsic high conversion rate miakes the CA3300 types
ideally suited for digitizing high-speed signals. The overtiow
bit makes possible the connection of two ormore CA3300's

*in series to increase the resolution of the conversion
system. A series connection of two CA3300's may be used
to produce a 7-bit high-speed converter. Operation of two
CA3300's in parallet doubles the convuerston speed (i.e..
increases the sampling rate from 15to 30 MHz). CA3300's in
paraliel may be combined with a high-speed 6-bit O/A
converter, a binary adder. control logic. and an op amp to
form a very-high-speed A/D converter.

Sixty-four paralleled auto-balanced voltage comparators
measure the input voltage with respect to a known reference
to produce the parallel-bit outputs in the CA3300. Sixty-
three comparators are required to quantize allinput voltage
levels in this 6-bit converter, and the additional comparator
is required for the overflow bit.

The CA3300types are available as {ollows: Types CA33000
and CA33000X in an 18-lead dual-in-tine ceramic package
(D suffix). types CA3300E and CA3300CE in an 18-lead
dual-in-line plastic package (E suilix), or in chip form (H
sufhix). The CA3300DX offers the additional advantage of
improved retiability as a result of EVP (Extra Value Program)
processing For further information on EVP, see RCA
pupircation EVP-3008 or contact your RCA representative.

Applications:

= The CA3300 types are especially suited lor high-
speed conversion applications where low power
is also important

TV vigeo digitizirg (industiial/security)
High-speed A/D conversion

Ultrasound signature analysis

Transient signal anafysis

High-energy physics research

High-speed oscilloscope storage/display
Gene:al-purpose hybrid ADC's

Optical character recognition

Radar pulse analysis

Motion signature analysis
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Fig. 1 - Block diagram lor the CA3300,

J2CL - 34243

MAXIMUM RATINGS, Absolute-Maximum Valyes:

DC SUPPLY VOLTAGE RANGE (Von)
(VOLTAGE REFERENCED TO Vss TERMINAL)

.................... et eaeenn . <0510 10V
INPUT VOLTAGE RANGE

ALL INPUTS EXCEPT ZENER (PIN 4)......uuuuiiuiiiiiniiiiiieaeieeeeeeee e e tnaeaaaan e +- =0.510 Vop +0.5 V
DC INPUT CURRENT

LK. PH. CEY. CE2. Vi oo e et ieiereeiaaan. +10mA

POWER DISSIPATION PER PACKAGE (Po)
FOR T, = -5510 +55°C

TEMPERATURE RANGE
OPERATING {CA33000X. Reler 10 Fig. 3)

.......................................................................... -§510 +125°C
OPERATING (CA33000. €. CEJ ..ot e -4010 -85°C
STORAGE ........... eeerenas e -65 1o +150°*C

LEAD TEMPEIATURE (DURING SOLDERING)

Atdistance 1/16 £ 1/32 . (1 59 = 0.79 mM) HOM €ase 1or 105 Max.  .oeiiiiiiiiiii e +265°C



ELECTRICAL CHARACTERISTICS
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i LIMITS
CHARACTERISTIC TEST CONDITIONS @ 25°C CA33000, DX, E UNITS
MIN. TYP. MAX,
* Resolution — - 6 Bits
Linearity Error Voo=8 V, Vur=7.§8 v . _ +0.5 +0.8
CLK=15 MHz, gain adjusted
- Ditterential Linearity Error Voo38 V, Vagr=7.68 V LSB
CLK=15 MHz - +0.5 +0.8
Quantizing Error -% - i K}
Analog Input: Vooz8V
Full Scale Range CLK=15 MHz 24 - Voo +0.5 v
lnput'Capacitance — S0 —_ pF
input Current —_ 600 1000 pA
Gain Temperature Coefficient Voo=8 V., CLK=15 MHz — 0.016 - LSB/°C
Maximum Conversion Speed Vop=5V —_ 12M —_— SPs
Voo=8 V 15M 19M -
* Device Current Voo=5 V (CLK=11 MHz) - 7 —
' .Excludes Ines, 1z} Voo=8 V (CLK=15 MHZ2) — 22 — mA
Voo=5 V (Auto Balance State) — 6.4 16
' Voo=8 V (Auto Balance State) - 24 40
i Ladder Impedance 1000 1400 1800 9]
+ Sigital Inputs:
© Low Voltage Voo~5 V - — 1.5 v
N Voo=8 v —_— bt 2.5
High Voltage Voos5V 3.5 - - v
H Vno=8 v 5.5 — _
Input Current Voo=8 V — = —_ LA
; Sagital Outputs:
i Output Low Voo=§ V. Vo=0.4 V 1.6 10 -
{Sink) Current Voo=8 V, Vo=0.5V 3.2 15 - mA
Qutput High Vooz5 V. Vo=4.6 V -0.8 6 -
(Source) Current Voo=8 V. Voz7.5V -1.6 9 —
. Zener Voltage 12210 mA . 6.2 6.8 7.4 \
: Zaner Dynamic Impedance 12210 mA —_ 10 30 Q
Z&ner Temperature Coelficient — 0.5 — mv/*C
© Zantal Output Delay, t, Voo=8 V — 20 —_ ns
» A22rture Time Vpo=8 V - 25 —
- Eﬁ%&gg}; ZINCE CengnTs { i \\\ %EE%{SJ?:E:‘E'ON
s0p-ARC _MOT mAUSTS — 4 MEATSINK
i : i b VA
H l ' H = N M 100 Atz
LR ~lem TP - - mm——— . LI Bastg
.-g ' ? HE / ':5' L \ £10 sany —
e it e R I nemses ‘{g»
H H P 3 } : c
] . g veLts . iw H T
E 2op- ':_:.E-ﬂ;——_:_'/"v f& \
A : P :
i ivwesveus 1 : [ o ’
I N S s
b CLOCE FRCOUENC vy oo SIRLY YRIACL wgp * IVOLTS) €3 30200
NIy B 2es -
Fig. 2 - Typical current dran versus samphing rate Fig. 3 - Maximum ambient iamperature versus supply voltage.
as a funcrion of supply voltage. (Above curve includes ladder dissipation but not the

zener dissipation.)
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ELECTRICAL CHARACTERISTICS

LIMITS
CHARACTERISTIC TEST CONDITIONS @ 25°C CA3300CE UNITS
MIN. TYP. MAX.
Resolution — —_ 6 Bits
Linearity Error Voo=8 V, Vaer=7.68 V )
CLK=9 MHz, gain adjusted B 05 08
Ditferential Linearity Error Voo=8 V, Vrer=7.68 V LSB
CLK=9 MHz - *03 x0.8
Quantizing Error -% — %
Analog Input: Voo=8 V
Full Scale Range CLK=9 MHz 24 - Voo +0.5 A
Input Capacitance — 50 —_ pF
input Corrent — 450 1000 HA
Gain Temperature Coefficient Voo=8 V, CLK=9 MHz —_ 0.016 - LsSB/°C
Maximum Conversion Speed Voo=5V &M - _ SPs
Vnn=e v aM 19M bt
Device Current Voo=5 V {CLK=7 MHz) — 4 —
(Exctudes lnes, 12} Vop=8 V {CLK=9 MHz) - 12 — mA
Voo=5 V {Auto Balance State) - “ 6.4 16
Voo=8 V (Auto Balance State) — 24 40
Ladder impedance 1000 1400 1800 Q
Digital Inputs:
Low Voitage Veo=3 V - — 1.5 v
Voo=8V bd -_ 2.5
High Voltage Voo=5 V a5 — v
Voo=e v 5.5 — bt
input Current Voo=8 V — +1 - pA
Digital Qutputs:
Output Low Voo=5 V, Vo=0.4 V 1.6 10 -
{Sink) Current Voo=8 V. Vo=0.5V 3.2 15 - mA
Output High Voo=5V, Vo=4.6 V -0.8 6 -
(Source) Current Voo=8 V, Vo275V -1.6 9 -—
Zener Voltage 1z=10 mA 6.2 6.8 7.4 v
Zener Dynamic Impedance 12210 mA — 10 30 e}
Zener Temperature Coefficient — 0.5 —_ mV/°C
Digita! Qutput Delay, t4 Voo=6 V - 20 —_
Aperture Time Vop=8 V — 25 _ s

v T
= CONDITIONS ¢

mer * Yoo ——1

M 23°¢ )
4} ALL COUNTS PRESENT

| i

SAUPLL AATC = (MHg)

Fig. 4 - Typical maximum sample rate versus supply voltage.
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Fig. 5 - Typical ollset error versus sample rate as a lunction

of supply voltage. (See literature for offset trim.)
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Fig. 6 - Timing diagrams for the CA3300.
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Device Operation

A sequential parallel technique is used by the CA3300
converter to obtain its high-speed operation. The sequence
consists of the "Auto Balance” phase ¢1 and the “Sample
Unknown” phase ¢2. (Refer to the circuit diagram.) Each
conversion takes one clock cycle.® With the phase control
{pin 8} low, the "Auto Balance" (#1) occurs during the High
period of the clock cycle, and the "Sample Unknown" (92)
occurs during the low period of the clock cycle.

During the “Auto Balance” phase, a transmission switch is
usedto connecteach of 64 commutating capacitors to their

This device requires only a single phase clock. The terminology of
@1 and 2 refers to the High ang Low periods of the same clock.

associated ladder reference tap. Those tap voltages will be
as follows:

Vies (N) = [(Vaer/64) x N] = [Vaer/(2 x 64))
= Vagr((2N - 1)/128)
Where: Vu, (n) = reference ladder tap voltage at point n
Veaer = voitage across R to R”
N = tap number (1 through 64)

The other side of the capacitor is connected to a single
stage amplilier whose output is shorted to its input by a
switch. This biases the amplifier at its intrinsic trip point,
which is approximately, {(Voo-Vss)/2. The capacitors now
charge to their associated tap voltages. priming the circuit
for the next phase.

Inthe “Sample Unknown" phase, ail ladger tap switches are
opened, the comparator amplifiers are no longer shorted.
and Viw is switched to all 64 cacacitors. Since the other end
of the capacitor is now looking into an effectivety open
circuit, any voltage that differs from the previous tapvoltage
will appear as a voitage shift at the comparator amplifiers.
All comparators with tap voltages greater than V,, will drive
the comparator outputs to a “low™ state. all comparators
with tap voitage lower than V.. will drive the comparator
outputs to a “high” state.

The si2tus of all these comparztor ampliliers are steted at
the end ¢f this pisase (¢2), bya secondary latching amplifier
stage. Once latched, the status of the 64 comparators is
decoded by a 64-to 7-bit decode array and the resufls are
clocked into a storage register atthe -'. 1g edge of the next
2.

A 3-state buffer is used at the output of the 7 storage
registers which are controlled by two chip-enable signals.
CE1 willindependently disable B1 through B6 whenitisina
high state. CE2 will independently disable B1 through B6
and the OF buffers when it is in the low state.

To facilitate usage of this device a phase-control input is
provided which can effectively complement the clock as it
enters the chip. Also, an on-board zener is provided for use
as a reference voltage.

Continuous Clock Operatlon

One complete conversion ¢ycle can be traced through the
CA3300 via the following steps. (Refer to timing diagram
Fig. 6a.) With the phase control in a ‘High' state, the rising
edge of the clock input will start a “sample” phase. During
this entire 'High' state of the clock, the 64 comparators will
track the input voltage and the 64 latches will track the
comparator outputs. At the falling edge of the clock, all 64
comparator outputs are captured hy the*64 latches. This
ends the "sample” phase and starts the “auto balance”
phase for the comparators. During this ‘Low’ state of the
clock the output of the latches propagates through the
decode array and a 7-bit code appears at the D inputs of the
output registers. On the next rising €dge of the clock, this
7-bit code is shifted into fhe output registers and appears
with time delay t, as valid data at the output of the 3-state
drivers. This also marks the start of a new “sample” phase.
thereby repeating the conversion process for this next
cycle.

Puise Mode Operation

For sampling high-speed nonrecurrent or transient data,
the converter may be operatad in a pulse mcde in one of two
ways. The fastest method is to keep the converter in the
Sample Unknown phase, ¢2. during the standby state. The



device can now be pulsed through the Auto Balance phase
with as little as 33 ns. The analog value is captured on the
leading edge of ¢1 and is transferred into the output
registers on the trailing edge of 1. We are now back in the
standby state, ¢2, and another conversion can be started
within 33 ns, but not later than § ys due to the eventual
droop of the commutating capacitors. Another advantage
of this method is that it nas the potential of having the lowest
power drain. The larger the time ratio between ¢2 and @1,
the iower the power consumption. (See timing diagram Fig.
6b.)

The second method uses the Auto Balance phase. ¢1, as
the standby state. In this state the converter can stay
indefinitely waiting to start a conversion. A conversion is
performed by strobing the clock input with two ¢2 puises.
The firstpulse starts « Sample Unknown phase and captures
the analog value in the comparator latches on the trailing
edge. A second #2 pulse is needed to transfer the data into
the output registers. This occurs on the leading edge of the
second pulse. The conversion now takes place in 67 ns, but
the repetition rate may be as slow as desired. The
disadvantage to this methcd is the higher device dissipation
due to the jow ratio of ¢2 to ¢1. (See timing diagram Fig.
6c.)

Increased Accuracy

in most cases the accuracy of the CA3300 should be
-sufficient without any adjustments. In applications where
taccuracy is of utmostimportance. three adjustments can be
rmade td ebtzin betiar accuracy: i.e., of!set trira, gain trim,
and miopoint trim,

Offset Trim

In general offset correction can be done in the preamp
circuitry by introducing a de shilt to Viw or by the offset trim
ofthe op amp. When thisis not possible the R™ {pin 10} input
can be adjusted i0 produce an offset trim. The theoretical
input voltage to producze the firs: transition is 4 LSB. The
equation is as follows:

Viu (0 to 1 transition) = 4 LSB = %4 (Vaer/64)
= Vaer/128

ItVintaor the first transition isfess than the theoretical, thena
single-turn 50-ohm pot connected between R~ and ground
will accomplish the aciustment. Set Vi to ' LS8 and trim
the pot until the 0 to 1 transition occurs,

I Vi for the first transition is greater than the theoretical,
then the 50-ohm pot should be connected betweenR™anda
negative voltage of about 2 LSB's. The trim procedure is as
stated previously.

Gain Trim

In general the gain trim can also be done in the preamp
circuitry by introducing a gain adjustment for the op amp.
When this is not possible. then a gain adjustment circuit
should be made to adjustthe reference voltage. To perform
" this trim, Vi should be set to the 63 to overflow transition.

That voltage is 4 LSB less than Vaer and is calculated as
follows:

Vin {63 t0 64 transition) = Vagr - Vagr/128
= Vaer (127/128)

To pertorm the gain trim. first do the offset trim and then
apply the requirec V,w for the 63 to overflow transition. Now
adjust Vaer unti that transition occurs on the outputs.

Midpoint Trim
The relerence center {RC).pin16.isavailable to the user as

the approximate midpo:nt of the resistor ladder. The actual
count that is brought out is count 33. To trim the midpoint,

Data Conversion Circuits

CA3300

the offsetand gain trims should be done first. The theoretical
transition tfrom count 32 to 33 occurs at 32% LS8's. That
voltage is as follows:

Y"‘ (32 to 33 transition) = 32.5 (Vage/64)

An adjustable voltage follower can be connected to the RC
pin or a 2-K pot can be connected between R* and R~ with
the wiper connected to RC. Set Vi to the 32 to 33transition
voltage. then adjust the voltage follower or the. pot until the
transition occurs on the output bits.

The Reference Center point can also be used 1o create
some unique transfer functions. For example, if R™ is
grounded. RCisconnected 10 3.25 volts, and R" is connected
10 4.8 volts then the lower order counts. 1 through 33, will
have an LSB value of 100 mV while the upper order counts,
34 through Overfiow, will have an LSB value of 50 mV. This
eftectively provides twice the sensitivity in the upper counts
as compared to the lower counts.

7-8It Resolution

To obtain 7-bit resolution. two CA3300's can be wired
together. Necessary ingredients include an oper-ended
fadder network, an overtiow indicator, three-state outputs,
and chip-enabler controls—ail of which are availabie on the
CA3300.

