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Abstract

This thesis describes a design and construction of control system for signal transmission
system via optical fiber. The system can be used to send the control signal from one station to
remote station and receive the response signal from remote station in 2 half duplex
intercommunication. The controlling signal consists of the command and data signal , which is
generated and transmitted to control various factors such as : pressure , temperature , position
( both rotary and linear ) and etc.. To match the system output with DC voltage of sensors, the
control signal transmission system is controlled by computer. Experimental results illustrate the
feasibility of applying the proposed automatic control system for home automation and factory

control system.
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% 016 BOB7
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msfasedemamanedaeynsy Rs232¢  Tavldmonisdadesznienenituaeii

4 J o A ' 3 v Qo
voda (2esfiadiedu ) Tftoseumeoriniu Ao modedeya (Tx) meiudoya (Rx) uaz

& > \ o i o o
muninﬁ (GND ) mmummm&u'nzm)mmmﬂmﬁLﬂﬁuuszﬂmﬁmu AT DUAAINIT

a P s :l
aanovesnesanithuuyaind (D-Type) 18 2 uuufie DBY uas DB25 TAuanalugili 4.3

8 of IC1

7 of ICL

o>

8 of :cxln>

7 of 11 [FX )——

] J“Jijqiiﬁiiﬂﬁia

i

xéibiéléébléib 6L6L6L6l6i6]

CONNECTOR DB25

il
dlolelel

CONNECTOR DB9

d AT
1101 4.3 ugasmsnedafo D Type DB UazDB25

319N 4.1

b
eI dYIMYDe RS232 Maii DB9 uag DB2S

%ﬂﬁ’ﬂgiu'lm RUBAVV UL DB 9 Hinuauviuy DB25
D Transmitted Data 3 2
RD Received Data 2 3
RTS  Request to Send i 4
CTS  Clear to Send 8 5
DSR  Data Set Ready 6 6
SG Signal Ground 5 7
CD Carrier Detect 1 8
DTR  Data Terminal Ready -+ 20
RI Ring Indicator 9 22
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4.2.2 manmsifasuszaunsany
¥ ]
tumaiidledes Max232 ( IC, ) whiidlutinles1funesaeynsy Rs-232C
wagldoussiumssdudeyaninszdy 5 Taad Tuiduseduusedu 12 Taadlwinasgiums
deadoyauuy RS-232C uaz lunenduiuiimihiuldoussAuusduamunasgi RS-232C
9 o @ o dd’d ~ o a ' ¢ A °
Widluseduusedu 5 Taaa TaomelulediiiaeesnussAunaz2993aU1031ABINDADYN
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wihiil Fedesdedufiulszydda13nmeuen dslugili 4.4

22uF vce
__** Ic1 ?
a1 1 16 o
o [ Yr=u
20 =18 Sy
c2-
_J}_W + V=-out : :? Bl T2in
T~ 1.
2 57 10 25 of IC3
L R2E8 9 . 20 of 1c3
$ l 22uF  MAX232
% 72 Tx of Computer ( DB )
R2 Rx of Computer ( DBS )

711l 4.4 napsresnsi/asss A Ay

4.2.3 MAadYYINIRM

Lﬂu'Nvsﬁ%’nﬁtytg‘lmuﬁmtﬁmﬂuﬁaﬁmuﬁﬁnhmmﬁﬁuﬂiwé”mmeﬂ ( Baud Rate )
isulesiwed CDPe402 ( IC, ) Hekesmsnanha 16 qnaRuvesFygIuWIRNm
( cLock2 )lav1§ledes 74HCT4060 (IC,) Sudmsanuinnasaaean 2.4576 MHz
Fannuanldiiy 16 whwesdasweavesmsdedeynoynsy ( CLOCK ) Falumsait 42
Fumsuaasdvesdyaia CLOCK #N 9 wasnn andidensasuealidesiui
ApuTIRBIdun Suhsaseafivisesnnaziimang q AlFauies o o 4 mAwiufe m

= 1 a A . o) L ~a T a -~ W :
9600 4800 2400 A 1200 DarvIUIM Farnlnanldiune 9600 UadeIun aariunaldanu

Adoaaaanaiad aaluzui 4.5
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Baud Rate gy CLOCK dmsanud | CLOCK2 of IC3

(pae 24576 MHz

(anunaueetin) Ox (u sec)
1200 833.3 128 52.083
2400 416.6 64 26.041
4800 208.3 32 13.02
9600 104.1 16 6.5104

g OO oA W 5
=
S

2.457TMHz

31U 4.5 wemaasesnsadedananning

42.4 mamsmlasveya SIPO uaz PISO

#9140 cpP6402 ( IC,) si‘luqﬂnm"’la‘i‘s@ﬁﬂﬂummmu«%uaﬁﬁﬁmﬁwﬁlumﬁu-dq
‘ﬁ'aagmmnaz%ﬂﬂﬁﬂ ( Universal Asynchronous Receiver/Transmitter ) ﬂ?aﬁunﬁuﬁ"u 9 M
«UART » st idiansdoudeyauuueynsyldudeyauuuvinu (SIPo) uazms
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Data from Port ABC

DO
12 L Rer1 T8R! |y o
RBR2 TBR2 5
RBR3 TBR3
t RBR4 TBR4
RBRS TBRS -
RBR6 TBR6 =
RBR7 TBR7 =
RBR8 TBRS
4
551 TRE st 7 i 1N4148
13 PI
100IM232, 131 o £PE [ou—9 53
g 88 % L.
B— Ok oy < 20uF 7]
19
@ DR RRD
1 Y
w 18 Ic12
MR -17—‘[
RRC
9 of MAX232
IC14
1K0

RRI
TRC
R1
>/ /== .
mmt: o,
2200uF
19 of IC4

Ui 4.6 umanassmslaadoya PISO waz SIPO

4.2.5 MAuanYYeya (Latch Data)

Tumshauesmaiim i deynegluaazde (Laich) deldlunsdadeyade ¥
¥edues 74L875 (IC, — IC,, IC, = ICy; , %’agaﬁﬁnﬁmmz?}ﬁnuu AMUAIAY ) DI
aooynsuiu unzldledmed 74504 suddeeynsiu ( IC,; - IC,;) Tumsniaenm
wanmsThauveswsiiad densunsnisududganondiu tow ililed 74Ls7s @
usn fe IC, ogluanizfedeyn wazndannmiaminsuih Iidyanendiu HIGH eglu
amazlumsdadeya i lodsaiianes 741875 fis IC, agluamizdn yinlidoyalitsngd
pninnveslodaiaounszdga i Low damdsmsiauluin Aedygnauily
HIGH ( 813 ) Al IC, agluannzlunisdedoya m‘lﬁmanaﬂsmgmﬂmvgmlm'lwmn
#oe (DO-D3) miele® IC, mag“luam'azm‘mu'mom ( ﬁiyqpmvﬂu HIGH ag ) uag
ndmnmisnaashWdggnandy Low  dhlddeyaluannsine (IC, ) unztilo
deamsdadoyminlni fie 14 ( IC, ) ofluan1iz HIGH W I, agluannzfuwig
dayanauily LOW Sohuinld Ic, eglumnmzlunsdedeya lddeyarsngdiom
vgmm'lmrmu (D4-D7) a1 IC, Seegluanzmemicana  (Foygnouily HIGH o)
azdlenirsnmasuudafezeganie Low lddeyaluaniieie uasdoou si14 fign
dufludeanu Low (desw IC,uaz IC,, dhidyam WRITE ) i IC,, 185udeya
Hanlaiin iodedeynly1#led 8255 hamse sauaslugalii 4.7
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o 2 16 2 8 16 1c11
¢ R T el K oS | R po__ 2 18
D1 3 QT 3 Fs—E T3] Al B1
— = ghr——® & T
02 &l s g%’m—a ) os %_"m—a g =5 ﬁ 5
]
A5 BS
PRSI PO {1 | PO { ] e R
22 - 2 2 5 =
42 4 ome
741875 74LST5 @ D0-D7 of 1c6
Down Bit
-
13 of IC5
1
Icis Ic1e
o {>'L »
16 0f IC5 Upper Bit
[ IC10
B1-B4 of IC4 = 2 D1 a1 o 2l o1 1
S ai‘T__-}s—M 2 §;
D2 8 - %-'TU—E 6 = [+73
D3 7 %1'_‘8 % %%
e &
2o 23c12
—3%ca 2
741875 74575

i 47 usmareesvosmanaaddeyn

4.2.6 MANIVaURZIBATIN

Tunmilldlodes 74HCT14514 ( IC, ) Smifimavhan fle makhsiauazaeasia
Taodgyanai ldwnn in 5 uaziin 6 ﬂmﬁmqmﬂmquﬁ'ﬁemuﬁinzng’a Fuiloneasia
1846 A0 S12 (114 . I Ae dluidndagna ), S13 (11 13,1C15); S14 (¥116,1C18)
waz S15 (%115, 1C14) . %31 S13 uaz S14 smthilsenstuvesnauaaddoya ,
msthivlesdoyavesled 7418245 ( IC,, ) waz S15mmmssdoyavesled CDP6402
wazsh READ voslod 8255 Avlugilii 4.8

ICS
2 11

D1 S0 NC
vee D2 S1 NC
14 of IC4 D3 82 NC
13 of IC4 D4 s3 NC

1 sS4 NC
vee ST 85 NC
19 of IC3 INH S6 NC

s7 NC
S8 NC
s9 NC
NC
NC

812

813 IC15
814 Ic18
815 iIcC14

711 4.8 uamsnesvesmadudauazaeas i

14514
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I v Y d
4.2.7 mamsas-Sudeyanmuguegdnsaimeen
» ]

Tumniiléed s255 ( IC, ) lunmsmuquginselisumesing q fegaiouen wu alnd
=1 L3 o g & ~
30d qunsallnlmiedinsandudu adedmiuqueunsallriuodideciimnoeyldney-

g Q“ o A 1
197 ( Optocoupter ) iHudafulnszuanss ( DC ) uasnssuaady (AC) lumayouae
o A LY & A 4:‘ o é’ o o Y a v
Sy etlestunszuaiadufamsmileniwulnssmedmasaea  shilvifadedaon
E 4
me i lumatinuuedlediil lddesimuaTnuamshnuneu  TaomsdemnouInse-
¥ o Q" o\ & A -~
10l ( Control Word ) Tuswednniuguezifiudrdauina 8 fin fe 1 lud Fwsozinesil
f W ° 9 ¢ o a A [
amunsuas laumaiy lumstmualiwedana 3 (A, B, ©) Wuduwn nieeninn
v E
Fumaslumaeit 43 saslunseaTnuemshouvetleddilldnamsdioulilsuunsy
4 ]
Tumsmugummhaiuesszyuiam uaziasesmaiouadugli 49
A15197 4.3

uamsgiuumatmuavesaouInalud

Control Word A1vestinusaziin
DO PortC (Lower) 1=Input
0 = Output
D1 Port B I = Input
0 = Output
D2 Mode Selection 1 =Mode 0
0 =Mode 1
D3 Port C (Upper)  1=Input
0 = Output
D4 Port A 1 =Input
0 = Output
D5 ag D6 Mode Selection 00 =Mode 0
01 = Mode 1
1* = Mode 2
D7 Mode Set Flag 1= Active
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8

[
Q
o0

10

OUTPUT PC7
PC8
PCS
PC4
PC3
PC2
PC1
PCO
25
PB7
OUTPUT PBS
PB5 (=3}
PB4 RESET
PB3 Al
PB2 AO
PB1 WR
PBO RD
il 371 paz o7
PAB D8
PAS D5
B—1 PA4 D4
PA3 D3
E—7 PA2 D2
PA1 D1
PAO Do
et | DATA from IC11 (B1-B8 )
8255
1C3 (26-33 ) <— Send Data [ -]

4 ' W C4
117 4.9 nrasesvBIMAR-3U Minuguglnsainieuen

4.2.8 1995 MASutazasve wdulsimaa
¥ ¥
- lumseenmunsesiy deatulumsiendasenuma < degluglvesdaygn
v
+&u 5 Taant ( TTL ) S Isesamnsaian 1 ualumstneesiiIdhmsesnuuiies

afeluglil 410 e 411 Whuaseslumadssuludnlohussupunwaradn

2

6 & 14 3
e e 3
10
1/2 ' NES22 11 274
T2 R3
COMPARATOR
1ED DRIVER ‘5
MFOE76 %
N
10,11 of IC1 5
1 B 4
> ’
2 A
|13
1 5V
Vref q)—-—W—A

