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ABSTRACT

The project is about the electrical equipment control system through AC.lin'e.
According or the time set the system controls on and of electrical switch. It transmits acontrol
signal from the transmission line through electrical wires or the receiver in order or decode
signal which control electricity.

Home electrical equipment control system which function as a signal transmission
through AC. line,will be able or control signal from a keyboard,remote control or control through
a telephone, At home ,it can alsocontrol altogether 63 spots rom only one set of the keyboard
which provides an efficiency and convenience for working,In addition,it can control the function

of an air conditioner or work for the temperature required.
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2.3 FSK (Frequency Shift Keying)
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2.1) FM DEMODULATION

Tudauflazinmeiudygyrudayaiinnduang iWiafiniadedenn Tagay

o L %4 d' dl v L 73N ) 7 :’1 L3 [ -; «

vinrrquliasatinaveisaanisiiauliving - dauwFuneasquanutiiunasuuug

wiaRamafilsonig  acudndwd iU Regludoelszanny 260 Knz - 300 KHz
d‘ ) n:l. v z v = 1 1 74

fryryrnuiitiunasquanuiasgnatnamnateedyy sty wiadedeinudng
wammaamiadyyrumnnailagaiduudnnisreanadangl  fyryrnuiidiunis

DEMODULATOR azgndtimudalifiaosssnsesanudsmdon  lagazuiawiaaoad

280 Khz Tellanafinileriauszdadyoyiudiuidngaaas FSK DEMODULATOR saly
2.2) FSK DEMODULATOR

ATty 1uNeanuNIAINNIA FM DEMODULATION Hamiudtyynos FSK

]
- o

Alidnusdryyuniieududynruiiaananainniads nauniasianidigaas Fsk
DEMOOULATOR Taaldlad  xRr-2211 iluvalalunisvinay drynyans Fsk Aazgn
wWagundulhdudyoyrufdnessunn feiredaysitliinainniadisiaiues lag

sindrynrnuddneaiiiliingearnennia augdii 3.10

+5v v INPUT

P
XR2211
sK
21 1sp veo {12

vce
3 R1 RO

2200hn

LOOP | |y i1
478K OETECT n

ERI teax
anMo

4
4.7 sla FSX COMP
~ .08

1uF
f808uF

)

N .
~
‘lLED T
8. 1K

282222 BV A /@ vco

T
DATA tINg 14 T

I

ouTPUT

717 3.10 u8AINAT FSK DEMODULATOR



58

4RINITAUIUTEY XR-2211

(f1 +f2 )/2 Hz

fo
Co = 1/Rgfg ) Hz: (10K < Rg*< 100K)

Cf = 3 /(Baudrate) uF

8 A1 CARBTENINTN 13 URE 11 14

3
5
@]
o
oYY

o

A1 R AABAUET 12 LASRINTIA

) 3
(=)}

Ro

o

-l 1 -l. ' <
Cs AR A1 C NALALIYN 8 LATRINTIIA

v
v (4

: AT,
faiuganrsnAa el adail

Fo = (1200 +2200)/2 = 1700 Hz

Co = 0.027 uF
Rg = 21786 ohm
= 21.786 Kohm
C¢ = 3/1200
= 0.0025 uF

dm¥u Ry 14A1 18 Kohm siaaynsurit VR 5 Kohm



59
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MC145026

Encoder and Decoder Pairs MC145027 .
CMOS MC145028

Thesa davicas are dasigned to be used as encoder/decader pairs in remote on- S 041 342
ro! applications. 8041 343

The MC145025 encodaes nine lines of information and serially sends this informa-
tion upon recat of a ransmit enabie (TE) signal. The nine nes may ba encoded S C41 344
wih trinary data {ow, high, or open) of birary data (low or high), The words are - - -
transmaied twics per encoding sequenca to increase securhy.

The MC145327 cecader recsives the serial stream and interpets five of the trinary
digs as an address code, Thus, 243 addresses are passdle. If binary cata is used

atthe encoder, 22 addresses are possiole: The remaining serial information is inter- P&iﬁ'?;“,

cated as lour 2ks of binary data. The valid transmission outgut (VT) goes high on CASE 643

tha MC145027 when two conditions are mat. First, two addresses musi Be consecuy-

tiveiy recaived (in one encoding sequenca) which both match the local address.