The first step tor connecting a 7-bit circuit is to totem-pole
the ladder networks, as illustrated in Fig. 13. Since the
absolute resistance value of each ladder may vary, external
trim of the mid-reference voltage may be required. '

“The overllcw sutput of the lower Jev.e novs becomes the
seventh bit. ‘When it goes high, all counts must come from
the upper device. When it goes low, all counts must come
from the lower device. This is done simply by connecting
the lower overflow signal to the CE1 control of the lower
A/D converter and the CE2 control of the upper A/D
converter. The three-state oulputs of the two devices (bits 1
througn 6) are now connected in ‘paraliel to complete the
circuitry. The complete circust for a 7-bit A/D converter is
shown in Fig. 14, '

8-8lt to 12-8it Conversion Techniques

To obtain 840 12-bit resolution and accuracy, use a feed-
forward conversion technique. Two A/D converters will be
needed to convert up to 11 bits; three A/D converters to
convert 12 bits. The high sneed of the CA3300 allows 12-bit
conversions in the 500 to 900-ns range,

The circuit diagram of a high-speed 12-bit A/D converter is
shown in Fig. 15. In the feed-forward conversion methed
two sequential conversions are made. Converter A first
does a coarse conversion 1o 6 bits. The outputisappliedtoa
6-bit D/A converter whose accuracy level is good to 12 bits.
The D/A converter output is then subtracted {rom the input
voltage, multiplied by 32, and then converted by a second
flash A/D converter, which is connected in a 7:bit configu-
ration. The answers from the first and second conversions
are added together with bit 1 of the first conversion
overtapping bit 7 of the second conversion.

When using this method. take care that:

= The linearity of the first codverter is better than % LS8,

® Anoftsetbiasof 1LSB(1/64} is subtracted from the first
conversion since the second converter is unipolar.

s The D/A converter and its reference are accurate to the
total number of bits desired for the fina! conversion (the
A/D converter need only be accurate to 6 bits).

The first converter can be offset-biased by adding a
20-0 resistor at the bottom of the ladder andincreasing
the reference voitage by 1 LSB. If a 6.40-voltage
reference is used in the system, for example, then the
tirst CA3300 will require a 6.5-V refefence.




Data Conversion Clrcuits

CA3300

l—-‘es 83 18 86
CA3300 L s
H20F 04 i7f————b 84 ) DAy
3V, Re wfotef po
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92C5-34234

Fig. 12 - Typical CA3300 6-bit conliguration 15-MHI sampling rate.
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Fig. 13 - Typical CA3300 7-bit resolution configuration 15-MHz sampling rate.
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Data Conversion Circuits

(458)
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Fig. 14 - Typical CA3300 6-bit resolution conliguration
30-MHz sampling rate.
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Data Converslon Clrcuits

CA3300

BINARY
ADDER ~
06’ 812
SIH, Vi > > e I »{ 86+ 0 T
6 8IT " 8BS+ 0
FLasH 1 ssso| !
81" ) | 83+ 0 1
B2+ 0 1
B1+87| | 12 BT
T s, [OUTPUT
Z I v y ‘; DATA
€ BIT pAC !
12 BIT ACCURACY] !
I
!
86 |
x32 > *#2 T B1,
6 BT 1 >,/
FLASH '
ADC at t
—
ar
1 o] #3 T
6pIT | BE
FLASH :
A0C | g; |
92Ch~34237
CONTROL
LoGic
Fig. 15 - Typical CA33u) 800-ns 12-bit ADC system.
€a3300 ,
CA3300°
INPUTS :
TY PICAL I'Oﬂ
cx PNT7
PHASE  PIN 8
TE ‘e s L7408
C PiN
€: s OPEN_COLLECTOR : l
ORIVER 4
ca3soo
OUTPUTS:
TYPICAL FOR  [CA330D v E
81 PN I3 00 ANY LOW POWER SCHOTTKY
82 PIN 14 sy TTL WITH HIGH INPUT
83 PINIS VOLTAGE RATING.{MANY LS DEVICES®
b ARE RATED TO ACCEPT VOLTAGES
] PINIT |—1 UP TO IS VOLTS)
8s PINIS Ls
06 PIN § wJ K
oF PIN 2 :_}_

FCN-34229R)

Fig. 16 - TTL interface circuit Ior Voo > 5.5 volts,



Data Conversion Circuits

CA3300

OUTPUT CODE TABLE

INPUT VOLTAGE" BINARY
[CODE DESCRIPTION| Vaer Vaer  Vaer  Vaer OUTPUT CODE DECIMAL COUNT
7.68 6.40 5312  3.20 {LSB)
V) (V) v) (V) oF B6 BS B4 B3 B2 B1i
Zero 0.00 000 000 000 | 0 © O O @ o0 0 0
1188 0.12 030 008 005 {0 0 O 0 O 0 1 1
2LS8 0.24 020 016 010 [0 o0 o0 o0 0 1 o0 2
% Full Scale — 1LSB| 23.72 310 248 155 |0 o0 1 1 1 1 3 31
% FullScale - | ~ 3.84 320 25- 160 /0 1 0 0 0 O o 32
2 Fult Scale +1LSB 3.96 330 264 165 {0 1 0 0 O 0 1 a3
Full Scale — 1158 7.42 620 496 3.10 |70 1 1 1 1 10 62
Full Scale 7.56 630 504 315 | 0 1 1 111 63
Overflow 7.68 6.40 512 3.20 1 1 1 1 1 1 1 127

*The.voltages listed below are tne 1Jeal centers of each output code shown as a lunction of its associated reference voltage.

- 92-100
~ W(2.337-2.540}

0 3 TV X N = .
— }___
{0.102-0.254) |
124-132
(3.150~3.352) ]
!ItU-IS!Z“'

Dimensions and pad layout lor CA3300H.

Oimensions in parenth ara in mull ers and are denved from The photographs and dimensions ol each CMOS chip represent a

the basic inch dimensions as indicated. Grid graduations are in chip when it is part ol the waler. When the waler is cut into chips.a

muls (107 inch). the cleavage angles are 57° instead ol 90° with respect to the face
ol the chip. Therelore, the isolated chip isactually 7 mils (0.17 mm)
larger in both dimensions.




Data Conversion Circuits

Product Preview CA3306, CA3306A, CA3306C
CMOS High-Speed 6-Bit
Flash A/D Converter

Features:

Improved pin-lor-pin retrolits for CA3300
CMOS/SOS low power

Flash (Parallel) conversion technique

15 MSPS conversion rate a: 5 V

1/4 LSB accuracy

Single 3 to 6 V supply

6 latched-bit outputs plus overtiow

May be stacked for higher resolution
May be paratlel for double speed

The CA3306 family members are pin-for-pin retrofits single 5 volt supply (8 volts required for CA3300).and a
for the CA3300 (File 1316), but offering improved tighter linearity is guaranteed at a lower reference {{ull
speed and linearity. All functions of the CA3300 are scale) range.
carried over: the ability to stack devices for higher . . . ..
resolution, parallel devices for doubled speed. and the Z::l_%fﬁige'f:s?;s de:ces aée s:.ltpplleddtp 1g—lea<;
availability of a built-in zener reference. Accurate dualinti plastic packages (E sulfix) and in 18-lea
digitizing at video speeds is now possible with only a ual-in-line ceramic packages (D suffix).

Yoo

. L]

&
%

3~ STATE

e FLOW

come
64

Th-s

€ MSE,

1 comp
63

b

COMPARATOR o ¢
LATCMES
AND e
ENCODER
LoGiC

REF =200
CENTER

LEXET

come
32 -1}

B

\

83

n
2

ComMp

82

v, -

CompP
[ -T1° @ 13| elLser

3RERE

CHF

=50k

cvoex[7 H>e
0, {SAMPLE UNKNOWNI]
PNASE @ ,(AUTO BALANCE) | 3 ]Vss

6V NOMINAL
‘

2ENER
OlO0E E—j{—"ss

92CL-383%0R]}

Block Diagram of the CA3306 ’ Preview Data only



‘ SGS-THOMSON LF151
Y/ ICROELECTRONICS LF251 - LF351

WIDE BANDWIDTH
SINGLE J-FET OPERATIONAL AMPLIFIERS

= LOW POWER CONSUMPTION
= WIDE COMMON-MODE (UP TO Vcc') AND

DIFFERENTIAL VOLTAGE RANGE ’ _
» LOW INPUT BIAS AND OFFSET CURRENT D "
s OUTPUT SHORT-CIRCUIT PROTECTION l\‘ W
s HIGH INPUT IMPEDANCE J-FET INPUT

STAGE
» INTERNAL FREQUENCY COMPENSATION
n LATCH UP FREE OPERATION N D
» HIGH SLEW RATE : 16V/us (typ) DIPS sO8

(Plastic Package) (Plastic Micropackage)

DESCRIPTION
These circuits are high speed J-FET input single ORDER CODES
operationalamplifiers incorporatingwell matched, high
voltage J-FET and bipolar transistors in a monolithic Part Number Temperature Package
integrated circuit. N D
The devicesfeaturehighslew rates, low inputbias and LF351 0°C, +70°C ° *
offsetcurrents, and low offset voltage temperature LF251 —40°C, +105°C . .
coefficient. LF151 -55°C, +125°C . .

PIN CONNECTIONS (top view)

\—/ 1 - Offset Null 1

H
6]

1 l: :l 8 2 - Inverting input
3 - Non-inverting input
4 -Veo©
2 E B j 7 5 - Offset Null 2
6 - Qutput
3 l: + j 6 7 - V!
E ] 8 - N.C.

November 1995 1/9
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LF151 - LF251 - LF351

SCHEMATIC DIAGRAM

Ve * D
N ! l
P
e O ]
ot | 1000 0

B B e
- %
R TS

Of eal dhsit Ot Wiz

INPUT OFFSET VOLTAGE NULL CIRCUITS

LFas51
N1 N2
100k 2
g
Vee™ 3
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vee | Supply Voltage - (note 1) +18 v
Vi Input Voltage - (note 3) +15 Vv
Vid | Differential Input Voltage - (note 2) +30 ' v
Piot Power Dissipation 680 mw
Output Short-circuit Duration - (note 4) Infinite
Toper | Operating Free Air Temperature Range LF351 " 0to70 °c
LF251 -40 to 105
LF151 -5510 125
Tsg | Storage Temperature Range ‘ —65 to 150 °C

Notes: 1. Alvoltage values, except ditferential voltage, are with respect to the zero referencs level (ground) of the suwply voltages where the
zero reference level is the midpoint between Vee' and Vec™.

. Differential voltages are at the norinverting input terminalwith resped to the inverting inputterminal,

. The magnitude of the input voltage must never exceed the magritude of the supply voltage or 15 volts, whichever is less.

. The output may be shorted to ground or to either supply. Temperature and for supply voltages mustbe limited to ensure that the
dissipation rating is not exceeded,

HWN

2/9
Ly SE5THOMEON

151-03.EPS

161-02.TBL



LF151 - LF251 - LF351
ELECTRICAL CHARACTERISTICS
Vce = +£15V, Tamb = 25°C (unless otherwise specified)
LF151 - LF251 - LF351
Symbol Parameter Unit
Min. Typ. Max.
Vio Input Offset Voltage (Rs = 10kQ) mvV
Tamb = 25°C 3 10
Tmin. € Tamb S Tmax. 13
DVie | Input Offset Voltage Drift 10 RrV/°C
ho Input Offset Current *
Tamb = 25°C 5 100 pA
Tmh, < Tamb < Tma.x_ 4 nA
o Input Bias Current *
Tams = 25°C 20 200 pA
Tmin. < Temb S Trnax, 20 A
Avd Large Signal Voltage Gain (RL = 2kQ, Vo = +10V) V/imv
amb = 25°C 50 200
Trin. S Tamb S Trmax. 25
SVR Supply Voltag)e Rejection Ratio (Rs = 10kQ) " dB
Tamb =25°C 80 86
Tmin. S Tamb < Tmax. 80
lec Supply Current (no load) mA
Tamn = 25°C 14 | 34
Tmin. S Tamb < Trmax, 3.4
Viem Input Common Mode Voltage Range . +11 +15 \'
-12
CMR | Common Mode Rejection Ratio (Rs = 10kQ) dB
Tamb = 25°C 70 86
Tmh, < Tn,mb < Tmax_ 70
los Output Shont-circuit Current mA
Tamb = 25°C 10 40 60
Tmin. S Tamb S Trmax, 10 60
Voep | Output Voltage Swing v
Tamb = 25°C RL= 2kQ 10 12
RL = 10kQ 12 13.5
Tmin. S Tamb S Tmax, RL= 2kQ 10
RL = 10kQ 12
SR Slew Rate Vius
(Vi =10V, R = 2kQ, C| = 100pF, Tamp = 25°C, unity gain) 12 16
t Rise Time Hs
(Vi =20mV, R = 2kQ, C = 100pF, Tamp = 25°C, unity gain) 0.1
Kov Overshoot %
(Vi = 20mV, R = 2kQ, Ct = 100pF, Tamb = 25°C, unity gain) 10
GBP | Gain Bandwidth Product . MHz
(f = 100kHz2, Tamp = 25°C, Vin = 10mV, RL = 2kQ, G = 100pF) 25 4
Ri Input Resistance _ 10'2 Q
THD Total Harmonic Distortion (f = 1kHz, Av = 20dB, RL = 2kQ, %
Ct = 100pF, Tamb = 25°C, Vo = 2Vpp) 0.01
. . nv
on Equivalent Input Noise Voltage (f = 1kHz, Rs = 100Q2) 15 Iz
om Phase Margin 45 Degrees

* Theinput bias currents are junclion leakage currents which epproximately dotble for every 10°C increese in the junction temperature.

Lyz SRTHONEON

3/9

151-03.T8L.



LF151 - LF251 - LF351

MAXIMUM PEAK-TO-PEAKOUTPUT

MAXIMUMPEAK-TO-PEAK OUTPUT

MAXIMUM PEAK-TO-PEAKOUTPUT

4/9

VOLTAGE (V)

MAXIMUM PEAK-TO-PEAK OUTPUT
VOLTAGE VERSUS FREQUENCY

VOLTAGE (V)

T
Vg = 215V A = 2k0
s Tamd = +25°C
See Figure 2
20
Veg = 210V
10
Vcc =y 5V {
5 .
0 ! | P
100 1K 10K 100K ™M
FREQUENCY (Hz)

MAXIMUM PEAK-TO-PEAK OUTPUT
VOLTAGE VERSUS FREQUENCY

30

10M

MAXIMUM PEAK-TO-PEAK OUTPUT
VOLTAGE VERSUS LOAD RESISTANCE

VOLTAGE(V)

30

T 7 v rrrinry TT T T TTTTY
25 Tamv = +25 C Ve = £ 15V
! Ry =2k2 |
20 See Figure 2 |
13 ML L]
. \ \\ Tamb =-55 C
]0 b
A
5
o LB =ase | PNITNGL)
10k 40k 100k 400k 1M 4M JO0M
FREQUENCY (Hz)

T T
Vcc=*15v
25 T, =425 =l
§em€Fg:ra;c ’.//
20
15 A
Ve
10 /
/
5 |/
0
0102 04 071 2 4 7

LOAD RESISTANCE (kQ)

10

151-05.EPS

151-07.EPS

151-09.EPS

MAXIMUM PEAK-TO-PEAK OUTPUT

VOLTAGE VERSUS FREQUENCY

VOLTAGE (V)

MAXIMUMPEAK-TO-PEAK OUTPUT

MAXIMUM PEAK-TO-PEAK OUTPUT
VOLTAGE VERSUS FREE AIR TEMP.

MAXIMUM PEAK-TO-PEAKOUTPUT
VOLTAGE (V)

MAXIMUM PEAK-TO-PEAK OUTPUT

30

I l l R =10k

25 Vee= ¢ .)' Tamp = +25

W T See Figure 2
20 LU 1] .