9K1 =
K 5V
R2

711 4.10 uermnvesmadsveaduloiues
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21031/ 4.10 TansednImMINTZUA 1, Y93 LED AD
Vee = Vi +Va,
5=22+I,R,
I, =102 mA
uagv v, ﬁm 2 Y949 NE522
_R(v)
o R+R
3K(5)

~ 3K +9K1
= 1239 Taant

1 7, f&ietloudyaamnnh ¥, Foyapadlfezdlu 1 ( dyg TTL ) wozdh
Houdnanaiounim v, dygnaitideziiu o

CF
oV
5
by 4
| ] S.ru.
AAA-S L1 9
1/2 NES22 1
180K
RF <7
LED DRIVER
10
14 \
- \ >
MFOD71 n:ssasf
1
+ —<d
3 RRI of IC3
-9V O

511 4.1 uaassesmasuveuduloiues

nngit 4.1 Humsmuuudiarives NESS39 I@onaumsi (4.1) [9]
A 9 5@51015%818 open loop Y89 NE5539 = 55dB =562 [10]

C, - detector capacitance ;3 pF

C,, - capacitance feedback ; 5 pF

C, - amplifier input capacitance ; 5 pF
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A
S = 3 RAC, + C, + 4C,) 41
562 |
" 2Az)(160K)[3pF + 5pF + (5pF x 562))]
= 198.378 KHz
g TS uudiaivosfeinlssana 200 Kz
W18ATIMIVe ( Gain, A) ¥0a LE411 [ 101 Wninauntsii (4.2)
A=1+ % 42
154K
A=1+ 6K
= 10.65
= 20.52dB

4 4 4 \ .
uazidiodln Gain vee LE4Il [11]  Sansonssauesanudinnndy 500 KHz ld
TuseRBYaN B UANLAYeINIALID IR (NES539)

wazde 1 V. 191 2 494 NES22

R(Vee)

" R+R,
_23K2x5
T 12K1+23K2

= 3286 T

Veer

' ~ & o v @ P o
w1 v, lddefloudygremnnd 7, doanaitldesdiu 1 (dygne TL) uazd

Houdagnantosnih ¥, dygnuiiifeaiiuo

“Tuga DC2M-TN (dluninds ) tay DC2MRN (iflumady ) veuTin DAINICHI-
4 3 T W 3 A = o :
NIPPON  #l8lunsnaasadoudedumadug &s menSouifisulunistivvesiesh

- 4 ;
sonuuuias Tugalumsdedygau Fwnaswazidoaves Tuga Tuaeh 44
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AN 4.4

uerawazidenveelugn

Item Rating / Specifications

Type DC2M
Modulation Direct Intensity Modulation
Bite Rate 2 Mb/s
Light Source LED A =0.85nm
Detector PIN-PD
Interface Standard TTL
ATC Yes
Optical output power 2 -20dBm
Receiving sensitivity < -30dBm
Span loss Max. 10 dB
Bit error rate <107
Power source Transmitter +5 £ 025V 80mA

Receiver +5+ 025V30mA

4.3 HANNISNINIHYDIIIDT

L4
{13719 Y09299 T HEINTLENASINNUYH2995 14 2 35 Ae TTusnmadedayane

:l | .4 @ 1 @ - 3.4
Tmugugiaseinouen uaziihaesmsdidygansundy Myinseineuendaladds

ey

Y d
4.3.1 msasdaanamuguglnsaimanen

1 4 L3 -3 & 1 3
Asufiliaesien 1&dsuaamsinmvemesaeynsu (Fwnd1nluund 5 ) uaznua

!& -3 1 @ =
mshamuss 8255 BavsAmuamsdedagnadeoya s in (lumsmugugunsainmeuen )

o 4’ v ¥ a LS 4 s T -~
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qnAes LED sranadunei Taosufinrausnio ua‘vﬁtyapm cLock2 dlu 16 whwes
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(B;) (i sec), = ununny _2_157_%{@
(AMuAI1Ueein) Fvii s, (p sec)
1200 833.3 1666.6 52.083
2400 416.6 833.3 26.041
4800 208.3 416.6 13.02
9600 104.1 208.3 6.51
19200 52.08 104.1 3.255
38400 26.04 52.08 1.627
76800 13.02 26.04 0.813
153600 6.51 13.02 0.406
307200 3.251 6.51 0.203
614400 1.627 3.251 0.101
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6.2.5 MIAIUIBYI BER ( Bit - Error Rate )

s BER Wlaeninnts Mindesdlota aalugdlil 6.13 Futhiudenlnezunsulums
Sa BER lumisia BER guezﬁfuagjﬁ'nﬁmmﬁ‘fﬂ tazgUuuudgnedildiaiudiy Patem
uuyle wazmsesuyy DTE ( Data Terminal Equipment ) 1159 DCE ( Data Circuit Terminal )
vozndoulloflein f0 HP 377324 udwdedfledafimunsodainindgega 19200 Hien
ez lgmsnareuesiomant 2wsiannsadedoonaléd daulunsia BER 14¥a
;ﬂxmumsd"ﬂﬁqﬁy Foygnadoyaithi 8 Tn 1 afediin 1yifini3A | DTE , Pattem 2047 , daiin
it 1000 Bruiin uazdeiidingm 19200 dited ud léhmsnageudios 100 d1uin Salida

BER nazduna BER mlannaunsn (6.2) [12]

. Number.errored.bits
Bit — Error. Rate = - - 6.2
Number.tranmitted. bits

4 A 1 o = - Q’I —
snaunsesiinidn dedwsnouinlyds 100 Sdnuds  msgaziy BER<1x107
2 dhmsmanien uAssuumsdedygnuasaen BER<10" [ 12] Adeinhewld
udegluszduldduds



BER
T i

BER
Receiver

|

SENDER 1

/

iber Optic

RECEIVER 1

I

—

RECEIVER 2

[

Fiber Optic

!

SENDER 2

-

5104 6.13 umasudonlaezunsuns i BER veamgwataidn

6.2.6 PIMAIMZNM ( Throughout )

mnmm*mlunmv in/Aui mw‘h’fszumaﬂﬂmawmmmuumﬂmumhq

nmuﬁ'lmum'mm ( Network ) ADNUILINY uamgvgmmmammmuuwmﬂummum

'Vll«'lﬂmﬁl')ﬂiﬂ 5’1&‘ﬂuﬂ'ﬁﬁﬁﬂﬂ‘5 mnamumua | umuuuuzflumimmvwawwmm

lWi'loﬂw‘IJUﬂ'quqﬁllﬂQﬂgWﬂ mmﬂuamﬂmim%qauawuuunuu [13] muumu

ﬂ’liﬁ\‘i‘!lmgﬂﬂﬂ‘ﬂﬁﬂ 9600 o ﬂmmwmwmtmﬂnumw

1 6.14, it 6.15 oz gii 6.16 Fumsiaaegtlvoseeseieiilflummanes
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7171 6.15 uamsasiiilu Control Terminal
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apuazdataueuny

7.1 dszindmunslfauvesszumezagl
umsdedaygarmuduloins szdostmualindsnnueadgidulohuasdifios
waﬁ'umiaﬁﬂawmtﬁuluﬁ1&mu.a~msqmnﬁuwﬁqnuuﬁqdu 9 FiRadumeluszy wi
nunqmmu‘lﬂlusvuumnuﬂ ( System Power Margin , M) 9 fianuduRusiundaa
usreiidhgidulovinas (2) un*vmm'lwmn'mswnmmnmwnmmmueuqamu’lﬁ'
(Pp) SaaunsounaBlumunisf (7.0) [9]
M=P, —Py— A, o L-24, 7.1
4, - Sugasaameuvesmudulovir Smiduidy dbkm
L - funuemvssmedilothueiildon
A - nﬂuﬂ15nﬂmwmﬁ'ﬂngwmgﬁawmms1§auda ( Connector) AfffiAuaa Uaz
Faasaesuues e ltidnu Idfudulniwes sslimsaansudsvina 1-1.5dB
@O
M - ilundaan (power ) i ld0Ansth B, - Py Taova'lalei Margin 1521101 6 4B
dedlumslessulumsnaasveandsauien SudieeninmislFnuvesdatuiia
s uazns eyt o finatuTasliidmae ¥
Pnaumsh (7.1 ) awsafna  Power Budget Futhisuasulumsasivmouh
niamiiiansasiuuas ( P, ) Sdunanefissannioihianuldviely nmiiselfinsan
uuuAsandeams fwasenuuiiuuan fmmummﬂw%’ﬂum"mmuminﬂms.,un‘lﬁ' ¥q

Jumsdnmsiiezsaeiireuuy fe Tugauazfieenuuuesies

7.1.1 M3IMUIB Power Budget ¥oluga
t 4
nnAsei 44 Suiudmuaniidie q veTugalaslddade i
P.=-20dBm ; P,=-30dBm ; 4. =15dB ; A,=4 dB/km
6=20-(30)-24(1.5)- =k
’ 1000
L= 250 uA3

snnsdnaaearh e snsaddygneTal 181natie 250 wns



7.1.2 M3RMI8 Power Budget ¥83MENIAAn

'3 ¥ i M @ o - o z
fumssamamg  vemededgnaludulonhurwuumenmddn Al

o ) - &
Tumsfnnamm P, dsegeinassud I (LED Forward Current) Falunananssld

fssiad 100 mA 181 Power Launched = 540 lulns¥ad [ 14]

)i T( /‘W)
ImW

_ 540( p#)
10log —

dBm=10log

=-2.679
1 4
Aaiu P, = -2.679 dBm

lumsm P, o [141; P, =P, =100(u#)

PR(FW)
dBm=10log —

10uWw
dBm=10log Tl

= -20

¥
fau P, = -20 dBm

. [ 4
PN (7.1) gunsaunuaig o 1aaail

Ao =15dB ; A,=300dB/km
300x L
1000

6 =-2679-(-20)-2%(15)-

L = 27.76 1IR3

sinmfisaa i@ idmededyg18lnade 27.76 was uai1$lumsnanss e 20
was ifszuudasafolumsdedagnudade Tunsiilyldau

TuszuuensInwasuYensds tasmssuuaafivanedsldndudy masuaues
amuaiiudsd vy msizinadeinanlumsdedyanadone GriluudSaiiindu dvn
Arfiuanlaéae mié‘f’iuﬂgwsun'mﬁzﬁuﬁ'w HATAINTOUAAIAIAS  UNTIBONILILINGT

A 24 ] - =y L] i o/ i
WenfSsufioudusznie lugauazadssveadulniuafiosnuuy dlumsred 7.1
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ATNN 7.1

uamsmmsinSouiousgninlugaiuiesheenuyy

Hyy Tuga DC2M 2eTfieenUUI-ENaTEAN
Modulation Direct Intensity Modulation Direct Intensity Modulation
Bit Rate 2 Mb/s 307.2 Kb/s
Light LED, A= 085um LED, A= 0.66m
Detector PIN-PD PIN-PD
Interface Standard TTL Standard TTL
ATC Yes No
Optical Output Poyigf > -20dBm >-2.679dBm
Receiving Sensjiiyity < -30dBm < ~20dBm
Span loss Max. 10 dB Max. 17.321 dB
Bit Error Rate <107 ~1078*

Fiber Attenuation ( dB/ km ) 4dB 300 dB
sozniiasld (was) 250 21.7
Power Source Transmitter +5 +5
Receiver +5 +5,49