Secand, the 4-bits of data must matsh the last valid data recerved, The active VT

indicates that the rformation at the data output pins has been upcated. 0 Sslgi:ﬂx
The MC145028 decoder treats ail nine trinary digits as an acdress which allows % CASE 7518

15,523 coaes. lf binary data is encoded, S12 codes ara oossicie. Thevaid transmis- )

sion outout (YT} goss high on the MC 145028 when two addresses are consecutively !

received (in ona encoding sequence) which both match the local aadress. OW SUFFIX

s Coeraling Temosrature Range: —40° 2 £5°C SOG

« Very-Low Stand>y Currem for the Encoaar: 300 nA Maximum @ 25°C CASE 751G

* Intedaces with RF, Ukrasonic, or Infrared Moduiators and Democulators

» AC Oscillaioz, No Crystal Required

* High External Component Tolerance: Can Use 5% Companaents

+ Intamal Fower-Oa Resat Farcas All Decoder Quiouts Low e

« For Intrared Appications, See Applications Note AN1016 WRDGARNG INFORMATION

» Ocerating Volags Range: 4.5 10 18 V MC1450257, SC41342P Plagdc OIP

» Law-Vohags Versioas Available — MC1450260.SC413420  SOG Package

$C21342: 2.5 10 18 V Varsion of the MC145026
SC41343: 2.8 10 10 V Version of the MC145027
SCH1344: 2. 810 10 V Version of the MC145028

TMC 1450277, STL1343P Plasic P
MC3450270W, SCLIMIOW SOG Package

MC145028P, ST41344P Plasse DIP
- | MCi450230W, SCL13440V) SOG Package

. FIN ASSIGNMENTS

ath 16 I Voo A1 Qe 1§ Voo A g
2g2 15 {) DATA OUT a2 15 08 221
303 e Qaga 12067 aq
M4 12 R7e M Qe el M
As 5 120 Cre As Qs 120 09 25
2506 08 nias ArgQs . upwvr B
KT qr 13 (] AS09 ¢ g7’ icfRCy ¢
vss 08 1] ABC8 ves d¢ 3 0ATAN Ves
MC145026 MC125328
SCais2 STy
ENCOCEAS 02CZOE3S
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s  Rrc
l Icrc
T o :zT 13
PN
"LBL OSSLLATOR - OATASELECT] 15 0ATA
20 R ouT
__f SusLE OMDER SUFFER
a
¥
sl
i
M
o TRAURY
X DETECTOR
A80%
2107t %
) Vop «PN 16
'y m—“‘gg Vss*PN 8
508 =

Figure 1, MC145026 Encoder Block Diagram

4-DITSHFT REGISTER

3

noR

§0ATA
N

Voo =PIN 15
§ ,ol_?fj_ Ves=PIN®

I

Figure 2. MC145027 Deccder Block Dlagram

MOTOROLA CMOS APPLICATION-SPECIFIC DIGITAL-ANALOG INTEGRATED CiACUITS



MC145026+MC145027+MC145028¢
SC41342¢SC413435C41344

CONTROL, i
LOGKC T
I
[ SECUENCER CRCUT
s 47§ § 43 2 1
' P
a2l 3 SHFT
2 2 g REGSTER
- <
255 DAl 9 pATA
%} EXTRACTOR
i 22 N
re = << [ [ ! ¢
a7 24 b N ? 10 2 Vop = PIN 16
y 0 > L Ay L. vegepmt
a2 = e =
4 <d =
Wi =

Figure 3. MC145028 Decoder Block Dlagram

MAXIMUM RATINGS® (Vehage Referonced 1o Vss)

Symbot | Pacamaetar Yalue Unit
Vop | OC Suopry Voige rescect SC41343, ST41344) 0.5 18 v
Voo | OC Susoy Voimge (ST41343, ST41344 only) 05910 %

Via | OC now Yorace 0.5 Vpo+0.5 | v
Vag 0C Quowt Vottage 0SwvVppdsS | ¥V
tin OC Inowt Current, per Pin =10 mA
‘out | DC Cuwut Curreat, per Pn 210 mA
S5 | Power Oissicaoon, per Package s00 mw
Tsig Strage Jemosrature 351 =150 <
Ty LLeae Temoerawre, 1 mm rom Case for 10 Seconos 269 <

* Mazmmum Ratngs are Mdsa vawes deyond which camage B he osvica may ocaw. Funcuonal
ocoeraton should 68 resTicma 1 e kmits n e Ewctncal Characiacis Scs tabies or Pin Descrio-
TS 33CTAN.