Vee=¢10V
s ﬂQ
10 Vee= 3
5
0 .
100 1K 10K 100K IM

FREQUENCY (Hz)

10M

30 T
25 — T 1l s
20 !
— R, = 1012
i5
voeRL = 2k
10
5 FVee = 215V
See Figure 2
0 : =
-75 -50 -25 0 25 50 75 -50 125

TEMPERATURE (°C)

VOLTAGE VERSUS SUPPLY VOLTAGE

MAXIMUM PEAK-TO-PEAKOQUTPUT
VOLTAGE (V)

ISTR -l

30 T
R 1= 10k Q
25
Tm = +25°C
20 //
15 ,/
10
s L
0 2 4 6 8 10 12 14 16
SUPPLY VOLTAGE (V)

151-08.EPS

151-08.EPS

151-10.EPS



LF151 - LF251 - LF351

INPUT BIAS CURRENT (nA)

INPUT BIAS CURRENT VERSUS
FREE AIR TEMPERATURE

100
Voo = 215V —
10
IL
b
1
0.1
0.01
-50 25 0 25 50 75 100 125
TEMPERATURE (°C)

LARGE SIGNAL DIFFERENTIAL

151-41.EPS

VOLTAGE AMPLIFICATION AND PHASE

DIFFERENTIAL VOLTAGE

SUPPLY CURRENT (mA)

SHIFT VERSUS FREQUENCY

$ " T TR e
PHASE SHIFT
% T (right scalc) N lle-}(!;lccfleT;o
E ol
5 , T ;.
E | R, =2kQ aii N N
C| = 100pF
1 kVece =215v ]
Tamb= 4125 C T N
100 1K 10K 100K M 10M
FREQUENCY (Hz)

SUPPLY CURRENT PER AMPLIFIER
VERSUS FREE AIR TEMPERATURE

180

90

151-13.EPS

20
1.8
1.6
14
12

Vg = 215V
No signal

No load
I ——

<~

1.0

0.8

0.8

0.4

0.2

0

75 50 25 0 25 50

TEMPERATURE (°C)

75 100

'S74

151-1S.EPS

MICRBELE

DIFFERENTIAL VOLTAGE

LARGE SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION VERSUS
FREE AIR TEMPERATURE

Rl =——————————
400
200
g 100
3 40
N e
C 10 Voo = LISV b
z 4 FVo=tiov 3
= C
< 2 _RL-2RQ
1 1 1
<75 -50 -25 ¢ 25 50 75 100 125

TEMPERATURE (°C)

TOTAL POWER DISSIPATION VERSUS

TOTAL POWER DISSIPATION (mW)

SUPPLY CURRENT (mA)

S§GS-THOMSON
i)

FREE AIR TEMPERATURE

250 T T

. No signai
175 No load

150

Voo =% 15V -

125

100

7%

75 50 25 0 25 50 100

TEMPERATURE (°C)

75

SUPPLY CURRENT PER AMPLIFIER
VERSUS SUPPLY VOLTAGE

20

125

1.8 | Tunb =+25°C

L No signal
| No load

1.6
1.4

1.2

1.0

0.8

0.6

0.4

0.2

0

0 2 4 8 8 10 12 14

SUPPLY VOLTAGE (V)

16

5/3
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LF151 - LF251 - LF351

COMMON MODE REJECTION RATIO
VERSUS FREE AIR TEMPERATURE

RATIO (dB)

COMMON MODE MODE REJECTION

OUTPUT VOLTAGE (mV)

6/9

L ]
R, =10k
[~ Vo= 15V
ar
88
Ly
85
84
83
75 -850 -25 O 25 S0 75 100 125
TEMPERATURE (°C) P
OUTPUT VOLTAGE VERSUS
ELAPSED TIME
28
24
tooT
20 s
16 A
12 / ;
8 [ i
[ k V=215V
4 ]
wf R =2kQ
Y t Tamb = +25°C ]
4 ' L
0 01 02 03 04 05 06 07

TIME (s)

151-18.EPS

VOLTAGE FOLLOWER LARGE SIGNAL
PULSE RESPONSE

INPUT AND OUTPUT VOLTAGES
4%

/ Vec= +15V
y R, =2kQ \
} C,= 100pF
Tomp=+25 C \
L ] )]
0 05 1 1.5 2 25 3 35
TIME (s )

EQUIVALENT INPUT NOISE VOLTAGE
VERSUS FREQUENCY

EQUIVALENT INPUT NOISE
VOLTAGE (nV/VHz)

10

[ AL SR
Vee = $15Vv
Ay =10
Ag =100 Q
Tamp = +25°C
N lm
-
40 100 400 1k 4k 10k 40k 100k

FREQUENCY (Hz)

TOTAL HARMONIC DISTORTION VERSUS
FREQUENCY

TOTAL HARMONIC DISTORTION

(%)

-

o
S

o o
£ =

0.01
0.004

0.001

100

= Vg $19%V

 Axyd 1
L V¥ omms S8V

i:= TIm" 4280C

400 1k

4k

10k

FREQUENCY (Hz)

&r

BESaTHOMAON

40k

100k

151-21.EPS

151-18.EPS
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LF151 - LF251 - LF351

PARAMETER MEASUREMENT INFORMATION

Figure 1 : Voltage Follower

Figure 2 : Gain-of-10 Inverting Amplifier

» O
LFa51 € e
y = F otas =
o C,=100p R =2kQ C,= 100pF
£
5
TYPICAL APPLICATIONS
(0.5Hz) SQUARE WAVE OSCILLATOR
Rp=100kQ
HIGH Q NOTCH FILTER
R1 R2 1
f T ———— 2 1kH
1 ° 2xR,C, ‘
C3
C3
A3 C1=C2= > = 100pF
—'I l__ R1=R2=2R3=15M Q
(03] Cc2
7/9
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LF151 - LF251 - LF351

PACKAGE MECHANICAL DATA
8 PINS - PLASTIC DIP

PM-DIPB.EPS

DIPB.TBL

ol
| [T
—-— < —
L )
‘- - bl
B[B1|]
T b @ I E l
a . | i
Y 4
D
O 0 [0
8 5
[T
i 4
| I I I O I I
Dimensions Millimeters Inches
Min. Typ. Max. Min. Typ. Max.
A 3.32 0.131
ail 0.51 0.020
B 1.15 1.65 0.045 0.065
b 0.356 0.55 0.014 0.022
b1 0.204 0.304 0.008 0.012
D 10.92 0.430
E 7.95 9.75 0.313 0.384
e 2.54 0.100
a3 7.62 0.300
e4 7.62 0.300
F 6.6 0260
i 5.08 0.200
L 3.18 3.81 0.125 0.150
4 1.52 0.060
8/9
Lyy 56GS- ON
>/ 4 mm&%m




LF151 - LF251 - LF351

PACKAGE MECHANICAL DATA
8 PINS - PLASTIC MICROPACKAGE (S0O)

L .
;<1 K-
© i 1
I \ I i
ﬁ < j\[ [
ed E
D
M
1 [0 [ l l .
8 5
.
i 4 N 'a
w
ToooT :
F
Y
Dimensions : Millimeters : Inches
Min. Typ. Max. Min. Typ. Max.
A 1.75 0.069
al 0.1 0.25 0.004 0.010
a2 1.65 0.065
a3 0.65 0.85 0.026 0.033
b 0.35 0.48 0.014 0.019
b1 0.19 0.25 0.007 0.010
C 0.25 0.5 0.010 0.020
cl 45° (typ.)
D 4.8 5.0 0.189 0.197
E 5.8 6.2 0.228 0.244
8 1.27 0.050
83 3.81 0.150
F 3.8 4.0 0.150 0.157
L 04 1.27 0.016 0.050
M 0.6 0.024 B
o) 8° (max.) 3
Information fumished is believed to be accurate and reliable. However, SGS-THOMSON Microelectronics assumes no responsi-
bility for the consequences of use of such information nor for any infringement of patents or other rights of third parties which
may result from its use. No licence is granted by implication or otherwise under any patent or patent rights of SGS-THOMSON
Microelectronics. Specifications mentioned In this publicationare subject to-change without notice. This publication supersedes
and replaces all information previously supplied. SGS-THOMSON Microelectronics products are not authorized for use as critical
components In life support devices or systems without express written approval of SGS-THOMSON Microelectronics.
© 1994 SGS-THOMSON Microelectronics - All Rights Reserved g
Q
SGS-THOMSON Microelectronics GROUP OF COMPANIES 8
Australia - Brazil - France - Germany - Hong Kong - Haly - Japan - Korea - Malaysia - Maita - Morocco - The Netherlands EJ
Singapore - Spain - Sweden - Switzerland - Taiwan - Thailand - United Kingdom - U.S.A. &
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TL081
TLO82
TLO84

MOTOROLA
m SEMICONDUCTOR sy
TECHNICAL DATA

JFET INPUT
OPERATIONAL AMPLIFIERS

SILICON MONOUTHIC
INTEGRATED CIRCUMTS

oA

JFET INPUT OPERATIONAL AMPLIFIERS

These low-cost JFET input operational amplifiers combine two
state-of-the-art linear technologies on a single monolithic inte-
grated circuit. Each internally compensated operational amplifier
has well matched high voltage JFET input devices for low input
offset voltage. The BIFET technology provides wide bandwidths
and fast slew rates with low input bias currents, input offset cur-

rents, and supply currents. P SUFFIX JG SUFFIX
These devices are available in single, dual and quad operational PLASTIC PACKAGE  CERAMIC PACKAGE
amplifiers which are pin-compatible with the industry standard CASE 626 CASE 643
MC1741, MC1458, and the MC3403/.M324 bipolar products. De- O SUFFIX
vices with an “M" suffix are specified over the military operating ‘@. PLASTIC PACKAGE
temperature range of —55°C to +125°C and those with a “C* v U‘SSE ;5‘
(SC-8:

suffix are spacified from 0°C to +70°C.

¢ Input Ofiset Voitage Uptions of 6.0. and 1S mV Max
® Lew Input Sias Current — 30 pQA

® Low Input Offset Current — 5.0 pA

® Wide Gain Bandwidth — 4.0 MHz

® High Slew Rate — 13 V/us

e Low Supply Current — 1.4 mA per Amplifier

< High Input Impedance — 1012

* Industry Stzadard Pincuts

ORDERING INFORMATION

"AOHsn Nt ¢ e
v + Input T BVee
Noninvt inpu* "_-.L('/\“: QOutput
VEE Q p' Otfset fult

TLO81
{Top View}

Op Amp Temperature
Function Device Range Package
TLOB1ACD. CD SO-8
. TLO81ACJG. CJG Q1o +70C Ceramic OIP
Single
TLOB1ACP, CP Plastic DIP
TLOBIMUG -5510 +125°C Ceramic DIP
TLO82ACD, CD S0
Dual TLO82ACJG, CIG Gto - 70°C Ceramic DIP
a3l
N TLO82ACP, CP Plastic DIP
TLO82MJG ~5510 +125C Ceramic DiP
TLOB2ACY, CJ 010 ~70°C Ceramic DIP
Quad TLOB4ACN, CN Plastic DIP
TLOBLMY -5510 - 125°C Ceramic DIP

N SUFFIX J SUFFIX
PLASTIC PACKAGE CERAMIC PACKAGE
CASE 646 CASE 632
{TLOB4 Only) {TLOB4 Oniy)
Out 1 [ i r 1 Qut 4
[ 1EC{:>J l’-'"ln ts £

nputs ™ ~ }:') pu
Vee [ = VeE

tnputs 2 Eh -_\)2~ F\’ﬂ_g tnputs 3

Out 2 (4] I} Out 3

TL084 (Top View)

MOTOROLA LINEAR/INTERFACE DEVICES

2-374




TLO81, TLO82, TLO84

ELECTRICAL CHARACTERISTICS (Ve = +15V,Vgg = =15V, TA = +25°C unless otherwise noted)
TLO8_C
TLOS_M TLOS_AC
Characteristic Symbol Min Typ Max Min Typ Max Unit
Slew Rate {See Figure 1) SR 8.0 13 —_ - 13 — Vius
Vin = 10 V. R = 2.0k C = 100 pF
Rise Time {See Figure 1) ty -— 0.1 —_ _ 0.1 _ us
QOvershoot Factor — — 10 — — 10 —_ %
Vin = 20 mV, R = 2.0k, C_ = 100 pf .
Equivalent input Noise Voltage eq - 25 - —_ 25 — aVviIVHZ
Rs = 100 0. f = 1000 Hz
Channel Separation — — 120 — — 120 — d8
Ay = 100
ELECTRICAL CHARACTERISTICS (Ve = +15V, VEE = =15V, TA = Tjow 10 Thigh [Note 3])
TLos_C
TLOS _Mm TLO8_AC
Characteristic Symbol Min Typ Max Min Typ Max Unit
Input Offset Voltage (Rg = 10 k. Vepy = O) Vio mv
1081, TLO82 - - 2.0 —_— —_ 20
TLO84 - - 15 -— —_ 20
TLOB_A - —_ - - — 25
Input Offset Current (Vcpg = 01 (Note 4) o nA
TLos_ -— - 20 - —_ 5.0
TLO8_A - - — - — 3.0
Input Bias Current (Vcpy = 01 [Note 4) g nA
TLOS_ T oo - - n
TLOS, A [ —_ - - - 10
Large-Signal Voltage Gain (Vg = =10V, R > 2.0 k) AvoL 1 Vimv
TLOS_ 15 — - 15 - -
TLO8_A - - - 2 - - i
Output Voltage Swing (Peak-t10-Peak) Vo 1 v
(R > 10k} 2 - - 24 - -
(R, & 2.0k 20 -— — 20 — -—

NOTES {conunueal:
3. Tiow = =55'C tor TLOBYM, TLOS2ZM, TLOSAM Thlgh « «125°C for TLOBIM, TLOBZM, TLOBAM

= 0°C for TLOBIC, TLOBIAC < =70°C lor TLOSIC, TLOSIAC
TLO82C. TLO82AC TLO82C. TLOB2AC
TLO84C, TLOBAAC TLOBLC, TLOB4AC
4. inpwt Bias currents of JFET input 0p amps aopronrmately doudte for every 10°C rise 1n Juncuon Temperature a3 shown in Figure 3. To maintam
Junction Temperature as close 10 as puise must be used during test,
TEST CIRCUITS
FIGURE 1 — UNITY GAIN VOLTAGE FIGURE 2 — INVERTING GAIN OF 10
FOLLOWER AMPUFIER
10k
A
1.0k
O—AAN—
vo Vin vo
Vin
R = 20k CL = 100 pf = AL CL = 100 pF
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v OUTPUT VOLTAGE SWING (Vp-pl I, INPUT BIAS CURRENT InA)

Vo. OUTPUT vOLTAGE SWING Vp-p}

TLO81, TL082, TL084

AGURE 3 — INPUT BIAS CURRENT

versus TEMPERATURE
1
100
3 )4 1 pA
F— Veoee = =15V A
==
1 - P Y 4 =
i - 7
T - +
10
L b 1 — .l | l7 1
1S | i 1] ré 1
t $ $ — T
o t 13
I 1 1 7L ) E— 1
+ ! ! ! !
on 1 1 = 1 ul
-5%) -% 0 2% S 15 W0 125
s AMBIENT TEMPERATURE {°C)
FIGURE 5 — OUTPUT VOLTAGE SWING
versus LOAD RESISTANCE
T T 1
x| VecVee = =15V
Ta = 5C
See Fgure 2 -
.i . /r‘
2 TG
HE
0 [ | |
* ey
L1 | |
] |
0
01 02 [ YR Y ERY 20 W 10
Ry, LOAD RESISTANCE {(x})
FIGURE 7 — OUTPUT VOLTAGE SWING
versus TEMPERATURE
‘ l
35 | VCCVEE = =15V !
See Fqure 2 LR =00
% K
m—
\ﬂl =20t
20
15
16
50
0
-0 -5 ] o3 %0 B W0 15
T AMBIENT TEMPERATURE Q)

AGURE 4 — OUTPUT VOLTAGE SWING

vertus FREQUENCY
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FIGURE € — QUTPUT VOLTAGE SWING
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TLO81, TL082, TL0O84

HGURE 8 — LARGE-SIGNAL VOLTAGE GAIN AND

PHASE SHIFT versus FREQUENCY

FIGURE 10 — LARGE-SIGNAL VOLTAGE GAIN
versus TEMPERATURE

1000 ———
l l VOOVEE = = 15V
Veohee = =15V ;f:z::”-—
= 108 A = 20t = i
< To = 25°C < R M I
Pt o 00
g " 2z
S 2 o
= wl AN e 8
& ain £ =
S AN IS &L 3
o ~N <L
> - -
< N N T 3
10 wrE o ¥
Phase Shif ~N '\ 2
. N .
10 < 135
1 N 160° 12
010 100 10t 106 100k 10M oM . =% -2 0 25 S 15 w15
- 1, FREQUENCY (Hz) Ta. AMBIENT TEMPERATURE (C)
FIGURE 11 — NORMALIZED SLEW RATE FIGURE 12 — EQUIVALENT INPUT NOISE VOLTAGE
versus TEMPERATURE versus FREQUENCY
E T
| g |, T TTT]
115 E VeeNee = =15 vaclly
s I ljaze
w110 gso I HESERC T ]
g 3 1 i 1 Tp = 5¢C Jiti
s ey % I L1 dim 1 nh
a «a Tiyh, T IS TH] T
% — N I S A T R R
= e =y NG 1 Pl il
Zox = g A N T N
S . = W T
S ) FRINI VY
=020 = Hiik I m | !
085 S 10 it . |
3 e E T
g A i ,“;,
20 L . il i
-0 -5 0 5 %0 I’ 100 125 0.0 005 o0: 05 10 S0 10 0 13
Ty, AMBIENT TEMPERATURE (°C} 1, FREGUENCY (kHs)