[ v o 4 ar ]
nasnseriu e idudsiidalunsdadfldszesmslnag fie
- v 6 A -~ - et A o
_lumsidengafiiaues Ao 1Aenfisl Power Output 10 tazaamesnauiilden Ao
o ° A i a ° Y
Wimnsaududulotue  mazanuenaduidumcludulnhunedmsgopiom
wiifiu ’
- Bonfns19%uuas ( Detector ) 11 Sensitivity 110 maevilfamsansdedunashil
amlon q 14
- Aendlmhuasiifidnigaidouasd 9 mifussrunsadumelibadulodur
4 4
1szozmulnamiuiy
o v o (S a
snramsnaans sl lumsdnoamae  hmanguidhanomaly
malfiadeihl1Fay Safumsuaneidei dnnesmbu mmmm‘lﬂ\%uu”lé’wq

nIolnddsstunimuilusdalumalgia sohlumsiinndmidaind suflunminae
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a ° a ¥ ° ¢ [
wReiE R s g auesdudneeg ududmahliddsegndmsldou
Tunsmugudaluidanmeluthu lulsaugaamnisy Tueangundoun Wia (15, 16,171
Fonlimusadldien]d  Tanlfulgimahouvesszuutidiiueuiililg vie
IWszuuensoinuldazadn
1 4 []
Tumsisneinusasuiivesdtmdr  feaszamilymlunsiissudiogmiunah
1 d
naass aunsaesueiom Iddade i
[) . y
_oaf 1 lumsnanesmnniufiudesdidennmalszma ihldidunmasonmadeu
v } 4
lunsdade
) 4
° & a . A o e
- Junsvineestudesiiesadalaalml ( Oscilloscope ) inldlumsiadaygnes uazils-
o . 24 ﬂ o ¥ = @ o q VY
$1u8% ( Function Generator ) daiiudaaduaamit lunrsnageuvesdgona  lvdea
4 0 o (e A
wdofieluniFuudesveduniniomanss dldnisiau bidedies
o (.74 ¥ L} é i H o g
- umsadeaaiuneeti i BER Fuiwiniesiiohvien Foaliddnngmeduiilu
v w1t Su e & A &4 deyy o a4 A A & o @ '
mstesa wiaeui lilSatumsesilenlfiafiaiion fe nTeslisinasivadleioyanoaa
I'3 9 ni A A o W ] L\ A M oo v-:'ivo Y £ 2 P
lddeuanunsealotadilnl udniosiied Intiiiihauuaiingm 19200 Ued 99

[ t 4
naroulunisni BER 1andnsnii

&/ s
7.2 YD HIUUZUAZHUUIN AN TNAUU
A e a ) ¢ o d’d” o w ° o 9 © ]
PesnnluiBneinufaud Sdedalunihen  hidmshouvessuyl
o 18ethan’ o2 ¥ A o a
aansavenidetendie mnzasthitdesdimsnsveumamahauvesszuu il
v -~ A o o e
msldaminnn @y Seamnsausnnsaiudevesssuy IRl
- dosnnlfszuy  veumamsheufiaunsenugugdnsaimevenldidnnnd
@ ( szuudunugula 24 @) Tomsveroweia ( Suwn-eniym ) vesszuvlumsniy
o a & o ©
augilnsainisuen Ae Aty 8255 TSt issuuaansaniuguglnssiniuen
1hgaqade 48 @
- s 4 a o Py
- Snsnvenassmanugugunsaimemae #ldifies o600 Tiiea gunseveeldsn
ms12'l0® CDP6402 nam IRgaraii 400 Kbss saudnldoudamsnnnd i
e 2 &
. E&rdosmsIszuumsde-Sudggramae tuszruulildszsemafinnniu fdeseen
puynesin Aesdifledimagauiodygnanaenehuduloduas uazaduuaenld Aoq

iongunseiat q nanduloiueifimnzadeszuyiideslildou
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MANUHIN N

a .
AUNISNAYU ( Wave Equations )
o _. 9y ] A L4 ay P et V) o o Y '
Buloviuaslsenoudioanadiu fn ADHAZLANAAY FINBIUAIATUNITHAMIIANTN
1 4 v
s Qs 1 ' T At . e
LUAaRAN uazmﬂmmuﬁ‘lwmuamaﬁuqsmﬂuum M  (Free-Space magnetic permeability )
[ q’: ° o .lg (Y 1 o A o
Sasulaseadrveanduloiuas FelisuiulvuaunnuAYNeYNUMITAUYBIAGS  uaY
ny [ Y 4 1 @ A o n’ 2 1 o
UAAARY AIRTHNINNIMYBIRes ( 77, ) MATHMINNMUBIARAAL ( 77, ) Fuiumdmua
o a g o A a o 9/ o ot
$ruau Tnualums@umanisludulodues wae Inuaidumedazdounslunes laoh
Y ad o d X &
msndoufitdiumsdmuaniudveua ( Phase Velocity ) ¥lfunu  Z wesginss
° o & [l
nszuen (r, ¢ , 2) Wammanuenveadulethuawingaod uduanwnu Z Falidau

Ysenevwosau v ( ) uazanmiman (H) fuusuduloiueaiude ldaums

o 22) Qpumavesnsd

E. = AJ (k) cos(ng) (1)
o

H. = BJ,(k)sin(ng) (2)
oz MY LINAYBLADARS

E.=CH,(yr)cos(ng) (3)
uay

H.=DH,(yr)sin(ng) (4)

A
1Uo
J (kr) 1 A1 nth-order Bessel function of the first kind

n

H, ( Zr) 1B 1 nth-order Hankel function of the first kind

' o 4
k ADAINSY transverse propagation TuvouunuoInes
[ k4
y4 fioA1AeN transverse propagation TuvonwnvoIAanA

1 o
k= B - B 2; AoA1 separation equation TuvoLvavDINGS

&

¥
x= B - g PO separation equation TuvonunvoLnaAAY
g 2

B

B, =0 He&o Aoa e lueine

b

4 ¢
B, =opme,  forunansiiluveuvauenes

- 3

) ¥
B, =w[ipe,  foAudansiiluveuivavounanns
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11 Beset Function ( J, )Li‘lumsuﬁmﬁmmﬁuﬁﬁﬂ'am?isaﬂc?mﬂﬁﬁ‘luﬁw?wm k Tugyl
voINe%U sinusoidal uazﬁﬁa%ufﬂﬂum cylindrical standing wave TuvBlAvBINeI e r<a
10261 Hankel function ( H, ) iiun1sumus traveling wavedhmiuanniaves y Tuvsutua
veunanaie ra TaomegluilsduenTvmudea  Tudanmauuy nondissipative uaza
Hankel function A921i4 modify Bessel Function inefe Idanuumanuas e iy
evanescent 11‘!1!61J111¢|‘118~111ﬂaﬂ§~1 der z iflusSunnn (imaginary ) RNt 1 -2

A @ Usgneudsaumsaninluveuvavesnss

E, = {Afz J (k) + B J(kr)]sm(nqb) (5)

k2
Has

jnfB,
k2

H¢={AJ8‘ J (k) + B Jn(kr)]cos(nq)) (6)

1 d' 1 9 Ay
NNAANNIN 3 -4 AR @ 1Jizﬂa‘umuaumiauw"luﬁmuwmmuﬂaﬂm"lﬁﬁnmssﬂu

B n j ,
E, ={C-—-J ; Hn(xr)+Dﬂ”f—2Hn(zr)]sin(n¢) (7)
= z
ias
H, =[ijg° H,(x)+D D’ fr’" Hn(zr)}cos(w) (8)

i J, uag H, suand1afiulunIues arguments (kr) 1Az () aud iy ud2n1 tangential

field fisoUAoUBIr=2a 1A

AJ (ka) = CH (ax) (%)
BJ (ka) = DH,(ax) (10)
JBgn Juo . JnB, JH®
J (ka) = -D——
k2 k2 n( ZZa Hn(ax) D x2 Hn(al) (11)
uag
Jwe, JBen joe, .
A B a —_C—ZTH"(aZ)—_ (12)
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wasyimAel A B,C, D 188 ensudaums lumsmawsssnuuimanuazauin i
INAUNITVYOI Maxwell's Equations
TufitsmANeInAUReaW ( Cutoff Wavelength ) dostmuaenlvi¥ J (ka) =0

WA SuNIAMUART argument Y84 Hankel function {ay) surud oz ldaums
wonluveUwavesLnanastaaas NN @) feeld

B =" 16, (13)
sazaumsuonluvsuwavesnoise1a .

k? = 0® pg, — @’ 1,8, (14)

tagd argument (k,,a ) ¥83 Bessel function of the first kind 1® X np

X
kn,,=—;—" (15)

2ax
X,,,,=———AO N (16)

LA aueasiIn Lo TInaNsneon lue1n et ( free-space cutoff wavelength ) Al

A o A
LlaZNGuvhﬁlﬂ\iﬂﬂﬂﬂw 13

2ar
] i N (17)

np

4 LY a d (- | o Qy [
idie 5, dlusmdsiimsvinimuesaes uaz 1, Sussytinsinmasnanns | a tuaiives
d [] 4 Y © s
as 1 nusTInausneevluene ( free-space cutoff wavelength ) fmiuIvuaiRe)

EH,, o

2anx
/1 ey 2 2 1
0c 2405 ‘\/;l 772 (8)

M X, Sonidanlsdnesy ( cutoff parameter, X,,a) Todn@lddaandnuel v Aedlu

° a A = g (2 g 9 o o Yo ‘::y
$uanves Inuadmsoun lusiUsudndveudulotiuas uazidouaunisiny1dasil

Vo= ny =N (19)
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xmvn1i‘imauiwﬂﬁmﬁauﬁ°1usﬁu'1vﬁmﬁﬂm€h X, G’fmﬁﬂan’iﬂuﬁuﬂ'ﬁ (16 ) SN
xi’lumsmumﬂn &0 118 n Al Lmutﬂumsmum p ¥3oAMuA p ash 1A n iy

uav‘nﬂw Y31 Tnuaiumuonfidareseessdl a mmmuinuanwmsé’r’u‘lumsm fio

16a’ 3 3

Modes = —5—+/n, =N, (20)
Ao
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sUnUUYe YNNI ( Refractive-Index Profiles)
Zulsiuransanadumndiuuvain 1Mua ( Multimode Graded-Index Fiber ) finavi
msyinmulasundasasil

dlof r <a (a89)
r) ‘5
n(r)=mn, 1—2A(;) (1)

n(r)=n,~1-2A (2)

A 2
Wea r>a (UAAAY)

A
119
A | @ P o a I'4 | oA = ..
m l{h‘!ﬂ’lﬂ‘Buﬂ'ﬁﬂﬂLﬂﬂQﬂﬂuUﬂﬂTQﬂﬂlaﬂlﬂﬂﬂlﬂQﬂﬂﬁ LAZMAFUNITILENIU ( Deviation

v
Index , A ) uaasluaunmsdeluil
2 2

A=771"772§771—772§771_772 (3)

2
Up; 7 27,
o é ~ ! N = ¢ t ]
o ugUuuuvesd s ( Profile Parameter ) #9138N71 Power-Law Coefficient If19¢3TNIN

1 fe o uphwuvesdatimsiamninlunes milamn W uduns® (1) uezm

a = o FuglinuaBufind (Step Index Profile) nisdif o = 2 uguyymarlum
( Parabolic Profile ) ag @ =1 fugthwuaumioy $rztiunvesdsiinvinm lduaaly
ama 1 Wunmmhdavesgtivuvesdaiimsinmuuumatolvya nami 1 awse

o a 91 =S o 3 o 3 9y ]
fmuaaumsi (1) 1 A fiades 9 ¥ Foiusuan Inyanmuaveuduloihuemayy

Nz(za;:m]A(aiz) “4)

¥
HagsInNaUN1g (2.18) v‘ﬂum Normalized Frequency (V) ﬁ"ﬂgﬂtmuanmsuiwu

a d da
INTARADUIANT AD

2 2a7r77,j2|: “_}2_(2a7m,)2
14 _(————/1 (2a)2 | = — 2A (5)

9naums (5) unuluauns (4) Maumslniily



2z
N= 2 \a+2 (6)

vy
N fio $1u2u Inuavianua

Refractive“lndex (n(n)

=" |- — C{ = QO

i = 10
L= 2

1 * r
Radial distance

'

!