This devica contans protecIcn or-
QY D guarg agawst Camage cue
D high statc volagas of electre
Ralds, However, precausons must
be aken © avod aooicabons of any
voitage Ngher an maxmum rated
volages D Mis high-moedance cir-
cuit. For proper operanon, Vin and
Yeut should be constuned o e

range Vss S (Vin ¢ Yot S YDO.




MC145026*MC145027+#MC145028+
SC41342+SC41343+SC41344

ELECTRICAL CHARACTERISTICS — MC145026, MC145027, MC145028, and SC41342* (Vokage Raterenced b Vss)

Guaranwed Limit
Symbot Chacacterialic Voo ~oc | 1sc s Unit
Win Max Min Max Min Max
vYou Low-Lavel Cutput Voinge 50 - 0.08 — 0.05 — 0.05 v
(Vin = VOO ¢ 0} 10 — Joos | — joos| — | oos
15 — Q.05 - Q.05 _ 0.05
VOH High-Lavel Outout Volage B 5.0 495 —_ 495 —_ 435 — v
(Vin =0 or Vo) 10 9.95 —_ 9.95 — 295 -—
15 14,95 — 14.95 -— 14.95 —_—

ViL Low-Level Input Vohage v
(Vout=4.5x 05V 5.0 -— 1.5 — 1.5 — 1.5
(Vout=9.00c1.09) 10 — | 20 — | 30 — | 30
(Vout = 13.5 or 1.5V) 15 - 10 —_ 0 - 40

ViH High-Level Input Voiage v
(Vo =0.50r4.5V) 5.0 35 - 35 — 35 -

(Voyr = 1.0 or 9.0 V) 10 7.0 — 7.0 7. -
(Voyr = 1.50¢ 13.5V) 15 11 - i - 1 -

loH High-Lavel Output Cuxrent mA

(Vour = 2.5 V) 50 25 | — |2t | - (-7} —
Moyt = 4.6 V) 5.0 -0.52 —_ 0.4 — -~3.36 —
(Vout =9.5V) 10 “13 | = -1l o~ P09 | —

(Veout = 13.5 V) 15 -3 — | <o | — 2.4 -

oL Low-Level Cupw Current mA
Vot = 0.4 V) 50 |os2| — |os | — |03 | —

Vot =0.5V) 10 1.3 - 1.1 £ Q.9 —
(Vo= 1.5V) 15 16 A 3.0 o 24 -

bin Input Current — T2 5.0 - - 3.0 1 - - wA

(MC145026 and SC41342, Pullup Dovica) 10 T4 = 16 | 0 — -
18 —_ — 25 120 —_ -
lin Input Current 15 — | 23| — |03 — |20 | pA
Ag (MC145025 and SC$1342),
Data in (MC 145027, MC145028)
tin input Current pA
1A1-AS, AS/OS—-A/D9 (MC145026 and SC41342), 5.0 —_ -— — +110 - -
A1-AS (MC145027), 2 10 - —_ - 1= - -
A1-A9 (MC145028) 1S — — - =500 L — -
«1000
Cin Input Capacrance (Vi « 0) — — - — 7.5 — - pF
ioo Quigscent Current — MC 145025 end SC41342 50 —_ - - | o1 —_ - | pa
19 = = - 0.2 - —
15 - - - 0.3 - -
Ino Quiescent Current — MC145227, LIC 145028 5.0 — - - 0 - — | e
10 — — -— 100 —_— -
18 - - - 150 - -

lad Oynamic Supply Current — MC 145026 and SC41342 s.0 -— — — 0 - - wA

{fe = 20 kH2) 0 | - - - 00 - -
15 -— —_ - &30 -— -

lag Oynamic Supoly Current — MC145027, MC 145328 5.0 -— -— — 200 — - pA

(te = 20 kH2) 10 — - —~ | &0 - -
15 -_— -— —_ 1200 — -

“Also see next Electical Characensxs ik for 2.5 V spedifications.
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MC145026+MC145027+MC145028¢

SC41342+SC41343+SC41344

ELECTRICAL CHARACTERISTICS — SC41342 (Voltage Refersaced 1 Vgs)