FIGURE 13 — TOTAL HARMONIC DISTORTION
versus FREQUENCY
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TLO81, TLO82, TLO84

REPRESENTATIVE CIRCUIT SCHEMATIC
{Each Ampfifier)

Output . \
1
kl : s Vee
|
RO T |
a3 ar i
A A N : f
Qs 1 :
] 1
- J1 J2 4 1 i
lnfu(s ?‘: : :’ 20k :
Qi? : :
- "/ 1 t
foe Uz |
Q1s Qs az3 ! '
| 10 pf 2 ! §
L—(Eu i ? 4 — : '
I
a2 7 E {
I rgzz Qze ! i
I
P !
Q12 [o3K] bﬂKQ‘lG i { ]
/{ \1 j\ }/0“ [) I }) :
01% - o s }— 55102
| '
| |
! {
1 [}
(o—- OS‘* 1 !
OHce: 4 1 1
{ - '
Nult { 15&{ ,..5,‘? ! '
(TLost | 1
anlyl T . v,
l\ | Bias Circuitry : €e
} Common 10 All*
Amplifiers

TYPICAL APPLICATIONS

AGURE 14 — OUTPUT CURRENT TO VOLTAGE TRANSFORMATION
FOR A D-TO-A CONVERTER
Vee = S0V S s
N Settling time to within % LS8 (= 19.5 mVlis 3pproximately
L . 4.0 us from the time all bits are switched.
3

*The value of C may be sefected to minimize overshoot

1< R1
MSB AT 5 o] Ty Ve and ringing (C ~ 8 pFi.
A2 6 o— 15
A3 70— i
A3 T ciss —0———-:;-—1— Vee = 15V Theoretical Vg

AS 5o Senes | S Vief o) [A1,82 A3 A4 as a6 A1 a8
A§ 10 o— = [ Vo = Ry RO T T T e T e 128 e
A7 11 0 . - . Vo " . -
LSE A8 12 o—] — A'dpurl Vreg- Rt or RQ so that Vg with all digital inputs at
- high level is equal 10 9.961 volts.
161 TLO81
6 t_“_TJ Veef = 2.0 Vdc
15 of Vee = -5V Ry = A2~ 1.040
Ro = 5.0k
VEE = =15V Ro
C‘E. v 2.ov(5°k, LML S S IS U N
- — (g Pt o el e s ey Sy
0" 3%k 27 e e TR T T T 56

w258 9.961 Vv
256 -
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TLO81, TLO82, TLO84

FIGURE 1S ~~ POSITIVE PEAK DETECTOR

—0 Vout

Vi . INS14 2R 1.0 uF Y2 TL082

Y% Mos2 =

Reset > *Polycarbonate or
Polystyrene Capacitor

FIGURE 17 — ISOLATING LARGE CAPACITIVE LOADS
A2 S0tk

FIGURE 16 — LONG INTERVAL RC TIMER
0 Vout

A1 vi R3 TLO81

VA

¢ == ~20V —
Run T 0 —r. |
o — + - ——
\ -20V -~ g = =
RS_{ *Polycarbonate or A
L Polystyrene Capacitor ® Overshoot < 1C%
= ot = 10 us

.. . .
T:me {1) = R& C{n (VRVR - V31, R3 = R4, Rg = 0.1 RE ® When driving large Cy, the Vg ;1 slew rate is determined by Cy

If R1 = R2: 1 = 0.693 RC and lgyt(max|:

Desigs Evample: 100 Second Timer av Y 0.02
vg = 10V C = 1.0 uF Rl = R4 = 144 M Qul | OU! 5 v s = 0.04 Vius (with C_shown)
RE = 20k RS = 20K Rl = RZ = 1.0k at = -S .

FIGURE 18 — VOLTAGE CONTROLLED CURRENT SOURCE

R3
—ANN
R1
Vin O——A"A - RS
—0 fout
R2
TL081
Re

Vi
1f R1 through R& >> RS then lgyq = Elg
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National

Semiconductor

AtoD,Dto A

DACO0800 (LMDACO08) 8-Bit Digital-to-Analog Converter

General Description

The DACO8 is a monolithic 8-bit high-speed current-

output digital-to-analog converter
typital seftling times of 100 ns.

muluplymg DAC, monotonic performance over a 40 to.

(DAC) featuring
When used as a

1 reference current range is possibie. The'DACO8 aiso
features high compllance complementary current, outputs
to allow differential output voltages 6f 20 Vp-p with
simple resistor loads as shown in Figure 1. The reference-

to-full-scalé current matching of better than +1 LSB'

eliminates the need for full scale trims in most applica-
tions while the nonlinearities of better-than *+0.1% over
temperature minimizes system error accumulatlons

The noise immune inputs of the DACO8 will accept

TTL levels with the logic threshold pin,'V) ¢, pin 1
grounded Simple adjustments of the Vic potential,

The DACO800L, DAC0802L, DAC0800LC,DACO801LC
and- DACO802LC are a- direct. replacement for the
DACO08, DACO8A, DACOSC, DACOBE and DACOS8H,

respectively

Features:

®  Fast settling output current 100 ns

®  Full scale error. +1LSB

® Nonlinearity over temperature 10.1%

m Full scale current drift +10 ppm/?C

= High output compliance —=10V to +18V
* m Complementary current outputs

n

Interface directly with TTL, CMOS, PMOS and

others
.allow direct mt_erface to all logic families. The perfor- ® 2 quadrant wide" misltiolyi bili
mance and characteristics of the device are essentially ) q rantwi e.range multiplying capabiiity P
unchanged over the full 4.5V to *18V power supply ® ‘Wide power supply range +4.5V to 218V
range; power dissipation is only 33 mW wrth *5V = | ow power consumption 33 mW at +5V
supplies and is independent of the logic input states. ® | ow cost
Typical Applications Connection Diagram
v Dual-In-Line Package
DIGITAL INPUTS
“mss THRESHOLD 1§ L ) 18 .
81 82 83 B4 85 86 B7 88 CONTROL,V ¢~ ® [~ COMPENSATION
10k 2 1§
T ? T ? ? ? ? lour ouT —1 — VREF(-)
5k 5 6 1 9 10 11 12 [
10V O—AAA—] 14 : s °© v ' Vrere)
. 4 13 .
DACO? Vour T0 20 Vpp tour — —Vv
sk 5 12
15 MSB 81— 81 LS8
l 3- 16 1 1 —0 s 1
= 0.1 uF 01 uf __g Tour 82— Y
'_4,_{ 5 0] %85
— s} Cc — _'... 3
= V™ 001 uf v b .
FIGURE 1. :20 Vp-p Output Digital-to-Analog Converter TOP VIEW
Ordering Information
TEMPERATURE ORDER NUMBERS®
NON LINEARITY
RANGE .D PACKAGE (D16C) 4 PACKAGE {J16A) N PACKAGE (N16A)
#0.1% FS —55C<TA < +125°C | DACOBO2LD | LMDACOBAD
0. 1% FS 0°C<Ta<+70°C DAC0802LCJ | LMDACO8HJ | DAC0802LCN | LMDACO8HN
*0.19% FS ~55°C < TA<+125°C | DACOSOOLD | LMDACOSD.
£0.19% FS 0°C< TA < +70°C DACO800LCJ | LMDACOSEY | DACOSOOLEN | LMDACOSEN
+0.39% FS 0°C < TA.< +70°C DAC0801LCJ | LMDACOSCJ | DACO8BOTLCN | "LMDACOSCN

" Note. Devices may be ordered by using either order number,

(800VYaINT) 00800VA

877



DAC0800 (LMDACOS8)

AbsoluteMaximum Ratings

Supply \/oltaga
Power Dissipation {Note 1)

Reference Input Differential Voltage (V14 to Vis)
Reference Input Common-Mode Range (V14, Vi5}

Reference Input Current
Logic Inputs

Analog Current Outputs
Storage Temgersture’

Lead Temperature (Soidering, 10 seconas)

18V or 36V.
500 mwW

V™ to vt
V= vt
5mA

V™ to V™ plus 36V
. Figur;:—?t!
165°C to +150°C

" 300°C

Electrical Characteristics (vs - 15y,
Output characteristics ‘refer to-bath’ louT-and loyuT)

Operating Conditi,ons-'

Termperaturs (1 Al
DACO8021 A, LMDACOSA
DAC0800L, LMDACO8
DACO800LC, LMDACOSE,
DAC0801LC, LMDACOSC,
DACO0802LC "L MDACOSH

MIN

-55

coo

MAX

125
+125
+70
+70
+7Q

IREF = 2 mA, TMIN < TA < TRAX Unless otherwise ‘specified-

DAC08062L/ _DAC08G0L/
PARAMETER' CONDITIONS DAC0802LC DACos0oLC DAcoso1Le G,
MIN | TVP | MAX | MIN [oTYR] MAX | MIN T 7vF T Max] °
Resolution . 8 8 8 8 8. 8 8 |8 8 J B
Monotonicity 8 8 ) 8 |8 |8 g |8 a ‘B
Nonlinearity - +0.1 £0119 039 f gy
Settting Time 1 To's 172 UsB, An Bins Switched 100 | 135 100 150 R
“ON" br “DEF”, To = 25°C _
 DACDE0OL 10 | 135 1 A&
DACC800LC. 100 50 el
PLH PHL “Propagation Relay Ta="25"C
Each Bit_ 35 | 60 35 60 35 30 gy
All Bits Switched 35 60 35 69 35 80 e
TClgg Full Scale Tempco *10 250° *10 150 *10 280  [ppm/C:
Voec Ouypu'z_.Volu'gn.'Compﬁamni Full Scaie Currem Change =10 18 -10 18 =10l 18 A
<1/2LS3, RoyT > 20 MO Typ
IFs4 Fuil Scale Current VREF 7.10.000V, R14=5.000 k2 | 1.984| 1.992 [ 2.000 | 1.94 | 1.99 204 | 194} 1.99 2.04 mA
R15=5.000 -0, Tp = 25°C
IFss Full Scale Symmetry IFs4 ~ Igs: $0.8 |40 + +8.0 2 215 pA
175 Zefd Scaré Current 0.1 1.6 0.2 20 0.2 40 | pA
IFsR Putpus Current Range . \F’ = -5V 0 2.0 24 0 20 21 0- 20 21 mA,
V7= _8Vito-18v 0 2.0 4.2 0 2.0 42 | o 2.0 32 mA
Logic Input Levels
ViL -Logic "0 Vic = ov 0.8 0.8 0.8 v
VIH Logic 17" 2.0 2.0 20 v
Logic tnput Current vic=ov ’
e Logic 0" -0V <V < +0.8V -20 l-10 2.0 {-=10 -2.0 -10 pA
IH “Logic 1" VS VIN < +18Y 0.002 | 10 0.002 | 10 0.002 | 10 HA
Vis Logic Input Swing V™= _15V -10 8 [-10 18 |-10 18 v
VTHR * Logic Threshold Range Vg =15V -0 135 |-10 135 | -10 13.5- v
s Réferenc: Bias Current -1.0 -3.0 -1.0 -3.0 -1.0 -3.0 »A
difde Reference Input Slew Rate | (Figure 24 8.0 8.0 8.0 mA/ps
PSSIES+  "Power Supply Sensitivity 45v<vt<iay 0.0001{ 0.01 0.0001] 0.01 0.0001| 0.01 %%
PSSiEs_ —45V<VT<Igy 0.0001| 0.01 ®0001| 0.01 0.0001 0.01 %%
IREF " 1 mA
Power Supply Current Vs = *5V,IREF = 1 mA
1+ 23 X} 2.3 3.8 23° | a8 mA
- ‘43 |-s8 -43 |-58 -43 |58 mA
V§ =5V, ~15V, IREF = 2mA
[T 24 38 24 EX:] 24 38 mA
- %4 [-78 %4 |-78 %4 |-7.8 mA
Vs = 15V, IREF » 2 mA
= 25 is 25 a8 25 k] mA
[ %5 |-78 -5 }-78 65 |-7.8 mA
Pp Power Dissipation *5V, IRgF = 1 mA 33 48 k] 48 13 48 mw
5V. -15V, igr = 2ma 108 | 136 108 | 136 108 | 13 mw
$15V, IREE = 2mA 135 174. 135 174 135° 174 mwW

Nots 1: The maximum iunction'tamperature of the DAC0800, DAC0801 and DACI
in the dual-in-line J or D Package must be derated based on a thermal resistance of

in-line N package.

0802 is 100°C. For orjemxing at elevated temperatures, devices
100°C/W, junction to ambient, 175°C/W for the molded dual-

'8-78




Biock Diagram
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DAC0800 (LMDACOS)

Py - PROPAGATION DELAY (nd)

Full Scale Current
vs Referance Current
s 1 Ta" Taun 70 Tiaax
< -HALLBITSHIGH
£ 5 UMIT FoR
x TV -5y
w ‘ \g
£ 4 —
3 - : A
[ a / s
5 -
[
-
3 2 . -
" < LIMIT FOR™T—
A - Ve 25y ——
d LI LA 4 L
. 1T

LI B 2 T T
‘IgeF ~ REFERENCE CURRENT (mA).

FIGURE 3
Raferenca Amp
Common-Mode Range
4
Ta=Tayn 70 Tyax
_ 3 Fawrs-on
o
= u
£ n
5 NIRRT Yy = 15¢
5 [ IREE*2mA 9
a 15
=4 [
3 12 'REF =1 mA+—]
] | S
o 8 il
04 nep =02 mA
0 ¥ I 1 N

-4 -0 -6 -2 2 8 10 14 32
V15 - REFERENGE COMMON-MOOE VOLTAGE (V)

Note. Positive common-mode range is
always {V+) — 1.5v

FIGURE 6.

Output Current vs Output
Voltage (Output Volitage

Compliancs)
22 - -
ALLIBITSI'ON; Ta*Thin 70 Tax

= 24 1
T LN
-~ -V=~i5V _V=_5y.
£ 2=
b [ IREF *2mA
E 15 -
£ + t '
(=)
=3
g 12 fRep =1 mA
S 1
1 1
=)
= . 'REF~ 02 mA

. I 1

-4 -10 2 -2 2 5 10 K 1
Vg - OUTPUT VOLTAGE (v}

FIGURE 9

Vg - OUTPUT VOLTAGE (V)

“Typical Performance Characteristics

LSB Propagation Doizy vs 'FS

I; - LOGIC INPUT CURRENT {+A)

T ———
Retfsrence Input
Froquency Responss
12 r—r—rrr
10 -R14=R15=1}

_ T |-RL < %00 H
@ 6 ALL BITS ~ON" H
- 4 F -
5 3 VRis = ov )
o
=
a L q
g 2 A
2 4 \\ 4
o '\
L]
< -3 3 y 1

_!u -

-1 A

-14

01 02 o5 1 2 5. 18
FREQUENCY (MHz)
Curve1: Co=15pF, Viy =2 Vpp
centered at 1V,

Curve 2: Cc = 15pF, Vin =50 mVp-p
centered at 200 mV.

Curve 3; Cc = 0pF, Viy = 100 mVp4q
at OV and applied through 50 2 con-
nected to pin 14. 2V applied to R14,

FIGURE 5

VTH = V¢ vs Temperature

]
400
258
08
200 11S8=750A
)
sl WP
il 115878y
100 }
“ T
o LTI
00102 0050100208 1 2 540
Ig5 - OUTPUT FULL SCALE CORRENT (mA)
FIGURE 4
Logic Input Current
vs Input Voltage
s L
4
z,
0
—12-10-3-5-4-202 4 6 $10121416 18
Vi~ LOGICINPUT VOLTAGE (V)
FIGURE 7
Output '\'lpltago Compliance
vs Temperature
20
“4 »\\\\4 \\\ \:‘ “\‘\Q
. Y
- ERAMMMM
JSHADED AREA INOICAT ES:
s 3 PERMISSIBLE QUTPUT :
3§ VOLTAGE RANGE FOR
4 ] =V * 15V, Iner S?mA. 3
0 {—J FOR OTHER —V DR ipgg, §
] SEE FIGURE ]
'y ‘\\w'\x \§\\ \\{ \\ \\\
a B \ NN \‘
AN NN
-12

50 )] 59 100 150
Ta — TEMPERATURE {*C)

FIGURE 10

2.8
24
22
2
s 1.3
o 1.8 ~]
3 14 IS
12 g
E ~
[}]
0s :
04 3 l
02 -
0
-50 ] 50 100 is0
TA -~ TEMPERATURE (°C)
FIGURE 8
Bit Transfer Charactaeristics
14
LT
LR R B
T 12 FIREFT2ImA
E
£ 81
=
=4 .
E o
b=
X}
[ nd
5 0 —+ 82
5 [-V = -15V T
o 04 Y=t + 8511
| -—I—r—.v._5v ~ 83 -/~
K= 02 PNt " fa
FANEAN el Y ny/w
o LT T T~ r—Trrr—

—-12-10-8-6-4-20 24 6 8 101214 1613
VL - LOGIC INPUT VOLTAGE {V)

Note. B1—-B8 have identical transfer
characteristics. Bits are fully switched
with less than 1/2 LSB error, at less than
2100 mV from actual threshold. These
switching points are guaranteed to lie
between 0.8"and 2V over the operating
temperature range (V¢ = 0V).