I

|

-a Core a
axis

: Y | e A [ a g
El!"?ll LAAINTNAAYINUDIMATUN THAUKUUVUINIALAADULANY

.
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Tdsuunsumaia

Hulibsunsuiildlumsavpumsihanuvesszuu

program RS232;
uses crt,dos;
label al,a2,a3,a4,a5,a6,a7,a8;
const

{ baudrate=9600;}

com2=§218;

" var
ans,start :char;
comadr :word;

1,n,m,0,highbyte Jowbyte,a,c,b :byte;
prot :boolean;
divisor,i,x,control,y,z,j.k :integer ;

datal,dl,d2,d3,d4,d5,d6,d7,d8  :integer;

1 ° J
procedure setcom; { xflumsmmmmwmmmwam RS232 }

begin
comadr :=com2;
divisor :=round(115200.0/9600.0);
port[comadr+3] := $80; { divisor latch enable }
port{comadr] :=lo(divisor); { set baud rate }
port{comadr+1] :=hi(divisor);
port[comadr+3] :=3; { 8 data,1 stop,no.parity}
delay(50);

77



78

end;
procedure sdata(inputdata:byte); { Wums uﬂmﬂ’liﬁﬂffﬂyﬂ%ﬂ?uﬂuqﬂﬂi alaouen }
var
highbyte,lowbyteibyte;
begin
highbyte :=(inputdata and 240) shr 4;
lowbyte :=inputdata and 15 ;
port{comadr] :=lowbyte + 32;
delay(20);
port[comadr] :=highbyte +16;
delay(20);
end;
procedure rdata(datab:integer); (flumsuerasanys sufsus s nazmisy }
label z1,22,Z3;var datac,r8,r7,r6 :integer ;
begin
port[comadr] :=datab;
18:=0;r7:=0;
if datab-128 < 0 then goto z1;
datac:=datab-128;r8:=128;
z1:if datab-64 < 0 then goto z2;
datac:=datab-64;r7:=64;
Z.2:IF datab-32 <0 THEN GOTO Z3;
datac:=datab-32;r6:=0;
z3: delay(20);
port[comadr] :=r8+r7+r6:
delay(20);
writeIn('r8+r7+16 = ' 18+17+16);
port[comadr] :=0; delay(20);

end;
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procedure decbin(datal:integer); {zﬂumiuﬁmfi1Le1ﬁvgmaaqﬂnmfmvuﬂnﬁ%aﬂauﬁomai’ }
label al,a2,a3,a4,a5,a6,a7,a8;
var
data,d8,d7,d6,d5,d4,d3,d2,d1 :integer;
begin
data:=datal;
d8:=0;d7:=0;d6:=0,;d5:=0;
d4:=0;d3:=0;d2:=0;d1:=0;
if data-128 < 0 then goto al;
data:=data-128;
d8:=1; '
al:
if data-64 < 0 then goto a2;
data:=data-64;
d7:=1;
a2:
if data-32 < 0 then goto a3;
data:=data-32;
d6:=1;
a3:
if data-16 < O then goto a4;
data:=data-16;
ds:=1;
ad:
if data-8 < 0 then goto a5;
data:=data-8;

if data-4 < 0 then goto a6;
data:=data-4;



d3:=1;
a6:
if data-2 < 0 then goto a7;
data:=data-2;
d2:=1;
a7l:
if data-1 <0 then goto a8;
data:=data-1,

a8:,
writeln('D8 =",d8);
writeln('D7 =",d7);
writeln('D6 =',d6);
writeln('D5 =",d5);
writeln('D4 =',d4);
writeln('D3 =',d3);
writeln('D2 ="',d2);
writeln('D1 =",d1);
end;
begin { Main Program }
clrscr;
setcom;
start:="'1";
while start="1" do
begin
writeln( 'Menu Selection');  { Wlumisuasalisunsumdnlumsarugumsiieu }
writeln( '1.Send data to control Electrical Devices.' );
writeln( '2.Read data from Electrical Devices.' );

writeln( '3.Set 8255 of Port A B C -Sender $ Receiver .' );

write( 'Select ==—===>");



ans:=readkey;
case ans of
1 ¢ dumsuaasmsdedeyaliaunuglnssineuen )

begin
clrscr;
writeln(’ Khanung Radrodkid @ Master Thesis');
writeln(' No0.34620038 ");
writeln( 'Set Port of 8255 = ',y);
write('Send Data at Port B =");
readin(i);
write('Send Data at port C =");
read(j);
a:=i;
c:=j;
sdata(a);
port{comadr] :=64;  {old-0 port a * NEW PORT B}
delay(20);
sdata(c);
port{comadr]  :=128; {old-128 portc }
delay(20);
port[comadr] :=0;

delay(20);
end;

'2': {unsidoniudoyasinnesa 8255 waasiisenouivuaey }
begin

writeln('Set Port B,C is Receiver = 112(B),48(C) ');
write('Read Data Control From Port C)=");
read(k);

b:=k;

rdata(b);
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delay(10);
datal:=port[comadr] ;
writeln("Value DEC.=',datal);
decbin(datal);
delay(10);
end;
3" { Lﬂuﬂ'lil‘lfﬂfhﬂ’ﬁﬁﬁ']u‘\mﬁ 8255
begin
clrscr;
writeln(' Set value = 144');
write('Set 8255 of Port A B C >128..=");
read(j);
Y=
sdata(y);
port{comadr}:=192;
delay(20);
port{comadr]:=0;
end;
else
writeln (‘divisor=",divisor,' is Baud rate = 9600 Bit/Sec");
end;
write('Do you want to continue ?2(Y=Yes,N=No)');
repeat
ans:=readkey;
until (upcase(ans) = 'Y") or (upcase(ans)="N');
if upcase(ans)="N' then
start:="2";
end;
writeln(#07);

end.
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OPTICAL FIBER DATA LINKS
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HARRIS

SEMICONDUCTOR

January 1992

CDF6402
CDP6402C

CMOS Universal Asynchronous
Receiver/Transmitter (UART)

Features
» Low Power CMOS Circuitry. . ........ 7.5mw (Typ) at
: 3.2MHz (Max Freq.) at Vpg = 5V
+ Baud Rate
- DC to 200K Bits/s (Max)at. . ............ 5V, 85°C
- DCto 400K Bits/s (Max)at.............. 10v, 85°C

.

4V to 10.5 Operation

Automatic Data Formatting and Status Generstion

Fully Programmable with Externally Selectable Word
Length (S - 8 Bits), Parity Inhibit, Even/Odd Parity, and
1, 1'7,, or 2 Stop Bits .

« QOperating Temperature Range .
- CDP§4025, CD -559G 10 +125°C
- CDPB402E, CE -40°C 10 +85°C

Replaces Industry Types IM6402 and HD6402

Description '

The CDP6402 and CDP6402C are sihcon gate CMOS
Universal  Asynchronous Recewer/Transmitter  (UART)
oircuits for intedacing computers Of Microprocessors 10
asynchronous serial data channels They are designed to
provide the necessary lormaming and control for ntertacing
between seral and parallel data channels. The recever
converts serial start, data, parity, and stop bits to parallel
data verilying proper code transmission, party and stop bits.
The transmitter converts paratiel gata into seral form and
automatically adds start parity and stop bits.

The data word can be 5. 6. 7 or 8 bits in length. Parity may
be odd, aven or inhibited. Stop bits can be 1. 1'/,, or 2 (when
transmitting 5 bit code).

The COP6402 and CDPE402C can be used in a wide range
of applications including modems,” printers, peripherats,
video terminals, remote dala acquisition systems, and serial
data links for distributed processing systems.

.The COP6402 and CDP6402C are functionally identical.
- They differ in that the CDP6402 has a recommended
operating voltage range of 4V 1o 10.5V, and the COP6402C

has a recommencec operating voltage range of 4V 10 6.5V.
Both types are supplied in 40 lead cual-in-line ceramic pack-
ages (O suffix), ang 48 lead dualin-line. plastic packages
(€ sutfix).

Ordering Information Pinout
CDOP6402, COP6402C
TEMPERATURE TOP VIEW
PACKAGE RANGE 5V200K BAUD 10V/400K BAUD
Ptastic DIP -40°C 10 -85°C | COP6402CE COP6402E V:cc E :::
Burn-In CDP8402CEX ano E cLst
Ceramic DIP -4G°C 10 +85°C | COP6402CD COP64020 RRO E cLs2
8urn-In COP6402COX | COP64020X Rors (5] s8s
agar (6] Pt
aeas (7] cRL
rens [T T8RS
A4 (3] TBRY
Ren3 {ig] T8RS
asAz [11] TBRS
Rer1 [iZ] TBRY
re 73] Tara
M TBR2
oe [t TBR1
sFo (i8] ™mo
arc 17} TRE
5RR [ig] “BRL
o’ i) TBRE
ARt (] MR

CAUTION: Thase devcas ars
Cooyrgnt © Hams Carporatica 1932

1

ge Users should 1oliow proper | C Hangling Proceduras

File Number, 1328.1

L,

r

3

CMOS DATA
COMMUNICATIONS

|




CDP6402, CDP6402C
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Fig. 1 - Functional Block Diagram

87



1Specifications CDP6402, CDP6402C

MAXIMUM RATINGS, Absolute-Maximum Values: N

DC SUPPLY-VOLTAGE RANGE. (Vo)
{Voltage referenced to Vgs Terminal}

CDPEA02 + e nseeeee s easaateee et e e e e e Sra st s 05t 11V
COPBA02C . oo vevenencannneeasesnn J T Ry 0.S5to*7V

T VOLTAGE RANGE, ALL INPUTS .. .. e -0.5t0 Vpp *0.5 V
LCINPUT CURRENT, ANY ONE INPUT Leoiiutiuanrniennnns s st m st m im0 + 100 pA

POWER DISSIPATION PER PACKAGE (Pp):
For Ta = -40 to ~60°C (PACKAGE TYPEE c.vvivrncnnnns 500 mW
For Ta * +60 to +85°C (PACKAGE TYPEE) ....
For Ta = -55 10 100°C (PACKAGE TYPED) ....

For Ta = + 100 to +125°C (PACKAGE TYPE D) «evvevnnnnnomonsasnassonsecs Derate Lineary at 12 mW/*C to 200 mW
DEVICE DISSIPATION PER QUTPUT TRANSISTOR

For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .......coccerercecns eeeencsasnse 100 mW
OPERATING-TEMPERATURE RANGE (Ta):

-§510 +125°C
..-4010 +85°C
-65to +150°C

PACKAGE TYPE D vevvevrnriurirraarssacnnenessosnesnseruarecuessarosnssees
PACKAGE TYPEE .. PN ..