FIGURE 11
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Typical Performance Characteristics (continued)

Power Supply Current

Power Supply Current vs v ?ow-r Supply Current vs ~V vs Temperature
.
= ALL BITS HIGH OR LOW ALL BITSMAY BE HIGH ORLow. T 0 ALL BITS HIGH OR LOW
£ i f g7 I-WTHiggr e 2mA ] S Y [iperrzma
P OTIT T R
£ g Ae ] € 7 “V=-15v
3 e 1-WiITH Iggp = 1 mA 5 -]
: ,"' 4 1 P 1 1 -t -
E 47 > L LU A g 3
a £ 3l 1-WITHipgp=02mA _| 3 .
s = | o I E 3 ~
= =15V
3 2 [res g 2 W g 5 wl |
- 2 1 . ]
1 =
- : ,
- [} - . ']
0 2 4 5 8 1012 14 16 18 20 B -2 -4 & -8 ~10-12-14-16-13-20, -50 50 100 - 150
Vg — POSITIVE POWER SUPPLY (V) V - NEGATIVE POWER SUPPLY (V) Ta - TEMPERATURE [°C)
FIGURE 12 FIGURE 13 FIGURE 14
Typical Applications (Continuea)
DICITAL INPUTS
_————— e 2 YVREF 255
Lse X ———
5182 83 84 85 B8 B2 BB FS™= RREF 256

lo -hG =|fg for all
logic states

For:fixed réference, TTL operation
typical values are:

VRER = 10.000V

RREF = 5.000k.

R15 = RRep

Cco=0.01pF

VLc =0V {Ground)

FIGURE 15, Basic Positive Reference Operation

Raes 1\
) o
_E".‘W—- "
Dacoe ; = DACOL
RIS
“VRgp O—O—AAA— 13 2 I

—~VREF 255 Note. RReF sets Ipg: R15 is
R-R-E-F— x 255 for bias current cancellation

FIGURE 16. Recommended Full Scale Adjustment Circuit FIGURE 17. Basic Negative Reference Operation

DIGITAL INPUTS
usg '
lll?Il?}'? 3% 86 87
1ReF * 2 mA Om——d 18 DACOS
———
Bl B2 B3 B4 BS B6 -B7 B3| IgmA | lgmA| Eg Eo
Fult Scale 11 1 1 1 1 1 91892 | 0000 |-5960 | 0.000
Full Scale—LSB 1T 1 1.1 1 1 i o} 198 | 0.008[=9920 | -0.040
Half Scale+LSB 1 0 0 0 0 0 0 1| 1008 | 0984 [-5.040 | —4.920
Half Scale 1 6 0 0 6 0 o6 o 1.000 | 0992 |-5.000 | —.960
Half Scale—L58 0 1t 1 f 1t %t 1 1| 0992 | -1.000]—960 | -5.000
Zero Scale+LSB 0 0 0 0 0 0 0 1| 0008 | 1:984 [-0.040 | -9.920
Zero Scale 0 0 0o 0 o o o o 0000 | 1992 0.000 | 9960

FIGURE 18- Basic Uripolar Negative Operation

(800YAINT) 00802V A
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DACO0800 (LMDACOS8)

Typical Applications (continved:

Eg 1t
g & p—0
"ngr = 2ma O—tis. DACDS
—_— =
o2 Yy
, Bl B2 B3 B4 'B5 B6 B7 B8| Eq Eo

- Pos..Ful} Scale T 1 1 1 1 1t 1]-9920 | +10.000
Pos..Full-Scale—LSB 1T 7 1 1 1t 1 1 ol-9.840 | +9920
ZeroScale+LSB 1,000 0 0 0 0 1[-0080 | +0.160
Zero Scale ¥ 6 0 0 0 0 0 0| 0000 | +0.080
. Zero Scale—LS8 O 1 t 1 Tt 1 1 1|+0080 0.000°
Neg. Full Scale+1SB 0. 0 0 0 0 0 o0 1]|+920 |-9840
. Neg, Fult.Scale 0 0 0 o 0 0o 0 o0]+10000}-9920

FIGURE 19. Basic Bipolar Output Operation

[
A
AVA'AV
s o o\ h
VREF ® 10V OmmAAA e 0
DACSY e —O £y
13
l Vv o 2 +

AL

lf_RL,.=.ﬁ—|_wixhin +0.05%, output is symmetrical about ground

L Bl B2 B3 B4 BS B6 B7 B8| Egq
Pos: Fult Scale 1 1 L A +9.920
Pos. Full.Scale—LS8 1 1 1 1 1 1 1 ol+sa0

{+) Zéro Scale 1.0 0 ¢ 0 0 0 o[+0be0
(=} Zero Scale 0 1 1 1 1 1 1 1 }|-0.040
Neg. Full Scale+LSB 0O 0 0 o0 0 o0 o0 19840
ieq. Full Scale 0 0 0 ¢ 0 o0 o0 0]|wo92

FIGURE 20. Symmetrical Offsat Binary Operation

Rt
—WA—
. 'o
¢
fo

DAccs —0O 010 +1gg- AL

] lee = 255 |

g & = = FS 258 REF

For complementary output (operatio_n as negative logic DAC), con-

nect inverting input of op’amp to Ig (pin 2), connect o (pin 4)
to ground.

FIGURE 21. Positive Low Impedancs Output Operation

]
—O 070 - gy - By

! = 255 I
FS & ——= IREF
DACGE 256

)
i

For complementary output (operation as 3 negative logic DAC) con-
nect non-inverting input of op amp to o (pin 2); connect 1
{pin 4) to ground.

. FIGURE 22. Negativ; Low Impedance Qutput Operation
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Typical Applications (continued)

Vrge V(e s 14V
15V CMOS, HTL, HL oS
VI e 18V ey~ ov

TIL OTL
Yin ety

-1V T0 15V,

— et —

pACss “Vrei

|
l
l .
] e 9
we |z I—""l ) e {
= ] L L V10 -10v FOR OFFSET INPUTS

OPTIONAL RESISTOR

Rix
__._.___.+_.—-—--—-r.__._.L_.___. u ‘
sV cM0S 10V CMos 0K ECL
Vrye L8V l Vigesv ! Vinp -128v JACSY
DACCS s " 2
vie nicar
i Typical values RN = 5k, +Vin = 10V
mag

Note. Do not éxceed hegative logic input range of DAC.

FIGURE 23. lnterf.acing with Various Logic Families

‘FIGURE 24. Pulsed Raference Operation

“Yagr
I1REF
I
it}
* Rags
in—o— Vags O—AAA—— 1
fun .
nacss atg
fornonaL)
Vi —g—  O—AAA——1 15
HIGH INPUT -
IMPEDANCE

DACTS

{a) IngF > pe+k negative swing of Iy

FIGURE 25. Accommodating Bipolar Raferences

o1 uf

FOA TURR “ON", V| * 27V
FOR TURN “OFF°, vi~orv "L O

HPS032.2308
SCHOTTKY DICDES
Vey
oIV
Vin (X"
Ragp 5 8 2 2 8 10192
“Vagr O—A— 1
DACTH
ats o.u.1)
15
l 13 1 1]

FIGURE 26. Settling Time Mesasurement

1:——{}1—-:
CA!ACITA:C!\ lJ _I_:-: R

Ragr~ RIS

{b) +VRgF must be above peak positive swing of “’IN

"(800VaINT) 00800V A
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DAC0800 (LMDACO8)

Typical Applications continueq) T Eanson
cloex FREE
RUR
T! ® 2
v 1 vee ax !J Occ

0ot uF oS ?

s o
$ono
an 01 02 03 04 03 08 07

16 [5[s e
LS8 b

Ty ARALDG
O-3IT DISITAL 1
WORD-

iz fieds o
LSK 87 36 35 84 )
vp*

DACDS.

\
v - CoMP

__[_ _1uF J
- ,t— Note. For 1 ps conversion time with-8-bit rfesolution and 7-bit

v accuracy, an LM361. comparator replaces the LM319 and the
- reference current is doubled‘bv_‘_reduci.n_g.ﬂ1 R2 and R3 to
2.5 kQ and R4 to 2 M<T.

EIGURE 27. A Complats 2 s Conversion Time, 8-Bit A/D Converter
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National
Semiconductor
Corporation

MF6 6th Order Switched Capacitor

Butterworth Lowpass Filter

General Description

The MF6 is a versatile easy to use, precision 6th order But-
terworth lowpass active filter. Switched capacitor tech-
niques efiminate extemal component requirements and al-
tow a dlock tunable cutoff frequency. The ratio of the clock
frequency to the lowpass cutoff frequency is intemally set to
50 to 1 (MFE-50) or 100 to 1 (MF6-100). A Schmitt trigger
clock input stage allows two clocking options, either seli-
clocking (via an external resistor and capacitor) for stand-
alone applications, or an external TTL or CMOS logic com-
patible clock can be used for tighter cutott frequency con-
trol. The maximally flat passband frequency response to-
gether with a OC gain of 1 V/V allows cascading MF6 sec-
tions for higher order fiitering. In addition to the filter, two
independent CMOS op amps are included on the die and
are useful for any general signal conditioning applications.

Features

’ No extemal components

® 14-pin DIP or 14-pin wide-body S.0. package

u Cutoff frequency accuracy of £0.3% typical

= Cutoff frequency range of 0.1 Hz 10 20 kHz

8 Two,uncommitted op amps available

& SV 10 14V total supply voltage

u Cutoff frequency set by extemal or intemal clock

Block and Connection Diagrams

s et - Ml Packages
Ea 1 . Hwz = e
_l Yo —{2 ul—wm
€T onOER = B
b S - il wn )" s
pagid Vo —d d Nl axn
s OF AMF 21 -
b Sl oo e
v 2 v —s =y
l —{ %
v VYos AR —1 7 $— zua
q-m
o l‘d TU/H/S065-2
& E Top View
oF AxP 02 Kooz Order Number MFECWM-50
t 1 or MFECWM-100
[

See NS Package Number M14B

Order Number MFECN-50
or MF6CN-100
See NS Package Number N14A

Order Number MF6CJ-50
or MF6CJ-100
See NS Package Number J14A

TL/H/S065-1
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‘Crosstalk Test Circuits

From Filter to Opamps

nm

Yoo Yo b—
ax
204~ 20\
wes l—(z:anu

From Either Opamp

Pin Descriptions (rin Numbers)

Pin
FILTER OUT (3)

FILTER IN (8)

VosADJ (7)

AGND (5)

Vo1 (4).
INV1 (13)

Description

The output of the fowpass filter.
il will typically sink 0.9 mA and
source 3 MA and swing {0 within
1V of each supply rail.

The input to the lowpass filter.
To minimize gain emors the
source impedance thai drives
this input should be less than 2k
(see section 1.4). For single
supply operation the input signal
must be biased to mid-supply or
AC coupled.

This pin is used tc -“ust the DC
offset of the filter output; il not
used it must be tied to the
AGND potential. (See section
1.3)

The analog ground pin. This pin
sets the DC bias level for the
filter section and the non-
inverting input of Op-Amp #1
and must be tied to the system
ground for split supply operation
or to mid-supply {or single
supply operation (see section
1.2). When tied to mid-supply
this pin should be well
bypassed.

Vo1 is the output and INV1 is
the inverting input of Op-Amp

# 1. The non-inverting input of
this Op-Amp is internally
connected to the AGND pin.

or-ant 2

to Filter Output

v

Yo

Pin

Vo2 (2. -
INV2 (140,
NINV2 (1)

V*(6).V=(10)

CLK IN (9)

CLKR(11)

L Sh{12)

l—(l}ﬂhﬂ

L
YOOI
TUH/5065-10
ac
VOLTWETIR
TL/H/5065-11

Description

Vozis the output, INV2is the
inverting input, and NINV2 is the
non-inverting input of Op-Amp
2,

The positive and negative
supply pins. The total power
supply range is SV 10 i4V.
Decoupling these pins with

0.1 uF capacitors is highly
recommended.

A CMOS Schmitt-trigger input to
be used with an external CMOS
logic level clock. Also used for
self-clocking Schmitt-trigger
oscillator (see section 1.1).
ATTL logic level clock input
when in split supply operation
(+2.5Vto £7V) and L Shtied
1o system ground. This pin
becomes a low impedance
output when L. Shis tiedto V—.
Also used in conjunction with
the CLK IN pin for a self
clocking Schmitt-trigger
oscillator (see section 1.1).
Level shift pin, selects the logic
threshold levels for the desired
clock. When tied to V=it
enables an internal tri-state
butfer stage between the
Schmitt trigger and the intemnal
clock tevel shift stage thus
enabling the CLK IN Schmitt-
trigger input and making the
CLK R pin a fow impedance
outpul.
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MF6

Pin Descnptions (Pin Numbers) (Continued)

Pin Description

L. Sh (cont) When the voltage level at this
input exceeds [25%(V+ — v-)
+ V—] the internal tri-state
butfer is disabled aliowing the
CLK R pin to become the clock
input for the internal clock level
shift stage. The CLK R
threshold level is now 2V above
the voltage appfied to the L. Sh
pin. Driving the CLK R pin with
TTL logic tevels can be
accomplished through the use
of split suppfies and by tying the
L. Sh pin to system ground.

1.0 MF6 Appiication Hints

The MF6 is comprised of a non-inverting unity gain lowpass
sixth order Butterworth switched capacitor filter section and
two undedicated CMOS Op-Amps. The swilched capacitor
topology makes the cutoff frequency (where the gain drops

3.01 dB below the OC gain) a direct ratio (100:1 or 50:1) of
the clock frequency supplied 1o the lowpass filler. Intemal
integrator time constants set the filter's cutoff frequency.
The resistive element of these integrators is actually a ca-
pacitor which is “switched" at the clock frequency (for a
detailed discussion see Input Impedance Section). Varying
the clock frequency changes the value of this resistive ele-
ment and thus the time constant of the integrators. The
clock to cutof! frequency ratio (fak/te) s set by the ratio of
the input and feedback capacitors in the integrators. The
higher the clock 1o cutoft frequency ratio (or the sampling
rate) the closer this approximation is to the theoretical But-
terworth response. The MF6 is available in foux/fe ratios of
50:1 (MF6-50) or 100:1 (MF6-100).

1.1 CLOCK INPUTS

The MF6 has a Schmitt-trigger inverting buffer which can be
used to construct a simple R/C osdillator, The oscillator's
frequency is dependent on the buffer's threshold levels as
well as on the resistor/capacitor tolerance (see Figure 7).

C R
| T A to V=
.l W -——
[(Vcc - Vo )v,,]
= ACIn} { = = Y= Ve
= QK I ax R LSH Vee ~ Vo Jvre
9 1 12 Typically for Vg = V* = v~ = 10v°
1
fow = TeRe
AT + v
TRISTATE SHIFT
BUFFER suct ¢
I
TU/H/5085-12
FIGURE 1. Schmitt Trigger R/C Osciilator
\ \_J
NNv2 = 14}-mv2 HMv2 1 14[-mvz
Yoz-j2 134~ tv1 Yoz 2 135 mvi
FILTER 0uT- 3 12 =St FLTER 0T 3 2 ESh o
Youd, 1 _&KR Yord, " :;.KR <N ov
AGHD 1+ 10 -0 =5.0v AGND |, 10 -0 -5.0v
+sov v axm +5v +s.0v v cxm
o—¢- 6 L] —CJUL o—¢ 6 9f-
L] Yos#0d FILTER ] Yos#od AILTER
7 sl J 7 sl 0AuF
N 7’ N
0.1uF L4 = 0.14F )
l O.tuf

TUH/5065-3
FIGURE 2. Duat Supply Operation
MF6 Driven with CMOS Logic Level Clock
(Vi 2 0.8 Ve and ViL £ 0.2 Ve where Vee =Vt —v=-)

TUH/5065+4
FIGURE 3. Dual Supply Operation
MF6 Driven with TTL Logic Level Clock
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Application Hints (Continued)

0.1uf
o QU(. >__.”._l— NFE
6 TH ORDER
+1
w n » euTTERWORTH
FLTER
10k W -
0 *
s
J_ AGND L
0.1 uf 10ka 0
2
Yoz
= D“ 2
W2
' P—— +
Nowvz | il
[l 10V
ov
4
Yot
TUH/SE5~14
a) Resistor Blasing of AGND
Cl]"os*m
7
MF§ 3
6 TH ORDER
sV Q.UL - » BUTTERWORTH U
FLTER FLTER FILTER
W * y out
1h| F
5 L
AGND
Ve, ST
1 0\ s
Yoz { Ls L
+10V TR-STATE -
- 2 |
4 BUFFR
oP-AE 1 {1
. CLKR
+
-ne
1N\ 1ov
: — 1] JUL o
p 13 6 16 QKW ouos
Voo  [Jmvi ve [Jv- LEVELS
410V
lefl
- = TLH/S065-15

b) Using Op-Amp 2 to Buffer AGND

FIGURE 4. Single Supply Operation
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5404 /7404

Hex Inverter

Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Package Package . Package . Package . Package
t Device T Device Type Device Type Device Type
Device Type [ CTRTMICF e rcTPIMEr Yot [CTPIMEF c[PIMEF c[p[mfcF
SNS4S04 1D WDy SNS4HO Ha WY SNS4L S04 I w2{ SNS404 )3 Wit SNSaLO4 P Tivp| T2
T.L CNILSOL 3 CIND SNIHO JTINTD| SNML S04 3T IND SN L ING SNYaLO4 Y DINT|T
F MS4S04/F 3504 {0 F MSAHO4/F M3HO4 [DD)| F 2§ rusasne/ fumans ] HD | FMS404/F aINGd [OL &3
FAIRCHILD FCI4S04/F CIS04 |0T{ T F CaHO4/FC2 HO4 |DQ|PT FCI4L304 7 FOWL 308 o3 |1 1P| FM1a04/7 CaNoe  [DL[PT
34C2108 L) F Q' (YT L3 F 2y
MOTOROLA 4 C3008 L P F3Y SNIeLSoe P {. MCr404 Ld [PU
DM54r04 4 L|NT | DMS4L S04 DMt40s 3 JNT W2y DMS4L 04 3 DN FQy
RS.C DwmI2S04 ND OMrak0 JWING; OMY4L S04 UMl I IND DML 04 1T NG F ol
PHILIPS NS [) NIAHOE [) NTAL S04 Fl F aH24157004 T
GNETICS [ FOAD|] W) S54roa FOAG] |W. Sta0s GALS s
S N34S0t FOIAD]  tw NTamod FOIAT NS4 ai¢] N1 FC|AT
SIEMENS FOma =
FU-"TSU LS04 N MBLe T
HITACH! HOT4S04 DIPD| HD 4L 504 o3 HDMO04/HC2522 | T{PD
MITSUBISH! M55004 D ML S04 s M 51204 P3|
NEC 14504 o J2L 508 i »PB233 O
!
TOSHIBA | 1703caa PR |
Electrical Characteristics SN541.$04/SN74LS04
absoilute mazimum ralings Over operaling free-air lemOeralure fange .
Swen relp. YOO ™ [ S— [ SHILS ~3C w 113C .
—— ™ e e - e Schematics (each gate)
Simage wenrahre anm =45C . 130¢
”Ouhn" -
SNSALS04 SNT4LSO4 ]
v o AL ] o~ e Btk
Sy mage VO .3 [ [XY on [y sn v
L e ) -s00 -et0 -
Lommtrvet mamd currws ig( N . -
Oweratoy vor-ov semwwaive. o -8 | e n <
electrical characteristics over recommended operating
free-sir temperature range
PARAMETER TEST CONDITIONS t MIN TYP § MAZ [UmIT
Vin Hgnevel wout vollage 2 v
it Low-vel woutl voitage 0.1 v
v, npul clump voila: Ve =MIN, )= —18ma - =1 v
L 2 vgg-um v'n_-v:_ P 5 ¢ncwe Ty [ nal ] "L]‘
v High-leve! ouIput voluag ‘. lar 3a v o4 am[rvonitd0l in
On  Han 1 gy =max * “tb4__Taow( 2013001128 |
VCC=MIN,  viy=2v, inpvt Clamp diodes not en
VoL Lowserel oulout vouge gy = dma 0.4f v SKSAL 7SRTAL ° corguits., ‘S04 CiRCWIT
N trout current ot VECmMAX, V=V 0.1 ma ‘04, LOL CIRCUITS
FATIMUm nOul wllage
i Han-evel mout Surrent VEC=MAY | /yy=2.9V 0| wa
[T Low-evet mout arrent VegmMAX, vy =0.4v =0.4] ma
Shart-crowt [ S4LS Faniy | —20 - $00
[ veco=Max
05 ot cuvem * cc | vLs Famay | ~20 o] ™
)
CCH  Swoly current VeEmMAR Total, oulputs meh 1.2 2.4] mA
fcCL_ Swooly currens Total, outouts tow 3.6 68l ma
Average per gate
S:poly axreat Vee=Sv .
dec cc (S0% outy cycie) o4 i
' Propagatior cewy tune, N s
PLH " ) e 10-righ-tevel sutput vee= SV, Ta=z5C. ns
Propagsteon celay ume, C L =ISPF, P w2ko
PHL  nmtomiow-tevel outbul l ]
Pin Assignments (Top View)
T Ve
mE FO ™
@ &)
VCC 6A EY $A sy A ay IY A Y GND sv SA iLlas [
f ol P
Na_hiL ) QRN " e} [l foal i) frel 9] (3] A T wrrT v
SN '-<l‘ Wi
. % o
l I l I l i ] ]] i l ' Moa cRculT ‘LIc4 CirculY
Balabgll q \Hz aHgDabDi0ak
A 1Y 2A Y 3a 3Y GND A 2Y 24 vee 1A 3Y 4aA
positive bogic !
Y= Resistor values shown are nominal and in ohms

TFor conditions shown £3 MIN o MAX. wse the Roprooriate value uroer

SAN tymesl vawma are at VOO SV, Ta=25TC.
*Not more than one culpul snoud be shoried atl 8 Ume, 8nd for SNSIH'/SNTAR" and

SNS4S'/SNTLS",

Guaton of short-crruit should nOT encesd 1 se.nd,
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5413/7413  Dual 4-Input Positive-NAND Schmitt- Trigger
Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Package’ . Package . Package . Package Package
Device Type Device T Device T Device Type Device T
. YPe [eTPIMIcH Pe [cTrIMIG Yoo Ic P micH c[PIMIcF ¢ [CTRmIcH
SNI4ALS 1) ol WU 4 SNSA1 )| s
Tl SNILSI3 1-44NGY SN1413 I ND
FMSAI3/F MINI O3 F 3
FAIRCHILD FCHIVFCING_|OG.[PT]- [F ~
MOTOROLA MGy por
OMs4: $13 OM3413 LNy WL
NS.C oML S OMIeI3 100
PHILIPS NWLS 1) -+ FIL131/2a13 Jr
S5413 @ Al Wil
SIGNETICS NILS 1 Jane N1 FOG[AG
SIEMENS FLHISE 7]
FUJITSU
HITACH HOTaLS 13 ool HDZ54S DPd
MITSUBISHI MlaLS 13 P o 33213 0
NEC L,PB201) o —
TOSHIBA
Electrical Charscteristics SNS4LSI3/SN74LSI3
absolute maximum ratings over operating 1rea o temoerature Bnge
Sy oot VeT ~ [T m— ) WY _w e Schematics (each gate)
Vorei vestoge v rmetaters rop { swrs T e
Siveqe wawrsice avr -3¢ w s0T ’ vee
re e . 150
SNSALS 1D SNTALS 1D NOMm »OM
— oM WAL | s o wax } T neuTS
Sews wmem, VoO X s sy | em s [ v 4 _T———N'—]
Rt Sarltnd D ey -0t - .t .
— 3 e
Lomcmer At turrom, 1y 2 - : . P
Oserotey; weersw wmemarrs, Ta 1 5 n O 3 4 L ¢ ouTPUT
v
eletrical characteristics over reconwmended operating < 2]
i {ree-air temperature range XXz
PARAMETER TEST CONOITIONS MIN TYP 3 MAX | UNIT N
VT+ Pomtvegong Jreshold voitage | Voo = SV t.4 1.6 1.9] v oo
V7~ Negaiwe-gomg twesnoi voltaae | Voo =SV 0.5 0.2 ] X4 13 CtaCcuiT
Hysteresis (VY 4 =Vy =) Voo =5v 04 o8 v
vy Iroul clamo wolizge VOO =MIN, = —t4ma -t.5 v
VECTMIN,  VymVT _mm, '
Vo  Hgndevel ouiput voltage g mMAX 2. 2.4 v
v v VEC™MIN, VimVy.ma, o o4l v
oL owtvel outbul vOILAGE o =ma .
' Input current at v gV vy my ok
T+ POMlive gOINg (Ivesnold cc * PEVT. —0.u
Input ocrent at o
IT- negaton e vee=SY.  ViEvr. -o.18 2
inpwt axrent ay
" manmun mout _vohage VECTMAX, Vy= v 0.4f ma e
[ High-evel wout aurrent Ve =MAX, Vi= 27V 2] wa 0 100 <
e Low-evel mout curreny VCC =MAX, Vi =0 4V ~0.41 ma HOM nom
105 Shortcrcint_output curtent @ | Ve aidax -0 ~100] ma
ICCH  S5woly warrent Vec =wMAX Total. puiouis hn .3 &) ma
Iggt  Swoly cwrent Toul, outouts low 4t 1| ma Laa'id ] . -
- LAvwrage per gate ‘ A
‘e Sl auren VTSV Lisos auiy cycse) -7 ~A s fe H TRt
Procagation dely ieme, c S 1 sl
PLH e qotagnevel outout Veem Y.  Ta=iscC, S BN
Propagation cely Ume, CL=lISofF. P =x ° fe
PHL | g vel cutput [ | 21 -
gh-10-10w e Pul tﬂ, ﬁ, LP r]
Pin Assignment (Top View)
® We 0 2C NC 28 24 Y )
(14 i3] 12} 5] [0} 5] (8]
T I—Ig 1213 cmoaT
l ) 213 1eIsLem1?
1A 18 NC 1C 10 1Y GNO
Positive bogic: NC-No niernsl connecuon
¥ =ABCO Resistor values shown are nominal and in ohms

TFor condtions shown 33 MIN O MAX, u3e the MO ate veke 060 ked WnOs reCOmMenced operat.ng condilions

1At 1ypcal values a1 Voo =SV,

Ta

=25C.

*NOtL more Than one CuULput SNOuD Da Bhorted at & Tume.
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5414,/7414

Hex Schmitt-Trigger Inverter

Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Package . Package . Package . Package . Backaze
Device T Device Type Device Type Device Type Device Type
ce IYPe TP IMIcH YPe cTPImMIcH clplmlcA v cle[micH 2 YR TP mIcH
SNS4LSIE 4 ] Iwrig SNSA1a ) ¥ vt H '
T.1 I I PINT SN TN )
asusie /s rh O] nesare,rema [ I
FAIRCHILD Kusisaxsw {01 PE! VG road o B0 -
] |
MOTOROLA SNTALS 14 To MCIa P - i
DML S 14 1D [T NG WA T
NS.C omrILS 1 T Glate TN e —
T
. i
PHIUPS NTeLS1e ! Ng H ' ]
NS4 € v18 D S
SIGNETICS IS4 Y 5 EIZE I
T
SIEMENS .
T
FUITSY LS4 ' | L
HITACH HO LS 18 P w“D7aL BC
MITSUBISHI VTR ; - rreTIY) 6 v
NEC ]
i 11 [ P :
TOSHIBA I 1 : .
Electrical Characteristics SNSALS 14 'SN74LS14a
sbsolule memimum ratings over g lree-air cange
Temor v CE ~ Py T swsacs RS Schematics (each gate)
1t voniage . v reeetins s | swucs T w we
Siwege moeranse o -4C 6 10C
SHSALS T4 SNTaLs 14 .
1w oM WAN | wew o wax } V™
Sweey verage. VoL a3 s 33 an 3 ¥ -
M e arre. Vo 1 - 400 ~ 400 -
Lommcst mana Grrast, iy 0 ) -
Crerairy #ovwe wmoweroy, Ta % sy . L) * vee
electrical characteristics over recommended operating (1 s t00e
free-air temperature range HOM Nau
PARAMETER ' TESY CONDITIONS t MIN TYPL MAX ; UNIT
VTa Positwe-gong fivesnold vottage | Voo =SV 1.6 1.6 6.8 v NeUTS
V71— Negate-gong itvesnold vottage | Voo =SV 0.5 .8 v ) s o
. 2l tous
Hysterasis (V1 , —Vy_) Voo =Sy 0.4 0.8 [ oute
Vi Inoul ctamo voltage Voe=Mih, I = —igma RETIE '
mMIN, v, wn : \
Vou  Hwgh-ewet outout voltage vee N thbd At .1 34 . v x 2
1094 = WAL i
VoL  Lowstevul owtout voltage VECmMIN. VimvY i 0.25 04 v + GnNe
'OL - 4mA 1
: tnout Curre 81 v v H 14 CIRCUIT
- -sy, - - H
' 2081 gomg threshole cesy VT . 0.4 H ~e
- Input current at v . wy=y H .
T negatve-gorng ttwesnotd €3V, Vimvy - -o.1. ;7
' JInout current at v “ar, v H
- -
! masmum nout voltage cc - e o.t) me
[ Hugn-level mout_current Vog=Ma, vyagz v 20! .
I Low-level mput Carrent VegaMmax, vy =0 av -0.4 . m& . . vee
‘os Snert-twcut Oultut curfent @ Voo eMax - 20 -i0Q ; ma4 Wl : z 1000
I, i D)
R LN P TaEa - ~
CC eunrem Rkl 12 LU P
Average Dar gate Voo =5V, 50% auty cyere 1,12 ! ,‘/'L‘}\
Prooagation gelay iwne, H Ll e -
oLy orERton geuy lme veg=Sv  ThezsC. 15 2 e wif
Sow-1e-twgh-level outout . 4 *ad
: o ouTPyT
' Pnpn’n-on ocldy twne. Cy = 15PF A = M 2 * T
PHL highe10-tow-level Qutmnt L ) L L™ N
Pin Assignment (Top View)
P
[~
1Si1a cwcur
" Y 1A Y da 3T GNO
pasitive logc:
YmA Resistor values shown zre nominal and in ohms

1F o conotions shown as MIN o MAX, v1e A smvoreaie
140 typecal wives are al Vo =5V, T,a=25C,
@ Not more 1han one outoul Showd be Shorted a1 4 lume