STORAGE TEMPERATURE RANGE (Tg

LEAD TEMPERATURE (DURING SOLD
At distance 1/16 £ 1/32 inch (1.59 = 0.79 mm) from case fOr 10 8 MAX. ..ceeeeaunosornsrnrnrennnnnmneeees +265°C

OPERATING CONDITIONS 8t T = Full Package-Temperature Range. For maximum rellabllity, operating conditions
should be selected so that aperation Is siways within the following ranges:

LIMITS
CHARACTERISTIC CDP6402 CDPE402C UNITS
Min, Max. Min. Max.
OC Operating Voltage Range 4 10.5 4 6.5 v
{ Tnput Voltage Range Vss VDD Vss Voo

<
STATIC ELECTRICAL CHARACTERISTICS at TA=-40 to +85° C, VpD £10%, Except as noted ':!
CONDITIONS LIMITS g
CHARACTERISTIC Vo VIN | YDO CDP6402 CDP8402C UNITS o]
(V) [\ (V) Min, | Typ.® | Max. | Min. | Typ.e | Max. =
Quiescent Device - Q.5 5 — 0.01 50 _ 0.02 200 A ©
Current [folo) e 0,10 10 —_ 1 200 — o = “
Output Low Dnve 0.4 0.5 S 2 4 - 1.2 2.4 f—
{Sink) Current oL 0.5 0, 10 10 5 7 e — ot - mA
Qutout High Drive 4.6 L) S -0.55 -1.1 -_ -0.55 -1.1 -
{Source) Current |OH 9.5 0, 10 10 -1.3 -2.6 — - - -
utput Voltage - 0.5 * Sae -— [} 0.1 <. — [¢] 0.1
Low-Level VoLt — 0,10 10 = "] 0.t - y 4 —
Output Voltage - 0,5 5 49 S — 3.9 5 —
High Level Vout - 0,10 10 3.9 10 — —_ - — . v
Input Low 0.5. 4.5 -— o - —_— 0.8 -_ - [¢X:]
Voitage Vil 05.95| — 10 - — P2Vppy  — - -
Tnput Hign 0545 — 5 |VDD=Z [e — = Vpp-2| -
Voltage Vi 05,95 - 10 7 - - — - s
Input Leakage Any 0.5 ) - 210 | =1 - £1
Current uN lnput | 0, 10 10 — [ #1044 ] 22 — - — A
3-State Outpul Leakage 0.5 | 0.5 5 — T Ei03 | £} — | x5 | = “
Current loyt | ©0.10 | 0,10 10 — | 104 | 10 - - -
i 1 - 0.5 5 -— .o — -— 1.5 —_
Operating Current, 001% - 0 10 10 - 10 — _ — — mA
Input Capacitance CiN —_ -— — — 5 7.5 — 5 7.5 £
Output Capacitance CouTt - — -— - 10 15 - 10 15 P
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CDP6402, CDP6402C

DESCRIPTION OF OPERATION

initiatization and Controls

A posilive pulse on the MASTER RESET (MR) input resets
the control, status, and receiver bulfer registers, and sets
the serial output (TRO) High. Timing is generated from the
ctock inputs RRC and TRC at a frequency equal to 16 times
the serial data bit rate. The RRC and TRC inputs may be
driven by a common clock, or may be driven independently
by two different ctocks, The CONTROL REGISTER LOAD
(CRL) input is strobed to load control bits for PARITY
INHIBIT (Pl), EVEN PARITY ENABLE (EPE), STOP BIT
SELECTS (S8S), and CHARACTER LENGTH SELECTS
{CLS1and CLS?2). These inputs may be hand wired to Vgg
or Vpp with CRL to Vpp. When the initialization is
completed, the UART is ready lor receiver and/or transmitter
operations.

Transmiiter Operation

The transmitter section accepts parallel data, formats it,
and transmits it in serial form (Fig. 2) on the TRO terminal.

$-8 DATA @1TS

[

1,1+172 0R 2 STOP BITS
L

N T I =

“ir gnasLED

N pariTy
Q2CS - 34854

Fig 2 - Serial data format.

Transmitter timingis shown in Fig. 3. (A) Data 1sloaded into
the transmitter buffer register irom the inputs TBR1 through
TBRS by alogic low on the TBRL input. Valid data must be
present at least tpT prror 10, and tTp lollowing, the nsing
edge of L. it worcs less than 8 bits are used, only the
teast sigmificant bits are used. The character is right
iustifieg into the least significant dit, TBR1. (B) The rising
edge ot TBRL ctears TBRE. % to 1% cycles later, depending
on whenthe TBRL pulse occurs with respectto TRC, data is
transferred to the transmitter register and TRE 1s cleared.
TBRE is set to a logic High one cycle after that

Output data is clocked by TRC. The clock rate :s 16 Wmes
the ga:a rate. (C) A second pulse on TBRL loads data into
the transmitter dufler reqister. Data transter to the
transmitter register s delayed untit transmission of the
current character «s compiete. {D) Data is automatically
transferred to the transmitter register and transmission of
that character begins

ra_m._\_s
-

' .
. LK
: 1
Teng ¥ | .
HIR el .S
TAE T4' {—— 172 TOM/2 CYCLES ﬂ
1

TRO -—1-1 mi-mzcvtus{ OaTa H

| i ¥

a L]

T
A
END OF
o e

LY

Recelver Operation

Data is received in serial form at the RRI input. When no
data is being received, RR! input must remain high. The
data is clocked through the RRC. The clock rate is 16 times
the daia rate. Receiver timing is shown in Fig. 4.

BEINNING OF ARST STOP T o | :L';é“':.(z‘t/:s
AR I | oaTa
RERI-8,0€ (
e s
BRA _r
|
onr -
FEPE
— 1/2CL0CK
% > < cvcLe
92C3 ~34359R2

Fig. 4 - Receiver timing wavelorms.

{(A) A low level on DRR clears the DR line. (B) During the
first stop bit data is transferred from the receiver register to
the ABRegister. If the word is less than 8 bits, the unused
most significant bits will be a logic low. The output
characterisnight justified tc the least signilicant bit RBR1. A
logic high on OE indicates overruns. An overrun occurs
when OR has not been clezred be!ore the present character
was transferred to the RBR (C) 1/2 clock cycie later DR is
sel to a logic high and FE is evaluated. A logic high on FE
ingicates an invalid stop bit was received A logic high on
PE indicates a parity error

Start Bit Detection

The receiver uses a 16X clock for tming {Fig. 5). The stant
bitcouid have occurred as much as one clock cycle before it
was detected, as indicated by the shaded portion. The
center of the start bit is defined as clock count 7 1/2. if the
recewver clock 1s a symmetrical square wave, the center of
the start D1t will De located within £1/2 clock cycle, £1/32 bit
or £3.125%, The receiver begins searching for the next start
bit at 9 clocks into the first stop bit.

COuNT 7 172
OEFINED CENTER
OF STaRT BIT
RAL INPUT /87 STaRT
P 4

7 1720L0Cx
CYCLES

’ 8 172 CLoCx
¥ CreLES

92C3- 3e338

Fig. 5 - Start bt tming wavelorms.



. CDP6402, CDP6402C

Table | - Control Word Functlon

CONTROL WORD
CcLS2 CLS1t Pl EPE $8S DATA BITS PARITY BIT STOP BIT(S)
L L L L L 5 oDo 1
L L L L H 5 000 vs
L L L H L S EVEN 1
L L L H H ] EVEN 15
L L H X L 5 OISABLED 1
L L H X H 5 DISABLED 15
L H L L L. 6 (e]n]s} 1
L H L L H 6 [o]0]a} 2
L H L H L 6 EVEN 1
L H L H M 6 EVEN 2
L o] H X L 6 DISABLED 1
L H H X H 6 OISABLED 2
H L L L L 7 e]nle} 1
H L L L H .7 [e]o]e] 2
H L L H L 7 EVEN 1
H L L H H 7 EVEN 2
H L H X L 7 DISABLED 1
H L H X H 7 DISABLED 2
H H L L L 8 [e]s]s] 1
H H L L H 8 Q00 2
H H L 2] L 8 EVEN 1
H H L H H 8 EVEN 2
H ] H X L 8 DISABLED: 1
H H H X H 8 DISABLED 2
X = Don't Care
. Table il - Function Pin Definition
PIN | SYMBOL. OESCRIPTION PIN | SYMBOL DESCRIPTION
) N T s 15 OE | A mgn level on OVERRUN ERROR
3 GND Grouna (Vgg) indicates the data received flag was not
a RROD A high tevel on RECEIVER REGISTER cleared before the lastA character was
DISABLE torces the receiver holding transterred to the receiver buffer
register ouputs RBR1-RBRS to a high register. The Error. is reset at the next
impedance state character’s stop bit if DRA has been
5 RBAS | Thecontentsof the RECEIVER BUFFER pertormed (i.e. ORA: active low).
REGISTER appear on these three-state 16 SFD A migh level on STATUS FLAGS
outputs Word formats less than 8 g:qSATBBL:Elotrces ;he:‘f‘p”‘sz'FE'tOE'
i ] o a high impedance state.
. - characters are rignt justitied 1o RBR1 A RRC | The RECEIVER AEGISTER GLOGK ie
7 RBR6 16X the receiver data rate.
8 RBRS 18 DRR | Alowlevel on DATA RECEIVED RESET
9 RBRe See Pin 5 - RBAS clears the data received output (DR), to
10 RBA3 a low level.
11 RBR2 19 OR A nmigh level on DATA RECEIVED
12 ABA1 indicates a character has been received
13 PE A'high level on PARITY ERROR and transferred to the receiver buffer
[Jalel} tthe r 1V r re9|5ter'
(¥ ;E:fcsn‘;:m; :,Ogigmi:’egzy‘gog;’,‘;i 20 RAI | Serial gata on AECEIVER REGISTER
bits The output ts acuve until parity INPUT is clocked into the receiver
matches on a succeeding character. regesial
When panty 1s inhibited. this output 21 MR A high level on MASTER RESET (MR)
s Tow clears PE, FE, OE and DR, and sats TRE,
1a FE A fhigh tevel on FRAMING ERRQR TBRE. and TRO. TRE is actually set on
indicates the 'first s10p bit was invahd. the hrs_t rising edge of TRC after MR
FE will stay active until the next valig gges high. MR should be strobed after
S wer-up,
characier gyl 'S "EaRY/SS: 22| TBRE | Anighlevel on TRANSMITTER BUFFER
REGISTER EMPTY indicates the
transmitter buffer register has
transferred its data to the transmitter
register and is ready for new data.

=
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CDP6402, CDP6402C

Teble li - Function Pin Detinition (Cont'd}

91

PIN | SYMBOL DESCRIPTION PIN | SYMBOL DESCRIPTION
23 TBAL | A low level on TRANSMITTER BUFFER 34 CRL | A high level on CONTROL REGISTER
REGISTER LOAD transfers data from LOAD loads the control register.
inputs TBR1-TBRS into the transmitter 35 PI* A high level on PARITY INHIBIT inhibits
butter register. A low to high transition parity generation, parity checking and
on TBAL requests data transler to the forces PE output low.
transmitter register. I the transmitter 36 $BS* | A high level on STOP BIT SELECT
register is busy, transfer is automatically selects 1.5 stop bits lor a S characte-
delayed so that the two characters are tormat and 2 stop bits for other lengths
transmitted end to end. 37 CLS2" | Theseinputs program the CHARACTER
24 TRE | A high level on TRANSMITTER LENGTH SELECTED. (CLS1 low CLS2
REGISTER EMPTY indicates completed low 5-bits) (CLS1 high CLS2 low 6-bits)
transmission of a character including (CLS11ow CLS2high 7-bits) (CLS1igh
stop bits. CLS2 high 8-bits).
25 TRO | Character data, start data and stop dits 38 CLS1° | See Pin 37 - CLS2
appear serially at the TRANSMITTER 39 EPE* | When PI is low, a high level on EVEN
REGISTER OUTPUT. PARITY ENABLE generates and checks
26 TBR1 | Character data is loaded into the even parity. A low level selects odd
TAANSMITTERBUFFER REGISTERwa parity.
inputs TBR1-TBR8. For character 40 TRC The TRANSMITTER REGISTER
tormats less than B-bits. the TBRS, 7, 2 CLOCK is 16X the transmut gata rate.
and 6§ Inputs are ignored corresponding
to the programmed word length. *See Table ! (Controt Word Function)
27 TBR2
28 TBR3
29 TBR4
30 | TBRS See Pin 26 - TBR1
kAl TBR6
32 TBR7
33 TBR8




Specifications COP6402, CDP6402C

DYNAMIC ELECTRICAL CHARACTERISTICS at T4 = -40 10 +85°C, Vpp £ 5%, ir, I = 20 ns,

Vi = 0.7 Vpp. ViL = 0.3 Vpp. C = 100 pF

LIMITS
COP64a02 CDP6402C
CHARACTERISTIC T Yoo UNITS
(V) Typ.* Max.8 Typ.* Max.8
System Timing (See Fig. 6)
Minimum Pulse Width- s | so 150 50 150
CAL tCARL 10 40 100 - -
Minimum Setup Time S 20 50 20 S0
Control Word to CRL tcwe 10 0 40 - -
Minimum Hold Time S 40 60 40 60
Control Word after CRL tccw 10 20 30 - -
Propagation Delay Time 5 130 200 130 200 .
SFD High to SOD ISFOH 10 00 150 -_ el
ns
) t 5 130 200 130 200
SFD Low to SQOD SFDL 10 40 60 - iy
RRD High to Receiver Register 5 80 150 80 150
High Impedance tRROH 10 40 70 - -
RRD Low to Receiver Register 5 80 150 80 150
Active tRROL 10 40 70 — -
Minimum Pulse Width: 5 200 400 200 400
MR 10 100 200 = -
=E
*Typical values tor T4 = 25°C and nominal VO . g g
AMaximum limits of mimimum characteristics are the values above which all devices tunction. 0z
tAIl measurements are made at the 50% point of the transition except tri-state measurements g g
) 52
]
CONTROL INPUT WORD TIMING C
cl:»;;-:o.. i’ X CONTROL WORD BYTE \L
L‘ fewe ‘Ir' 'CC\-_“4
er™ LLLILLLIN ~AF AONONSY LY " .-}
| o |
i ‘eaL 1
STATUS OUTPUT TIMING 0% 0%
STATYS ———
QUTPUTS SRS
0% 0%
'sson —‘4 = —"[ [ 'sFoL
SFfR Tt
RECEIVER REGISTER OISCONNECT THMING
20 % 0%

R 8US 0 ————
RBUS T —m

'aron "”l

[N s

!RRO

Fig. 6 - Systam timing waveforms.
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Specifications CDP6402, CDP6402C

DYNAMIC ELECTRICAL CHARACTERISTICS at Tp = ~40 to +85°C, YpD + 5%. tr. 1y = 20 ns,
ViH = 0.7 VoD, ViL # 0.3 VDD, CL = 100 pF

93

LIMITS
1 CDP6402 CcDP6402C
CHARACTERISTIC VoD N N UNITS
V) Tyor | Mazd | Typt | maxa
Transmitter Timing (See Fig. 7)
ini ; TR t 5 250 310 250 310
Minimum Clock Period (TRC) cC 10 125 158 il i
Minimum Pulse Width: 5 100 125 100 125
Clock Low Level toL 10 75 100 — —
: 1 5 100 125 100 125
Clock High Level ) CH . 10 75 100 — ol
JBRL - t 5 80 200 80 200
TBRL THTH 10 0 300 = -
Minimum Setup Time: i 5 | 175 275 178 275
TBRL to Clock tTHC 10 90 150 - —
== . t 5 L. 20 50 20 50
Datato TBRL ¢ oT 0 0 0 - it ns
Minimum Hold Time: A\ 5. . 40 60 40 60
Data after TBAL  « © i tTo 10 20 30 - -
Propagauon Delay Time: 5 . *300 450 300 450
Clock to Data Stant Bit tco 10 150 225 - -
- t 5 330 400 330 400
Ciock to TBRE cT H e 150 i e
: 1 S 200 300 200 300
T8RL to TBRE TTHR 10 100 150 —\ T
q 5 330 400 330 400
Clock to TRE k ] TTS 10 100 150 ! ly

*Typicar values for T4 = 25°C and nominal VDO-
AMaximum himits of mensmum characteristics are the values above which all gevices function.
T All measurements are made at the SO% pont ol the transiion except tri-state measurements

A/ TRANSMITTER SMIFT

-

TRANSMITTER SUFFER REGISTER.LOADED
RECISTEA LOADED 2
—wt tce pesme
. 1
TRC
" [ [
Temg == = b 1
TERL T s
— | @ A
[ el L2 ] I o
E<Ji " % - Lo
10
=i R [
1 23
! I
Vrtnp——t Lo to—rer
rane Loy i 2
l
I 1—:1 '
= i o=t
t L "
{ 2
r"orﬁ""vo !
1 BUs 0 0
1 8uUsS? Y oarta 2
% TWE HOLOING REGISTER 15 LOADED ON THE TRAILING EOGE OF TBAL 9s2cm-34338
o m THE TRANSMITTER SMIFT REGISTER tF EMPTY,1S LOADED ON THE f|ﬂs.' WIGH - TO-LOW TRAN ON OF THE
ZLOCKH weiCr OCCURS AT LEAST 172 CLOCR PERIOD + tyug AFTER lv-i.'HA'LmG EDGE OF AND

TRANSMISSION OF 4 START BIT OCCURS 1/2 CLOCK PEAIOD ¢ 1cp LATE
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Specifications CDP6402, CDP6402C

DYNAMIC ELECTRICAL CHARACTERISTICS at T4 = -40 to +85°C, Vpp + 5%, te. 1 = 20 ns,
V4 = 0.7 Vpp, ViL = 0.3 Vpp. C = 100 pF

IMITS
CDP6402 CDP6402C
CHARACTERISTIC Voo [ UNITS
(v) Typ.* [ Max 8 | Typ© Max 8
Hecelver TIming (See Fig. 8)

P ; t 5 250 310 250 310
Minimum Clock Period (RRC) CcC 10 12¢ 155 . _
Minimum Pulse Width: 5 100 125 100 125

Clock Low Leve! [ToTR 10 75 100 - -

i t 5 100 125 100 125

Clock High Levei CH 10 75 100 _ =

R v 1 5 50 75 50 75

OATA RECEIVED RESET (o]0} 10 55 0 - =
Mintmum Setup Time: 5 100 180 100 150

Data Start 81t to Clock tne 10 50 .75 = =
rropagation Delay Time: ns

5A'-!TA RECEIVED RESET to 100A 5 150 250 150 250

Data Received 10 75 125 = =

i t 5 ‘275 400 275 400

Clock to Data valid cov 10 110 175 - _

Clock 1o DR

t 5 275 400 275 400
CDA 10 110 175 — -
) 1 S 275 400 275 400

Clock to Overrun Error COE 10. 100 150 S -

lock to P, E t 5 240 375 240 375

Clock to Parity Error CPE 10 120 175 % gl

Clock to Framing Error ICFE 150 fgg ?28 230 330

®Typicai values for Ta = 25*C and nominal vVoo.

AMaximum timits of minimum characteristics are the values above which all devices function.
TAIt measurements are made at the 50% point of the transition except tn-state measurements.

- e
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Philips Semiconductors Linear Products Product specifieation
High-speed dual-differential comparatqr/sense amp NE522

FEATURES PIN CONFIGURATION
“ 1508 d = detay D, N Psckages
@ 20pA maximum input blas current
® TTlLcompatible strobes and outputs wWPUTIA |t IR
@ Large common-mode inpidt voltage range wouTin | 2 13w
@ Cpaerates from standard supply voltages [ E 12| neetraa

ourpur v [4 ] W] meur e
APPLICATIONS smoe 1a [ 7 | ] e
® MOS memoty sense smp moqu Z]u.nwrrv
® A-to-D convetsion

e [7] - « | smoveza
® High-spased iine raceiver
Top View
BLOCK DIAGRAM

ORDERING INFORMATION

August 31, 1994

DESCRIPTION TEMPERATURE RANGE ORDER CODE Dwa ¢
14-Pin Plasfic DIP Q1o +70°C NE522N 04058
14-Pin Plastic SO Q0 +70°C NES220 01750
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNITS
Vo Single supply voltage Poshtivo 4 v
V- Negative K v
Vor Dfffarential input voliage ) v
Vin nput voltage Common-mode +5 v
+525 v
Po Power dissipation 600 mw
Ta Operating range NES22 Ot 70 <
Tsto Storage tomperature mnge 8510 +160 *C
Tsowo Lead {10sec max) +300 )
8530901 13721

95



Philips Semiconductors Linear Products

High-speed dual-differential comparator/sense amp

NES22

EQUIVALENT SCHEMATIC

-
Al

Sy

80—

x
o
oy
|
Y
"

QJ—K":&

i

August 31, 1984



Phifips Semiconductors Linear Products . Procuct specification

High-speed dual-differential comparator/sense amp NE522

DC ELECTRICAL CHARACTERISTICS
Vi m 25V $5%, Ta = 010 +70°C, unloss otherwies siated.

LIMITS
SYMBOL PARAMETER TEST CONDITIONS BTG BTYER UNTTS
Vos Input offset voltage V4 = 44,75V, V~ w =475V
A 25°C 6 75 mv
Over temperature range 10
lgas | input biag curtent V¢ » 4625V, V= 525V
Al 25°C 75 20 pA
Ovaer temperalure mngs 40
los | Input ottset current Vo w +526V, V- = 525V
nzEC - 1.0 [ nA
Ovur temperature rangoe <12
Ve ‘| Common-mode voltage range V4w +4.75V, V- = 4.75V -3 « v
Vi Low level input
At25°C 0.8 v
Over lemperature range Q.7
Vi High level temperature 20 v
™ Input current V+ = 45.25V, V- = =525V
High Vi = 2.7V 50 nA
10 or 2G sirobe 100 nA
Common strabe §
by Low input current Vq = 0.6V
1G or 2G strobe. ~2.0 mA
Common sirobe S —4.0 mA
Voo Qutput voltage Low V+ u $5.25V, V= = ~5.25V, Vyg) = 2.0V, Loup = 05 v
20mA
fon Output current High V¢ e +4.75V, V- = —4.75V, Vo = 525V 260 uA
Supply voitage
Ve Positiva 475 50 §25 v
V- {Negative 475 | -60 | 525
Supply cument Veu 4525V, V- = =525V, Tp « 25°C
.
e Positive 27 35 mA
icg. Negativa -15 -8

August 31, 1994 .



Phifips Semiconcuciors Linear Procucts Product specification

High-speed dual-differential comparator/sense amp NEB22

AC ELECTRICAL CHARACTERISTICS
Ta = 25°C, Ry = 26001, Cy, = 150F, unloss ctherwise stated.

LUATS
SYMBOL PARAMETER FROM INPUT TO OUTRUT T TAK UNITS
In nput resistance 4 [*+]
Ie nput capadtance 3 pF
Larpe-signal switching speed
Propagsion delay
i | Lowtohich! Amp Output 10 15
tererm) High to tow' Amp Outptt 8 2 ny
LS Low to high? Strobe Output 6 13
tevars *| High to low? Stobe Output 5 9
Iaax Maximumm opersting frequency 25 33 MHz
NOTES:
1. Response tme maasured from GV palm of +100mVpp TOMMZ square wave 1o the 1.5V point of the cutput.
2 Response me measursd rom 1.5V point of the input to 1.5V point of the output.
LOGIC FUNCTION TABLE
Vg (A*, 87) STRS STRG OUTPUT TRANSISTOR
<~Vag H H ON
~Vos <V <Vos H H Undefined
»Vos H H OFF
X L X OFF.
X X L OFF

August 31, 1904
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EQUIVALENT SCHEMATIC
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Philips RF C " Product specification
AR
High frequency operational amplifier NE/SE5539
N
1
DESCRIPTION PIN CONFIGURATION
The NE/SES539 is a very wide bandwidth, high slew rate, monofithic
operational amplifier for use in video ampiliers, AF ampilifiers, and O, F, N Packeges
extremely high slew rate amphfiens. ——
Emitter-foliower inputs provide a true differential input impedance iaadd E E]"‘"
devica. Proper exiamal compensation will aliow design operation ™ E 1™
over a wide range of closed-loep gains, both inverting and
non-nverting, to meet specifie design requirements. VsuPPLY E 12 | MECUENCY
MNC| 4 R 1" [NC
FEATURES Vos»““’ s 0.y
* Bandwidth g [] e -
= Unfty gain - 350MHz.
~ Full power - 48MHz smoue [ 7 [ Joumrur
- GBW - 1.2GHz a1 17d8
@ Slow rate: 600/Viis Top View
@ AvoL: 52d8 typical . - .
© Low nolse - 4nWHz typical Setska commypleStony
-
@ MIL-STO processing avallable . kmage processing
© AF instrumentation & oscillators
® Magnetic storage
APPLICATIONS £ .
© Military communications
@ High speed datacom
® Vidso montiors & TV

ORDERING INFORMATION

DESCRIPTION TEMPERATURE RANGE ORDER CODE DWG ¢
14-Pin Plastic Dual In-Line Package (DIP) 010 +70°C NE5539N 04058
14-Pin Plastic Small Qutline (SO) package 0to +70°C NES535D 0175D
14-Pin Coramic Dual In-Line Package 00 +70°C NES539F 05818
14-Pin Ceramic Dual In-Line Package 5510 +125°C SE5539F 05818
ABSOLUTE MAXIMUM RATINGS'
SYMBOL PARAMETER RATING UNITS
Vee Supply voltage 12 v
Pomax Maximum power digsipation,
Ta = 26°C (still-air?