Ak Arec.ieo

WNCEE 1OCOMMENCAC IFasAluN: EOMNIIOM




5474 /TAT4

Dual D-Type Positive- Edge-Triggered Flip-Flop with Preset and Clear

10t

Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Packsge . Package . Package . Package . Package
Device Type Device Type Device Type Device Type Device Type
C|P|M|CF] C|P|{M|CF] C|P|MI|CF C|PiM|CF| yIPCF’MCF
SNSASH 3O SNSAHT4 ol WD SNS4LS4 10! W] SNS4TE 3D WD} SNSALM |3 DNDITD!
T.l. SNTST4 3OO SNMMTE 3 D IND! SNLST4 |4 DN SN POIND SNTILN ) DD | T O
FMS4STL/F M5 14I0D F MS4HT4/F M3HI4 10D F D} nesasn,/tmsi o0 @ | FMS414/F MINL [OD F
FAIRCHILD FCILS/FCIS I0D] rD FCI4H14/FCIHI4 |OD F @ KIas /mxsH x| D] FD] FCIM/FCINY_JOD|PDS
MOTOROLA SNILS PO
OMS4HY4 3 QN DMULSN Q) DML 3 DINO) DM S4L 24 J DING! FQ
NS.C OMISH ND OMT4H 1 TIND DML SN DM 74T 1 DINT] OM 4L 14 JTIND Fa
PHILIPS NI4S 24 [5) GJJ11/24K14 D NILSH o)) EINIUN O
$Sax74 SHHU FOA® WA SHN FOAD] (v
SIGNETICS NTLST4 NiaHT4 F QA NT4LSH e NI3Y4 lFOIA®
SIEMENS T s
Ty 4L ST D ME 20 DisaD
HITACH HDTeST4 [0} (2N HDLSTE P D HOTLM/HOSS O QiPq
<
MITSUBIEH! MILSTE IP® ! MILSH P T M5327/MS374 P
1§
NeC 1453¢ cD LS c »PB214 OD|C N
TOSHIBA To30iA T
Etectrical Characteristics SNS4LS74/SN74L.574
absolule mazImum faLNEE aver sperslng 1res e Lemderslre cange
[ ~ Oearetrg bevms | SNULS ~FC w 115T Pin Assignments (Top View)
— 3 ¢ Sr———y tey. SNULS C w WT
[y ——— ~45T W T @ @
SNSALST4 SNTALSTA -t 10 0 CAD I3 X A
RN mAmimSmenEnN
Sty vorge, YEC R ) k3 3 aon A ] n v T T
— e = == | |
o re— § W S, O a s -t I'
S - % ,,.J ]
——— e o i
Pt o G <] i 1
. 1 Y ‘ I
e ——— Lowinvel data 0 0% »3 J
— e . e <! t -5 1
Oomaroy Vot womwromrs, Vo - s 0 » < (:I 40 ICK PR 10 10 CHO ©x 0 vee P
1.}
-lcc!.ri.cal characteristics over recommended operating Functional Table
free-air temperature range 4. H74 57 2
PARAMETER & TEST CONDITIONS 1| MIN TYP1 MAX [UNIT A » LS74. 'S74 (See Nate 2)
Vi Higndever mout voiage 2 v INPUTS ToUTPUTS
Vi Lowsevel wmoul vollage 0.8 v PRESET CLEAR CLOCK O Qa G
vy 1wt clamp vottage VecaMIN, )= ~igmA -5} Vv L C] X x ML
VOE=MIN, V=2V, H L X x [ “
v Highrtevel . . v
oM girlevel OULOUt voILIOE Vim0 V. lgu=Max 2 3 L L x x Hon
YeC=MIN,  Viy=2V, M L H n oL
v Low-sevet t vl . g4] v -
cL Owsevel Ou vt tage =0V, top = dmA 0.28 " " 1 L L H
D, 1. K, C.t H M L x |6, O
Inout current st
! “out Crea! Voo mMeX, V=TV 821 aa
t Preset cc -V 221
votiags . .
Cloct 9. Functianzl Block Diagram
0...K, I )
Hign-evel Cioar a9
o roul current Preset VeemMAX. V= 2TV 0 »A o~ —
Clack 20
0.J.%, -0.4 atas —
Low-eve! Clear * way. v . -0.8
" oout Gurrent Py Vee=MAY, V=04V —e] ™
Cloce ~0.4
Short-cwcant Serwes SALS -20 =100 Grecs
[ VOC=MAX ,
oS output current 9 |Senes 74LS cc -0 - 100 -4
Suely current
' vegmMe Note 1
cC (Average pev - fiop) cC X, Set Note 4 8| ma L
! clock_frequency I ) MMZ Ta, "SI4, WIE, LSI4, T4 OUAL DFLY FLUP WITN CLEAM MO PRCSCT
vee=dv. .
WLH | wom clear. praset o cioca ;‘-m' 13 By
(a3 sporcorste) 10 0 o O LIS, ns
PHL AL =2 b @
NOTES I 1 with an ouiputy open, IGC 13 MEIbwrdd with 1he G 3nd § OUtOULS Negh @ lrnt
At tne tms of saeswmement, Ine <lock st 13 grounded
2 H=mgh level (310807 5t814), L =iow evel {sicady ata), X =wraievant
1 =transion irom low 10 fegh kvt
Co=the ieve: of U belore the WN.CAIEd sput COWHONS wors esiabhaned.
= This CONhRrALION 13 AONSIADIE, (L 1a, 11 wek AOL JETRS1 when presel
300 Cladf WPuld rets v 10 thew wmactive (hgh) hese!
1For conchisons whcwn a3 MIN o MAX, w3s the value waaer

$AN typcal w3 are at VOC =SV, TA=ISC.

SHol mare than one OUIDVA SPOUId Be SO 164 81 3 Tme.

S P MIveoaaton delay bime. low ICtwgh-tevel Oitpul;
tP1), Mprooagaton oelay 1wrg, hegh-tO-Ow-tvel outpul [

The arnw ntcate (he 9008 of INC COCH PUISS usdd for refence:

[ i the rauny edge.
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54122,/7T4122 _Rettriggeerle Monostable Multivibrator with Clear

Schottky TTL . High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Package . Package . Package . Package X Package
i Device T Device Type Device Type Device Type
Device Type IoToTMIcH P IcTP m[cH c[Pmicr clp[micH PIm]cH
N SNMLS 122 s Wi SNSa122 -1, o SNSALI2Z 3N T fw
T.L SNILSI? ax SNMIZ 1 [N SNIL1Z? 33 [NLIT
Wiz, rew
FMRG’“LD g s wiz o | »D
MOTOROLA 1UCII2T o
. DMSeL 5122 T.
NS.C OMIeL 5122 1
PHILIPS N2 D
SIGNETICE SNinzz Fiiae
SIEMENS FLRIn '
FUJITSV - -
HITACHI 075132 o
<
MITSUBISHI v =
NEC 1 « I
I I ] 1
TOSHIBA t i : T
Electrical Characteristics SNSALSI12-SN74ALSI22 - Pin Assignment (Top View)
- o . Yo Ceu NC  Cmy K Ay 2
absciute mazimum ratings over operatng free-aw temoerature range
1 n 1 1" 1] L] ]
Suppiy verure, Vo L - n T | Snsics $BCw 1Ing T r
[T 1AV Werrutn wore {SniaLs 3 ¢ @ 127 M jom oM .
M Surage wrmsveonst compe $5C m 300 C — L 122 s 20 w0
recommended operating conditions ! H [
i 1
SNSaLsiz2 SN7aisizz _ 1 — i I HR
_ MIN__NOM_#AX | WIN__NOM MAX - VT :
Tosers veriise TEL .y s 12 on [ s £ ] | ! .
wns wor wwwe feweL 'O =) o0 1= [ [
[ Y . TS g — I —
T v ot movs oen i U
1 b ] ¢ ¢ ?
Ao oum 1y l (] peerges M " i
A 'S Az A e (%] ¢ [ =)
Tirmer tamy meaisece boat 3 10 3 0 1«
(niemat bomg casacruane. Lot A ] - izt R M carerna, consecrcr
Vioey Coaveionrs o1 Bewt Grot vormast | R Function Table
Wroswer v 4@ wmocsamwor 1, 3 in 1 ? i€
T, VSN2, LTT {See Nne 4
:lec!n.calt characteristics over recommended operating NPGTE SUTPGTES
ree-air temperature range CLEAR|AT AT BT 81T o 3
PARAMETER » TEST CONDITIONS ! MIN TYPI MAY lUNlT X x x
X S -
Vin Hgn-evel qoul vollage 2 v : " ox
" - ~
Vi Lowsevel «out voltage 0t A i R PP
vy Iroul Tamo volldoe VeC SMIN, 1) @~ 1ima 1.8 v . . - N "
VEC=MIN,  Ign = a00ea R b
VOH Hypdewel ouibul vollage See Note 1 2.1 1.9 v x L X M on N "
v u Dut voll Vecmmin. oy =ama [] .' N : B ‘:: :JI
e e vet volla: . - b
oL e o gt See Note 1 R 0.1% $] v :
f trout cwrent at v wax Ll L non - -
. - ", -
' matum noul voitage cc < Viemav 0.1 e " x . “~{n v
pry—— ~ x Lo~ 1t |nN v
LY urrens VCC =MAX, Vv al.lV 201 ~A " L I I ) n o
Low-evet soul L] P e n v
n. Lorent o VOCoMAX, vV, =04V 0af ma H R naln u
- L X - M n v
‘os Srortowcun outowt curent ¢ | VecaMAX, See Note | - 20 100] me
Sucoly curtent VoG mMAR, ; remmln v
‘cc (quescent o Irggerea) Sex Notes 2 and ) * ¢ b A
 Troma 19 outowt Q n n *Ground Cog; 13 measuwe VO 31 OVOL a1t B, w195 31 Q Cppp o
wLH 4 " aen 10 muaned v, b G, Vor ¢ D, o igs & §.
rom 8 1o outout O 2 i 2 1Dunsceni .CT 3 measseo (afier Cuarer;) weif 2.4V apofied 10 -
oL from £ 10 outout O vVee=sv. Cene ®0. 2 b . Gest aac & o 6 wouts groundcd, a8 Oulbuls cozn, Ceqy 20 07
N o 6 10 outow O TamI5C Rogy 2 517 7] 5 “F ., ano %00 Ry 18 coen.
1PHL_ jrom Ciear 10 output O 4 20 o 3 HEC o8 das a4 the nggered State wiin 2.4V 2 ted 10 AN Clea’
1pLy  Mrom Clesr 1o owiowt O Cy=1ssF. — _—'i" Y "~ 3 vt 4 wuits Qrounded. MU output 006, Cogy 0.02 4,
1 O{marhiom & o B o Ru= b e 43 Peay 25 <% Rung 18 coen.
id onlo Bio outow 200 314 s Rgn kevet (steady siate). Lmim kevel {sicacy siate). S eiraas
w0 emdu 810 outwr O Ceur  10000F, A «s bl sinln OM 10w 10 PagR level  , TBASHION FOMm AL 10 1w ievel,
A, 1000 ‘ TN wwr meghcieve! pulse. WS <o Dweleve! Jwse. X ®arglevant
Limer awul, chuong ransuawons),
B To uac the wterndl tuming resisior comet R, 10 vee,
€ An vslosl ming capacitor may De Comutivd Detwden C,, ang Rent
Core Pimmtive).
O Fiur sctwaie receatabia OuiSe weainS  UtinaCl S euiernal
nnle Bitween Ry Cypy 400 VEE woti Ry oM CHeiee
E. To 0d1am wravis puise widtia, ComeeC! ~IIEVIM vArUDIE resiSIance
tetween A,y or Rey; Coyy ane Voo .
1For conniions srown 23 MIN o MAX, use ihe vauo wnoer wratan

240 yyvcat vawes are 2t VEe=SV.T,a *25C

*Not more

lwQmwoin of putse 81 ouiput O

A one CUIoUl Sharied Bl 2 tmed
*1PLK TP ooagaon Gelly Twne, 0w 10-MgN-Cvet OuiDuL,

IPHLS HUOICIINTG Oridy 1M, leyhhein-hiw dve? tnslDul
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54164/74164

8-Parallel-Out Serial

Shift Register

eloctrical characteristics over recommended operating

Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
T Package Package Package Package Package
i Device Type Device T Device T Device T
\JPeviee T¥P° ieTeTmled 07V 7" [clp mcH e IciPmicH e TP MIcH e TP IMicH
t SNS4LS 164 i@ WO SNS4164 I Wil SNSAL 164 JGIND|TT
T.l. SNILS 164 SDIND SNI4t6L T0O|ND) SNIL I TRNTITR
honsita s Aesid | o] FD{ FMS4164/F M33164|OD)|
FAIRCHILD RrIE /a8 WD {#D | | 10| FCTIat6a/F GI3163 [OT|PT
MOTOROLA | SNTILS 16 PO MCTLI6 P!
DMIALS164 T . DMSIL 164 1 DJND
NS.C OMMLS 6 © DMiaied N OMIAL 164 1 DD
1
|
PHILIPS NTILSI6 ] NIaT6e | D
SS4164 FOIAC] W)
SIGNETICS NIELS 164 ag NT4 164 FO|AT
R 1 :
SIEMENS T FLiaa D
FUJTSU t TLSIe T hd 3
) y
HITACH! H wonisi | P I P
i 1 H !
MITSUBISH! H . ] (VTR I P® M83364 PT
1 ! ] iy
NEC T T T zunics G LPEIEA 0T [
| t 1 '
TOSHIBA | I TD3503& PG
[ ! I 1 ' I ]
AMD I amlL Siéd § { ] ] il N
Electrical Characteristics SNS4L.S164/SN74LS164 Function Table
absolute maximum ratings over operating free-air temperature range "164,°LS 164,164 (see Note 2)
Suoly voltage, Voo [ Operaimg tree-aw | SNSI° | —55°C 1o 125°C INPUTS | OUTPUTS i
ot vollage [ semnecanre range [ SNTS ot 10 0C Cieasiciock] » @ T aa_ae _-ar |
B + Stsage iemdane range ; —&C 10 150C L x X x ] s L L I
recommended operating conditions L 8 X X 10ap Dgo Owg l
|_snsaLsies SN74LS 164 - " ' HoH I " Dan Oga
[MiN~ NOM MAX [MIN _NOM WaxX | " T Lox I L Oua Oga
Swoly vottssg, VGG L os 5 ssjets s s3] v ", i XL L % 9
Highevel output current, Igy T —400 —400| uA i . ]
Low-level outout carvent, 150 4 NED Functional Block Diagram
Clack freeuency, feioek 0 231 0 251 mng
Wioih 0i CxCKk O Ciedr moul sse, i, 20 2 i as
Data 3010 tmme. togugp [ 15 ns
Qas hold L mei thotg S $ ns
Oowatng fres-ev temperatre, T, =55 125 0 LA

free-air temperature range
PARAMETER TEST CONOITIONS 1 MIN  TYP § MAX' UNIT e et e e wie lliared
Vin Higr ‘svel mout voltage 2 i v -
r T vonaoe WL THASIH,LIH 0T PARALLEL-OUT ST REGISTER
vy trout clamp vollage, VEO=MIN, | = ~1gma -1.5: ¥V
v “ VCC=MIN, Vyum2v, v typweal clear, shift, and clear sequences .
Hevel oULVT vouy, 2.7 p
on  Hen e VIL SOV, lop= —400uA * N !
A/ Low-evel output votta Veg=MIN, - Viy= 2V, v . n )
oL ot voltage Vi =0.0V. 1oy ~mA 0.3 0.8 o ' J — 1
IOVl Current masmum s H
"w VOC™MAY, Vym=iy 0.1] ma . f :
nOu woltage H
I Hightevel Gl Gurrem VEC=MAX, Vi=2.v 201 ua o mm
I Lowdevel mout current VEC=MAX, V)=0,4v 0.4] ma w3 — LI
SHSLS | — 2¢ 100 1
* |V MAX [ RAdiL » _ l_-l 1
ios Shori-crost outout cwrrent cc™ anms e o] ™ ~ 1 :
" VGG =MAX, R N « | W | .
ice Suooly current See Note 1 '3 - ™ ;
Teas | Manmum clch Wequency ooty Temisor | 35 % iz i | B TN i I S,
\ opAgalion gelay Lime, 040w Tam2sT as o 3
. J |
PH. evel O outouts from clear mout a‘. zl-u' Co =isoF o * — .
o, PTOOMRTEn Gatey tnnd, low 10 g L P el J L v
- -
PLH evet 0 cutputs trom clock wout L 1w ELE L [ H
Fnololla- delay Lume high-104ow -— :
teML e @ Ciputs trom clock wout Cy =150F JL 2 uf = .l I
¢
Pin Assignment (Top View) T e e atm
X 7 aneyoce
" " - . .
H . NOTES 1 1. Icc is measwred with outputs open, serial Mouts grounced, and 8 momentary
C RAE ~3aE =2 ryvPry ground, then 4.5V, apobed to clear,
A b l 2. :-Mﬁ level ((m-w stale), L= Lowlevel (sieady stase)
any input, )
" %% 8 8 & 1 =ransnon trom jow 10 hgh lovel,
H g Oso. 020, OHO™ e lavet of 05 Og, o Qy_ resmectvaly, defore the
. b omln F8ACY3(210 1NOUL CONHIONS were osiablushed.
An, OGn ™1he levet of Oa o Og [ .
) O = ore the mosiveceat | tranuton of -
Positive logic: soe function table -; ;"‘_.‘m"’ So, o the clock; mccates a one-bit sheft,
1For conditions shown st MINor MAX, use the aconate veks under for the Gevice type,

BAN typecal vales are 8t Voo SV, Ta=25T.
Not more than two SUIAns Should B Shorwed 8t a hime,
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54166 /74166 8-Bit Shift Register (Parallel-in, Parallei-Out)

Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Powet TTL
Package . Package . Package . Package . Package
Device T Device Type Device Type Device Type Device Type
P g Amer P¢ [cTP mcH d_AMIcF, c[P[McH clPIm[cH
1 o) SNS4IE @ Wiy
T.L SNHLS 16 1 DN SNAIEE 3TN 1
| resarss rena L)
FAIRCHILD FOCE/ FOane Q| D
MGTOROLA t
DMSAes T Wiy,
NSC. Dwaleics JOIND| I
PHILIPS NI4168 D
S54166 oy :l0] wiy
SIGNET]CS B NItIGE g0l1= 107
1
SIEMENS , YT %
FUJITSU
HITACHI HOTiIG @) ~
MITSUBISHI - YT =
NEC
f | !
TOSHIBA
! | |
Electrical Characteristics SNS4LS 'SN74LS 166 Pin Assignment (Top View)
abselute maximum ratings over operating ftree-air temperature range (D
 Swpty vorage. Voo v Operaten, Meewaw ] SH34LS) =S5C 10 125°C
T inout voltage w tempereive rangs [ SNTaLS 0°C 10 0C FaARALLEL PARALLEL ™PUTS
Slorage izmderaiwre range —6§5C te 150°C SHETINPUT QUTPY e A
VYCC 04D ™ Ou G £ £ CLEAR
recommended oceraling conditions
SNS54166 | SN74166 ]
uNIT
MIN  NOM MAX | MIN NOM MAX | T
Sunzty vonpge, Vg o8 5 stiass . st v 4 e Y,
high-teved Buiut Carrent, 155 420 -4 | wA Lo20
Low-lever cutowt Cwrent, 10( . 81 mA SERIsL,
Cloch  trequency, feionn [] 28 Q 25| MKz eyt
Wi 0F Cloch O Clear puise, i, 20 20 ns
Moce-conirel S0 Lime. tseg X k) ns
Oala 3430 1™, leg-. o 20 20 ns
00 1ime &1 any MOut, nsie 0 [ ng
Queraing free-s» temoeratwrs, T, (x2 Noio 1) =55 125 o 0f °C
electrical characteristics over recommended operating Mo A 6 C [ .S:gcl:'x CLOCK GHEe
- -y
free-sir temperature range PARALLEL WPUTS
PARAMETER TEST CONOITIONS 1 MIN TYP 3 MAX JuNIT Ppositiva togic:
Vin Hogheve. mout volage 2 : v
Vi Low-avet mout voutage 0.8, V
vy thout camo vallage VCC=MIN, 1) = «1imi —=1.3 |' v Function Table
v Pgreevel Oullut wWtaoe VECTMIN Vi m2v. 2% 3¢ I v
oH e Vig 0.8V, 1gue =135 4A . ‘166 (see Note 3)
R VCC=MIN,  Viy=2v, !
VoL  Lowdevel oudul voltage ViU =08V, gy % tma 0.2% 0si Vv INPUTS INTERNAL oureaT
Tout Gurent o1 SHIFT/} CLOCK PARALLEL | OUTPUTS '
W CLEAR CLOCK | SERtAL
ty masueurn wout voitage VCC=MAX, viaiv 0.t]| ma LE LOAD | INmIBIT E A |9 Og L2
I Maghneve! 1001 Current VCC=MAK, V=75V 201 »A L X x x x x 8 8 L
. Low-evel wmout current Voo =MAX, Vy=C v 04l ma H x L S x x Gao Ogo] Owo
108 SPorttvant ouiw Current ¢ | Voo mMAX 15ustLS | - 20 L. " L L 1 x LIRS s v »
[sxias [ ~20 100 A H [N H x H  Oan| Oga
IGC Swory curemt VGG = MAK. T Sh6aLs 7wl " H L 1 ' L x L Oan| Oca
See Note 2 Femars 2 3 H x Mo H x x Qa0 Cpol Owo
tmax MRaximum CIOCh freguency (3 3% MHZ
L 10N Coly Lime, Migh-10-
— C0aga! Y time, high-1o- " 0] s
low-level ouidul Irem Clear
Propagation ey time, hogn-to- | Vec =SV, T e28C,
'PHL o sevet outpul om cioch CL=1%F, A =n2 ' 2 iod M
Prooagetion Geldy (rne._ low-to- . NOTES 1. An SNS4LES i the Npackage optrating At free-sv temperiiures above 127°C
PLH nagh-devel ouizu: Hom ciock L] k] 3] 0 TEQUWes 4 Neat-3nk thal provide3 3 thermal resstanca romcase 1o Lee-aw,
Racs, of ot more than 43C/W
2. With aft cutpuls open, 4.5V apoied 10 the 3orwi wout, Rt Ofher mOuTs exOsOt
he clock ¢ L lces after 8 Y ground, then 4.5V,
13 4pOheY 10 clock, .
3. H mnhgn lvel {steady state). L =low lovel {3teady state)
X muretevant (any mout, wchaing transimons)
1 =transiion from low (0 twgh level
A..h =ihe level of steady-state woul a1 QUL A tiwu H, resDectively:
020, QB0 =Hg =1he tevel of 04, 0p, o Oy, resoecively, before the
MOCALOC  S12a0y-Siate wOul COKhlLIONS were e31adhshed,
Oan, OGa =1he tevel of Op or 0Og, respecinely, belors the mostvecent
1 transiuon of 1ne clock.
TFor conaiions snown a3 MINor MAX, u3e (he afrooraie sats under 5

Ta3 typcat vawes are at vee=sv. Ta=zsc.
*Not more 1nan one outbul Should e Shorted at 3 Inme

CONTWULD O wrey mary
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Functional Block Diagram

|

cLEAn
senus syt &
T e | £
serzL0a0 — D=

‘Ql [

PRI AR AR AR

w
"

m

Cuocx

L) i

‘

CLOCK N8It

*166 8-BIT SHIFT REGISTER
typical clear, shift, load. inhibit, and shift sequences
ecoc _LUULN UYL LN UY
cLock menant 1! R | L
t

CLEAA l [I

. H

SERlL weuT 1 ll 1
K

.
T
SHET/L0AD ' L | .
n '
(o Irn] .
8 L L
c [w-] v
3 . PR
PamaLLEL § O " Ll [
. * . Al
INPUTE ﬁ € . ° ] H'l [
3 . . - N
4 .. .
c w] L
" R .
~ N . . [ N
outeut 0, 7T ¢ # nmlt Sl Iwllt)nw ]

p—— SEAML SHFT e L ommiT{ b SEAUL SHT

CLEAR “.0A0
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54193,/74193 Synchronous 4-Bit Binary Up/Down Counter (Dual clock with clear)
Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Package . Package . Package Package . Package
Device T Device Type Device Type Device Type Device Type
yPereTpmicr] clp[mlcr clp[mlcr Peiciplmler cle]mics
1 SNSILSIN S| WD SNSais3 1) W] SNsat 133 1
T.L SNILSIN 1 DN SNTa13) 1 OIND) SKIL IR JOIND |
et L i L) 10| FHsUYF Ma3es (O ]
FAIRCHLD monn mam (60| 0| |10 FerasiF Cass |oDP Ol : 1
MOTOROLA SNULSIN a0 MC74193 PO '
ML S 193 (o] DMSIL 19 3 DN =
NsC DML S 193 DM} N O oL 193 JUNDE <>
B T
PHUIPS NULS 1) [ N9y [ 1
554193 FOBM __ [wl H
SIGNETICS o e e -
|
SIEMENS FLazst [G)
FUJTSY LS9 MO '
HTACH HO LS 9] | HO2542 @PO :
MITSUBISH MILS 193 P O 153393 PO :
NEC LSIN) SO »PB2191 0
L.
TOSHBA 1 Tonm 25
AMD | 2mga, $193 | R
T AmNLSI9) | | 1!
Electrical Characteristics SN541.5193/SN74L.S193 Pin Assignment (Top View)
absolute maximum ratings over operating free-sir temperature range ingiid WS e
“ - Tﬁ’m‘m 10 “2" ‘3“
Swooty vofige. Voo v Oderatng free-aw [ smsa(s] - 55°C 10 128°C _I—H" . " .
nput vortage S sv 1emocraiwe range lso-ms oC 1o MWC Ll [
S10rage temoeralure (2n0¢ ~65°C o 150C L —[ T l I
4 Ola somOw Camy 1Dn
recommencediuperating - conditions
® — L] |
SNS4Lsi93 SNT4Ls 193 | o ¢ @ cont }
MEC NOM MAX | M NOM MAX I 9. 9, O w L.
Suopty volsge VeC 5 5 8sjeis s s3] v RN
Haghrdevel cuiput asrent, lon - 400 =400 | »A IR IE R 3 [} ? 1
Low-evel oulput asrent, I 4 e| ma (uts 9 o, @ @M 0 V- OC
’ o
Cont treguency. {onm 0 5 [ 28 ; MH2 et @amds 7 anmis
Whatn of any srout Dut se, Uy 20 m as
Data se1up Mo, leatun 20 MR 3
Dawa ngig ime, tharg ) | o s
Operating Wee-ser temDeratwre, 7o -5% us] [] 0| C
. electrical characteristics over recommended operating
) free-air .temperature range
PARAMETER * TEST CONDITIONST | MIN TYP 1 MAX | UNIT
Vi High-tevel 1nput vollage 2 v
Vi Low-evel 1noul voitage oe8f v
Vi "o damo valtage VEo=UIN, 4= ~HimA -5 v
v Hugrrievel ouiDul vorta YOCTMIN Vi =2V. T 3 v
oK fugmie 9 Vi =08V, tgum—40oua | 2 :
VCC®MN, Vi =2v
v el
oL Lowd Dt voltage Vi = 0BV, 1o = sms 03 03] V
WOul current &1 Mmaxmun v wMAK. Vym ) A
4 out vortage cC L V= gl m
(™) Higirievel 1rput CusTen Voo mMAX, V=2 4V D] uA
e Lowsevel npul current VCC =MAX, Vi=0.4V 0.4] md
sHsats | ~20 160
Short- - v MAX mA
ios OICsT SUIDUt Current cc™ Smrats | — 70 100
VCE TMAK, SNsacs ) b
S
‘cc  Swoly awrent i See Mote 1 surats W w] ™
Img s Mammue dock frequency i e 32 sl
PLH | trom Count-up 10 outout H " 26
vee =SV
PH Carey l ccesv. 1] 2] ™
PLH trom Count-down 10 outowt [ 24
TaA=25C. na
1P Bortow 3] 24
PLH wom Ertner Count o 21 36
tpuy_ | outect O Cr =150, o al ™
LZX.] Wom L oad o ovtow1 O A e i 40 ny
Py H 2 a0
Py | trom Clear 1o outpnt © 1 k3] 35| ™
NOTES" 1. ICC 'S moanred wih 20 OulDUIS COER, Cledr 3nd K380 1NOULS QPOUNGEC, and all other
“ours at 4.8V, .
A Clear’ overndes load. 0ata, 3nd COWM wouts.
B, When counling L, CoUNt-Gawn 1rOUL ISt De Tgh: when COUBNG 0O0wn, CouM-wW Mpul
™3t be hgh.

1For conotions snown 83 MIN o MAX, use Ihe aDOrOONAIE vatue SDOCHTied UNDSY reCOMMENCEd cotratng w-ouunl tor ine apowcable ek,
3AN typcal values we a1 VoGSV, Ta=25C.

*Not more Lhan one output shoutd be shoried al.a pme,

R IpLH SCpagation Colay Wme, low-10-

teghievel output

1PHL Sprapagation dolay hme, frghrio-low-tevel outowt

CONTIMUD O MEXT PACT
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Octal D-Type Transparent Latches and Edge-Triggered Flip-Flops.

54374/ 74374
Schottky TTL

High-Speed TTL

Low-Power Schottky TTL

Standard TTL

Low-Power TTL

Device Type

Package
c|PiMICF He

Device Type

| Package

Package

Device Type cTeimlc

Device Type

Package
ClPiMicF

Package

Oevice Type

ciPim

CF|

SN34SIN

TP 1M ICF]

SNHLSIN )

SNI4SIN

3 EN?

SNIMLSIN 4t

TL

FAIRCHILD

WOTOROLA

b=t 4—{ |-

NS.C

PHILIPS

SIGNETICS

SIEMENS

FUATSU

HITACH

lsuingiann
MITSUBISH!

NC

I

TOSHIBA

1

Electrical Characteristics SNSALLS374/SN74L.5374

P

absolute maximum ratings over operating free-sir temperature range

Suooy vonage. VCC

IV | Ooerating teean | SNSaLS

-35T

to 125C

IV 1 iemoeraiue fange [snacs

aT

to 0T

hout vOItage

: Siorage temperatwre range 1

65T 10 150T

recommend operating condilions

)

E—
SNS4LS374 ; SN74LS374 UNT
MIN NOM MAX ! MIN NOM MAX ]
Supdry vohtage. Ve £, S £3las S 8.25) v
hgh-evel OulDul vORAge. VoM -4% - ~400 | wi
Hugh-eve! Oulput Cureeat. 101 [ 6] ma
WaIn of ZI0Ck IUTIAG Dutse, 1y gl 13 1 ns
. [Com ] 15 15
Bat hod 12, Inaee (& 0 |
Seus tome. ‘soip 201 0 | rr |
Operatng Feear temperature, T -85 1250 ) ) T
electrical characteristics over recommended operating free-atr

temperature range (unless otherwise noted)

Pin Assignment

(Top

View)

SNSALSIN4 Ui SN741.5374 (3, N)
SNS4SI74 ) SN24SI74 ts N
‘LST74,°S374

FUNCTION TABLE

PARAMCTER i TEST CONOITIONST |MIN TYP$ MAX | UmIT
Viy  Hgh-ievel woul volisge | D2 v ouTrUT cLocK -] ouTrut
Vi Low-itvel noul voltage 1 0.3 v CONTROL
Vix___ Irout camo vehage INGC TMIN, fom ~igmA -8 v L : : :
= a H t
IVEC®MIN, vV -2V, A .
v, Hgn-tevel ouitat vOUA H U ) v
o e - Py s vy man iy muax ¢ L L x Go
veg =N, [ Ll X X z
VoL  Low-mvel oulout voadage Via®2V, 19 # UM | 0.35 05!l v
Vi WV man
Qft-sute ouput crrent, VEC mMAX, V=2V,
lozn -2V ) 44
hghrievel vOitage 8p0Ned vo = i.
. Oft-siate oulput current, VCC wMAX, Vi a2V, R
ML e rgret vonage aooked Vg Ta.4v kil
v inout current at VeC mMAR, V=TV = 0t ma
nanmum noul volage | 3
[ Hugh-levet voul Current VCC =MAX V=20V H X
Iy Low-level =oul current Vee =UAX, ViELIT t ~0.4| ma
) Snoricrear? outbul currem § ¢ VCC WMAX 1 -3 -130f ma
VCC MMAX, ]
leg  Swooly uwrent Ouwtbul eonteot at LSV 'LS:I?‘i 2 Qi ma
switching characteristics, Voo =5V, TAo=25C
FROM TO
PARAMET! TEST CONDITION MIN TYP M
RAMETER (' 1) | (ouTPUT) £ AX | UNIT
tmas T 1Y s0 (]
ta ] Dars Any O
L S =4%0F. R =672, —
M Cioce or ()
Any O See Notes 2 ana 3 e ———— s R
Puy enapw i e 1) k]
L (] Outout 1) ks
2L Control Anr © - 2 ny ™
tp O . R “%0, 12 20 .
HZ oot Ay © C =%F, - "
1y 2 Control See Note ) 1 25

TFor congvons srown as MIN o MAK, vse 1N SDOFOOTMWE vehu SORCIiwd LNdEr FECOMMended

SOAINg COnleom,

340 typeat vahes wre a1 Vo =Sy, To = 28T

$Not more Man ome ULt snould de NOFI6C AL B time 8r0 GUrAtON OF e hort CaCud Should

101 esosed ora. Becond.

3. See ad cvaats and wevekrma on page -1,

fmas S Mazmom Coch Wequency
TPLMH B rcosgaon Celsy Lime, ow-to-mphrievel ouiput

IPHL ™ P/COaaLon deloy teme, hagh-to-low-tevel oulpul
PZHToUloul enable 1vme 10 heon level

tPZL Soutput eradie Ivme 10 w level

1PHZ Woulout disatle trme from hon level

1P 2 =output disadie time from Krw level

NOTES, 2. Maawmum ¢loch Hequency 1S 1ested with aft outpuls 104300,