F package 1.17 w

N packags 1.45 w

O package 0.99 w

Operaling lemperature range

Y NE 0lo 70 e

5510 +125 o

Ts16 Storage temperature range 65 to +150 *C

Ty Max junction tefmperatitre 150 “C

Tsop Lead {10s8c max) +300 *C

NOTES:

100

1. Difterential input voitage should not exceed 0.25V to prevent sxcesive inpul bias current and common-mode voltsge 2.5V. These voltage
fimas may be excaeded i curment is imited to less Lhan 10mA.
2. Derate above 25°C, at lhe loflowing rates:
F package at 9.3mW/ C
N package at 11,6mW/C
D package al 7.9mWrC

Aprl 15, 1992 ‘ 853-0814 00456
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Phitips AF C Products Product specification

High frequency operational amplifier NE/SES539

EQUIVALENT CIRCUIT

(12) FREQUENCY COMP,

10 Voo

S Mg 3 Rg 3P 3R

e

ol oy —a

Q7
- S nay -
S y ouTPuT
152 n, I S he bn ”
> P 3P0
> 22%
mero
}
o
L.
S
-
e Ry7
8 i by M-vVee
DC ELECTRICAL CHARACTERISTICS
Veg = £8V, Ty = 25°C; unless olherwise specified.
SYMBOL PARAMETER TEST CONDITIONS SEES N UNITS
MIN TYP [ MAX | MIN | TYP { MAX
8 voRor £ Over tsmp 2 6 v
oS jnput offset voltage o= 0V, Rg = 1000 Tam 25°C 2 3 25 5 m
aVos/AT 3 5 5 WrC
Over temp 0.1 3

los | lnpul oftset cument Ta=25°C o1 | ¢ ol B

Alog/AT 05 05 nArC
& Over temp 6 25

[ input blas current Th-25°C s T} 5 > pA

Alg/aT 10 10 ARG
F = tkHz, Ag = 1000, Ve £1.7V | 70 | 80 70 | 80

CMRR | Common moda rejection ratio Over lomp 7o 0 d8

Rin Inpud impedance 100 100 k2

Rour | Output impedancs 10 10 Q

April 15, 1992



Philips AF G ti Product specification
High frequency operational ampilifier NE/SE5539
DOC ELECTRICAL CHARACTERISTICS (Continued)
Vg = £8Y, Ta = 25°C; unless otherwise speciied.
SE5539 NE5529
SYMBOL PARAMETER TEST CONDITIONS TR T R ] VP [ WAX UNITS
Ry = 1500 to GND and +Swing +23 | +27
Vour | Output votage swing 470010 Veo -Swing a7 | 22 v
Ry = 250 10 GND “Swing | +2.3 | +30
Over temp -Swing -15 | 21
Vour | Outout voitage swing F=25010GND | +owing | +25 | +33 v
Tp=25°C Swing | 20 | 27
) Vg = 0, Ay = «, Over temp 14 [
lcca | Positive suppty cumrent Vo= 0.Fy ==, TA=25C T | 17 ] ™
Vo =0, Ay = =, Ovet tamp 1 15
loc- | Nagative supply curent Vo= 0, Ayem, Tam25C W] 14 Tl ™
AVeg = £1V, Over temp 300 | 1000
PSRR | Powar supply rejoction ratlo Mo = 21V, Tp=25C 0
] Vo = +2.3V, 1.7V, A = 1500 10
Avor, | Large signal voltage gain GND. 4700 0 Vg 7 52 57 d8
Over
Vo= Bk
AvoL | large signal voltage pain o= 423V, 1.1V temp 8
R =2010GND  [Ta=25°C a7 | 62 | 67
Vo= 425V, 2.0V over | 46 60
Ao | Large signal vottage gain temp @B
A =20t0GND _ [Ta=25°C| 48 | 53 | 59
DC ELECTRICAL CHARACTERISTICS
Vg = 16V, Ta = 25°C; unless otherwise specifiad.
ETER TEST CONDITIONS seess UNITS
SYMBOL PARAM TV T WAX
Over temp 2 5
Nps | inout ofisel vohage Tas 325G 2 3 m
Over temp (X 3
los |lnput oftsel curant Th= 75 o1 3 A
j Over lamp 5 20
i Input bias cument Ta=25C Y T sA
CTMAR | Common-mode rejection ratio Vom = $1.3V, Rg = 1000 70 85 d8
Over lemp 1 14 " A
Icce | Positive supply current TAe25C ) 3
r Over Yomp 8 " mA
o egative supply current Tr=25-CmA ) )
- Over temp 300 | 1000
PSAR | Power supply rejection ratio AVge =1V nwv
Ty=25C
Over +Swing +1.4 | +2.0
. A= 150010 GND | temp ~Swing 44 | 1.7
Vour | Output voltage swing and 3900t -Veg | Ta= TSeng | 415 | 20 y
25°C —Swing 14 | <18

April 15, 1992
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Philips RF C F Product specification
High frequency operational amplifier NE/SE5539
AC ELECTRICAL CHARACTERISTICS
Vec =18V, Ry = 150nloGNDaw47Mb-Vwmwm'podﬁod.
L ARAMETER TEST CONDITIONS SEss% hEsox U
SYmeo P T e v i B v D
BW | Gain bandwidth product AcL=7.Yo=01Vep 1200 1200 MH2
Small signat bandwidth AcL= 2. Ry = 150" 10 10 MHz
15 Settling time AcL = 2. R » 1500 15 15 ns
SR Siew rate Ac =2 A= 1500 600 600 Vips
tpo Propagation defay AcL = 2, Ry = 15001 7 7 ns
Fuil power responss AcL= 2, By = 1500" 48 48 MHz
Full power response o =7, A= 1500" 20 20 MH2
input noise voilage Ag = 500, IMHz 4 4 nVAHZ
Input noiss current 1MHz [] 6 pANHZ
NOTES:
1. External compensation.
AC ELECTRICAL CHARACTERISTICS
Ve = £6V. Ry = 1500 1o GND 8nd 3900 W Ve, unless otherwise specified.
SYNBOL PARAMETER TEST CONDITIONS ST T Sese — unirs
MIN TYP MAX
Galn bandwidth product Acy=7 700
BW I Sran ‘signal bandwidth Ac=2' 120 Mz
s Settiing lime Acy=2! 23 ne
SR Slow rate A =2} 330 Vhis
tpp | Propagation delay Ac=2' 45 ns
Full powes response Ag =2 20 MHz
NOTES:
. 1. Externsl compensation.
TYPICAL PERFORMANCE CURVES
NE5539 Open-Loop Phass NES539 Open-Loop Gain
v Y B -
§ "L T € il
¥ ] g i
£ il il
m L
~CHiH TTUICTIN
15 10U 100l 1GHe 1 Motr 108z 1000 1GHe
FREOURNCY (1) FREQUINCY {He)

April 15, 1992 -



+ Phitips RF C: Products Product specification
High frequency operational amplifier NE/SE5539
13
TYPICAL PERFORMANCE CURVES (Continued)
Powsr Bandwidth (SE) Power Bandwidth (NE)
4
. i,
‘ 3
g 3 il __l
Y — 1\ i :
E ]
VOO = o8V
S \ T, |
1}— Veoeesv
Py \ p
4 100 R 100MH. S00Mhe
1ma [ Tomee SO L ~Ligy
FREQUENCY ()
SESE38 Open-Loop Galo vs Frequency Power Bandwidth
(54
woev
wl e )
< <
a E_. \
£~ 5 =\
k4
< o VcorstV
¢ oo L oanen N
w r A A=1500
o b 1
1w oM om0t e nay Toanr Todket 308y
PREQUENCY (Ha) gy
SE5639 Open-Loop Phese vs Frequency Gain Sandwidih Product vs Frequency
oy a 319 Voee oY
~ v = Ay =100
i « \ g W wexs > -
- § T
\ 3
rageh— YECT Y 240 BARDWOTH ..
P10 =~ a ] i
e ok oM | w0t L [ st so0se
FREQUENCY 1) FREQUENCY pes)
st L
W ‘wimesrare sracase

Apfil 15, 1092
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+ Phitips RF C

Product specification

High frequency operational amplifier

NE/SE5539

CIRCUIT LAYOUT CONSIDERATIONS
As may be expecied tor an uitra-high frequency,
bandwidth amplifier, the physical circull ls exiremety critical.

Bread- is not d. A double-sided coppér-clad
printed circuit board wil resuft in more favorable system opesation.
Anmnvbuﬂlxhg-z&ﬁmnmnimlmbmhﬁgmﬂ.

np
OPTIONAL
OFFBET
ADL
o o—:w»—o.v
H
y
Ry
" 7S o
7™ $——MA———0 YOUT | Tamm
e
R
73
Ry = 750 5% CARBON g » 20k TRIMPOT [CERMET) REC 3T 226 BUSS WIRE ON
Rz = 750 5% CARBON P 1.5 (2000 QAN FERROXCUBE VX 200 03738 CORE
Py = 750 5% CARGON g » 700 $% CAROON BYPASS CAPACITORS
flg » 36K 5% CARBON 1nF CERAMIC
{MEPCO OR EQUN}
Top Plane Copper! Component Side Bottom Plane
(Component Side} (Componant Layout) Copper!

Figure 1. 28dB Norrinverting Amp Sample PC Layout

April 15, 1992
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Philips S AF C Products Product specification
High frequency operational amplifier NE/SE5539

NE5539 COLOR VIDEO AMPLIFIER the 1op of the staircase. The maximum differential phase shown in

Tha NE5539 widoband operational amglifier is sasily adapted for Figure § is approximately +0.1°,

uss a3 a color video ampilitiat, A typical circult is shown in Figure 2 cireut

aking with vactor-scopet photograghs showing the ampifier The smp ot .z;"'za 75“""‘""“:&‘2‘33)_

Muwmmmphnumbldnmnn-mp o 4

modulated staircase inearity signal (Figures 3, 4 and 5), As canbe NOTE:

gean in Figure 4, the gain variss less than 0.5% from the bottom to 1. The input slignal was 200mV and the outpul 2V. Ve was 1BV,

Flgure 2. NESS3% Vidso Amplifier

Figure 3. Inpat Signe! Figure 4. Differentisi Galn <D5%
NOTE:
instruments used for these measurements were Tekironix 146 NTSC test signal S20A NTSC and 1480
manitor,

Aprll 18, 1992



Product specification

NE/SE5539

« Philips Sem RF G Products

High frequency operational amplifier

Figure 5. Differentinl Gain +0.1°
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TECHNICAL DATA

- / - -
Fiber Optics — FLCS Family MFOD71
Photo Detector
Diode Output
/ . ' ) ) . . i FLCS FAMILY
.,] . dfasnfgtr:ed for low cost, short distance Fiber Optic Systems using 1000 micron core FIBER OPTICS
astic fiber. =~ o . ) PHOTO DETECTOR
Typical applications include: high isolation interconnects, disposable medical electron- DIODE OUTPUT
ics, consumer products, and microprocessor controlled systems such as coin operated
machines, copy machines, electronic games, industrial clothes dryers, etc.
e Fast PIN Photodiode: Response Time <5 ns
e Ideaily Matched to MFOE76 Emitter for Plastic Fiber Systems
e Annular Passivated Structure for Stability and Reliability
\® FLCS Package /\';&
v —includes Connector o
— Simple Fiber Termination and Connection (Figure 4) \
— Easy Board Mounting T
— Molded Lens for Efficient Coupling | <
— Mates with 1000 Micron Core Plastic Fiber (Eska SH4001) ' &
~>
CASE 3638-01
/ PLASTIC
MAXIMUM RATINGS (Ta = 25°C unless otherwise noted)
Rating Symbol Value Unit
Reverse Voltage MFQD71 VR 100 Volts
Total Power Dissipation @ Ta = 25°C Pp 150 mW
Derate above 25°C 2 mw/rC
Operating and Storage Junction Temperature Range T, Tsig -401t0 +100 °C
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted)
Characteristic Symbol Min Typ Max Unit
Dark Current {VR = 20V, R = 1 M) Ta = 25°C Ip - 0.06 10 nA
Ta = 85°C — 10 —_
Reverse Breakdown Voltage (g = 10 pA) VI{BRIR 50 100 —_ Volts
Forward Voitage {If = 50 mA) VE - — 11 Volts
Series Resistance {If = 50 mA) Rg - 8 — Ohms
Total Capacitance (VR = 20V, { = 1 MHz) Cy — 3 —_ pF
OPTICAL CHARACTERISTICS (Tp = 25°C)
Responsivity (VR = 5V, Figure 2} R Q.15 0.2 —_ pA/pW
Response Time (VR = 5 V. Ry = 50 Q) Yiresp) - S - ns
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MFOD71

TYPICAL COUPLED CHARACTERISTICS

RELATIVE RESPONSE (%)
L
I
~
/

20 / X

A

200 400 600 800 1000 1200
A, WAVELENGTH (am}

Figure 1. Relative Spectral Response

10.000
3 10
MFOE?6 o
— v MFOD71 z,
1 «<
tE3 B W
ESKA SH4001 =
b, =4
Pin = 10 uW ':\é "
wt Sy
8 .y
V -
<
0 4 8 12 16 20 A% 28 n 36
FIBER LENGTH {METERS)
Figure 2. Responsivity Test Configuration Figure 3. Detector Current versus Fiber Length
The system length achieved with a MFOE76 emitter and current (I} and the respansivity of the detector chosen.
various detectors, using 1000 micron core plastic fiber Each detector will perform with the MFOE76 up to the
(Eska SH4001 or equivalent}, depends on the LED forward distances shown below.

A
T B\

////’ L e R

100 mA

i
////// i R ///x///////. ¢ Y, ,]
T L R L R e U
R

mA

MFOD71 PIN DIODE

V7777 MeQon MFQO72 TRANSISTOR
7 MFODT3 DARLINGTON

If. LED INPUT CURRENT [mA}
50

MFQD12/.0 7 14, )
é g MFOOT3 L i /('/.}'/‘,"" T MFOD75 LOGIC
7 meoos 1
o 20 ) 60 8 100 2 140 160 180 0 0

\, FIBER LENGTH (METERS)
Figure 4. MFOE?6 Working Distances
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MFOD71

CROSS SECTION OF FLCS PACKAGE TERMINATION INSTRUCTIONS
’ 1. Cut cable squarely with sharp blade or hot knife.

2. Strip jacket back with 18 gauge wire stripper to expose
CLADDING 0.10-0.18" of bare fiber core.

WACKET) Avoid nicking the fiber core.

3. Insert terminated fiber through locking nut and into

MO::JEING the connector until the core tip seats against the
\' % 4 DEVICE CLADDING molded lens inside the device package.
L, % £ / Screw connector locking nut down to a snug fit, locking
% Mouning 2z LOCKING NUT » the fiber in place.
4 - POSITION
Foat °
Figure 5. FO Cable Termination and Assembly
INPUT SIGNAL CONDITIONING

The following circuits are suggested to provide the desired forward current through the emitter.

+5V
MFOE76 +5V
>~
o o
At Ry
13 Ry
m 19k mo. 38k MFOET6
mL N304 10mA | 300 & 3904
2 50 mA 56 ~
100 mA 27 ~
NONINVERTING INVERTING

Figure 6. TTL Transmitters

QUTPUT SIGNAL CONDITIONING

The following circuit is suggested to take the MFOD71 detector output and condition it to drive TTL with an acceptable
bit error rate.

Q x 35 43x

MFOD71

™

o
outPuT
SENSITVITY
v ADJUST
- aLot N
0% U1 MCI302 (%]

1 MMz PIN RECEIVER

Figure 7. TTL Receiver
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OUTLINE DIMENSIONS

NOTES:
1. Y AND 2 ARE DATUM DIMENSIONS AND TIS A

A
1 POSITIONAL TOLERANCE FOR D 8 (2 PL):

UM
(4[s 05000 ST YO 28]

1 POSITIONAL TOLERANCE FOR F DIMENSION

od

n
Hannon STYO 78

(s [__soes
O | MM MAX MN MAX
A ny 13 | 0760 | 034
s1e | 93 | o3 | 030
18 4 [} [ 3]

1% 16 | oot | ¢

100 | 266 | 00 | o

B

g 05 | o017 § 00

JUEC | omEs

L [t} 04 0013 a0t
L POSTIONAL TOLERANCE FOR H DIMENSION 3 4,01.5—‘:—-——%&———-
. X | 99 | nofoem | 0w
(Horwm S T[YO178] U] ] 16 [ ooss | 008
T 5. POSITIONAL TOLERANCE FOR Q1 ©: T REE
\ "“I“ v : #s onwom S IO [79) "smm [29] (R INE] um
r T & POSIONAL [ 162 | e {oxo | 030
I Lt ! Do S 85 420 85C
A : ao —Q———(\;}' 1, OMENSIONIG AND TOLERANOAG PER AN u | ou [ on oof“ 0%
"o ) T, . v | ew | | om [ o
l | L CONTROLLNG OMENSION: WO W s 020 B5C
T st x { oo T ugs]om | o
x:
l PN 1. CATHODE CASE 3638-01
2. ANOOE PLASTIC
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MOTOROLA
m SEMICONDUCTOR 1 S
TECHNICAL DATA :

Fiber Optics — FLCS Family | MFOE76
Visible Red LED

This device is designed for low cost, medium trequency. fiber optic systems using

1000 micron core plastic fiber. It is compatible with Motorola’s wide variety of detector FLCS FAMILY

functions from the MFOD70 series. The MFOE76 employs gallium aluminum technology, FIBER OPTICS

and comes pre-assembled into the convenient and popular FLCS connector. VISIBLE RED
LED

e Low Cost . . 660 nm

e Very Simple Fiber Termination and Connection. See Figure 9
e Convenient Printed Circuit Mounting
L]
L]

Integral Molded Lens for Efficient Coupling
Mates with 1000 Micron Core Plastic Fiber, such as Eska SH4001 .

CASE 363B-01

MAXIMUM RATINGS

Rating Symbol Value Unit
Reverse Voltage VR 5 Volits
Forward Current — Continuous Ie 60 mA
Forward Current — Peak Pulse 13 1 A
Total Power Dissipation v Tp - 25 C (1) £p 132 mw
Derate above 35°C 2 mw/°C
Ambient Operating Temperature Range Ta ~40 to +100 °C
Storage Temperature Tsty -4010 +100 °C
Lead Soldering Temperatuse (2} — 260 °C

Notes: 1. Mecasured with device soldered 1nto a typicat printed circuit board.
2. 5 seconos max, 1 16 inch from case.

an
PHOTOOYNE | TEKTRONIX
100 PHOTODYNE 100 1 METER ol 7908
" EE ueres 1A = o[ YR o 2
r= WITH 350 S ESKA SH4001 A2
[T INTEGRATING Jour OPTICAL | pyg iy
ESKA SHe001 SPHERE WAVEFORM
DUt L‘° a ANALYZER

Figure 1. Power Launched Test Setup Figure 2. Optical Turn-On and Turn-Off Test Setup
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£CTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)
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EL
Characteristic Symboi Min Typ Max Unit ‘1
Reverse Leakage Current (VR = 3 V) g —_ 100 —_ nA
Reverse Leakage Current (VR = 5 V) ] — 10 100 nA
forward Voltage (If = 60 mA) VF - i8 2.2 v
Temperature Coefficient of Forward Voltage AVE _ -2.2 -_ mviK
Capacitance (f = 1 MHz) Cc — 50 -— of
OPTICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)

p‘ Characteristic Squol Min Typ Max Unit
Peak Wavelength (ig = 60 mA) Ap — 660 —_ nm
Instantaneous Power Launched (Ig = 100 mA, Figure 1) PL 200 540 - W
Optical Turn-On Time {Figure 2) ton - 200 - ns
Optical Turn-Off Time {Figure 2} toff - 150 - ns
Half-Power Electrical Bandwidth (1} BWe - 6 - MHZ

(111 = 100 mA pk-pk, 100% modulation.
TYPICAL CHARACTERISTICS
22 . l i
, ! 08
) ~
I 2 08

5l PuLSEONLY -=—-- ! 23

= PULSE OR OC ——— / z |

= J g 05

3 19 T = / \

Ed Uit 5 0%

2 B : EA

§ 18 2 o0e

1

g P% £ o3 [ 1\

= §? £ /

£ L1 e 02
16 asil &

T 1
15 : l l 0
1 10 100 1000 900 640 880 120
Ip LED FORWARD CURRENT (mA) A WAVELENGTH 1nm)
Figure 3. Forward Voltage versus Forward Current Figure 4. Relative Spectral Qutput
1000 — " - 1000 .
—
e >
|—PULSEONLY ==~ -—~— —= < g 100

£ [T—PULSEOROC ~

§ 2 10

2 0 Pt > <

2 5 -

= [} 1 ~

) b — —

F 3 pd g — ESKA SHa001 FIBER P

& 4 g —If = 100 mA PULSED

// S 01 : -
/ o i \‘
10 |
i 0 100 1 20 40 60 8 100 120 a0 60 180 200

Ir. FORWARD CURRENT (mA)

Figure 5. Power Launched versus LED Forward Current

FIBER LENGTH (m)
\

Figure 6. Power Launched versus Fiber Length
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g s .
=
E 180
o
e B
g B 2w
2 ~— z
] - 2
§ 05— NORMALIZED TO E w
|- SN 1Y g
g s
= 2
= g
2 2
£%]
4
& 0
50 -2 ¢ 25 50 15 100 0 20 40 80 80 100
Ta. AMBIENT TEMPERATURE  C) T, AMBIENT TEMPERATURE (C)
Figure 7. Instantaneous Power Output versus Figure 8. Power Dissipation
Ambient Temperature
The system length achieved with a MFOE76 emitter and current (i) and the responsivity of the detector chosen,
various detectors, using 1000 micron core plastic fiber Each detector will perform with the MFOE76 up to the
(Eska SH4001 or equivaient), depends on the LED forward distances shown below.
I 1 i v,
MFQDT1- ] ] l l l_,
< | MFODT2 1
8 [ o073 A ]
g | MFOOTS |
'E" MFOOTY l
&
£ g [ 1
= R MFOD73
L MFOD?5
- MFOD?1 PIN DIODE
= l MFQO71 / MFOD?22 TRANSISTOR
& == MFOD?3 DARLINGTON
MFOD?
g el | MFQD?5 LOGIC
2} MFOD73
MFOD7S
[t} 0 40 60 80 100 20 140 160 180 200 220
1, FIBER LENGTH {METERS)
Figure 9. MFOE?6 Working Distances
CROSS SECTION OF FLCS PACKAGE TERMINATION INSTRUCTIONS
= 1. Cut cable squarely with sharp blade or hot knife.
SLOCKING NOT 2. Strip jacket back with 18 gauge wire stripper to expose
CLADOING 0.10-0.18" of bare fiber core.
/
" DEVICE WACKEM  Auoid nicking the fiber core.
Ve

3. Insert terminated fiber through locking nut and into
the connector until the core tip seats against the
molded lens inside the device package.

Screw connector locking nut down to a snug fit, tocking
the fiber in place.

/1
MOUNTING "/ LENS

HOLE
R
I /Z(
Mounting

..?.. r/{

Figure 10. FO Cable Termination and Assembly
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OUTLINE DIMENSIONS

NOTES:

1. Y AND 2 ARE DATUM DIMENSIONS ANO T 1S A
DATUM SURFACE.

1 POSITIONAL TOLERANCE FOR D @ {2 RU):
Rs cBeon 8TYD 28]

2 FOSIIONAL TOLERANCE FOR ¥ OIMENSION
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fane X | su [ na}ew | 04
BlezswoaS]T[YO[28) U | 1ee | ves | oo | 0065
S POSITIONAL TOUERANCE FOR G 8. 154 85C 0100 85C
Fe oxr0a S T[YD 18] 35 [ ax fop 1 eix
€ POSMORAL TOLERANCE FOR 3 762 | 812 | 000 | 0X0
(A sez000 ©]1] SASC 1 oms
1. DNENSIGNING AND TOLERANCAG PER ANSI Ul o] onom 00k
YIS, 1982 v | s% Iscm [¥L] Igcm
) [ [T 0.200
4 CONTROLLNG DIENSION: INCH X | 1087 | nss | oam | 0455
sMEn
PR 1. ANODE CASE 3638-01
2. CATHOOE PLASTIC
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