Guafanteed Limit
Symbot Characteristic Yoo —40°C 25°C .35C Unit
v
Hin Max Min { Max Min Mazx
VoL | Low-Level Ot Voltage 25 | ~ |05 | — Joos | — |oos | v
{(Vin « 0 Yer Vpp)
Vo Hign-Lavel Quzut VoRage 25 245 - 245 — 2.45 — v
(Vin=0VerVno)
ViL Low-Lavel Incut Voltage 25 - 03 - 03 — 0.3 v
(Van - 0SVor2.0V) .
ViH High-Lavel nput Voitage 25 2.2 —_ 22 -— 2.2 -_— A4
(Vout = 05 Vor 2.0 V)
loH High-Level Cumout Current 25 0.28 - Q.25 - 0.2 - mA
Vout = 125V)
o Low-Lavel Quput Current 25 9.22 - 02 - Q.18 - mA
Vout = 0.4V} >
lin Input Current (T2 — Pullug Device) 25 — |~ Joos | 18 — - 2A
tin Inout Current (A1-AS, A&DS-AD9) .28 - | = - | s | = - | o
Do Cusescent Cuxrent 25 2 - - 0.05 - - uA
lag l Oynamc Supory Cument (I » 20 kHz) 25 — - — 0 2 - A

MOTOROLA CMQOS APPLICATION-SPECIFIC DIGITAL-ANALOG INTEGRATED CIRCUITS




MC145026°MC145027+MC145028¢
SC41342+5C41343+5C41344

ELECTRICAL CHARACTERISTICS — SC41343 and SCA1 344 (Voltage Raleranced o Vsg)

Guarantsed Umit
Symbol Charsciaristic Veo —40°C © 25ee £5C Unit
Min Max Min Max Min Max
Voo Low-Lavel Ouput Voltage 28 —_ 0.cs -— 0.05 —_ 0.0 v
(Vin =0 V or YOOI 5.0 — Joos | — oes | — |} 005
10 0.05 - 0.05 - 0.05
Voo High-Level Output Yoltage 28 275 —_ 275 275 -— v
Wi =0V Yool SR e -l e i
i Low-Lavel Inpax Voitage v
(Vout=2.3Voc05V) 28 -— 0.84 — 0.84 — 0.84
(Vour = 4.5 Voro.5V) 5.0 - 1.5 - 1.5 —_ 1.5
(Vout =80 Yor10 V) 10 —_ 3.0 —_— 3.0 —_ 30
Vi High-Lavel Input Yoltage v
(Vout =05 Vor23V) 28 1.96 - 196 | — 196 -
(Vout =05 Yor 4.5V} 5.0 35 - 35 - 35 —
(Vout= 3.0 Vor8.0V) 10 70 - 70 - 7.0 —
OH High-Lavel Output Current mA
Vout= 1.4 V) 28 |{0m| — |07 | — |=055] —
Vet =« 4.5V) 5.0 -0.59 - 3.5 — Q. —_
Vout =9.0V) 10 -3 = | -1t 29 | —
oL Low-Lavel Quput Current mA
Ve =04 V) 2.8 035 | — 0.3 024 | —
(Yot = 0.5 V) 50 0.8 - 0.6 - 0.4 -
(Vout = 1.0V} 10 38 —_ 29 - 2.3 -
Y input Cumrent — Dasa n 10 - | =03 - | =03 I 210 | wA
ha nput Curent 2.8 - -_ —_ 230 - _ RA
A-AS (SC41343), 5.0 - — - lae!l — -
AT-A9 (SC41344) 10 - —_ — s — - '
Cm nout Cacacitancs (Vin = 0) — - - — 7.5 —_ — sF
[[ss) Quiescent Current 28 - - - &0 - — wA
\ 5.0 - - - 7S y -
10 — -— — 150 —_ —
laa Dynamic Supply Current 28 — - - 0 - -— 2A
(fe = 20 kH2) s.g - - -_ ‘53:0 - - .
1 -~ — O — —

MOTOROLA CMOS APPLICATION-SPECIFIC
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MC145026¢MC145027+MC145028¢
SC41342¢SC41343+SC41344

SWITCHING CHARACTERISTICS — MC145026, MC145027, }MC145028, and SC41322° (C_ = 50 oF, T = 25°C)

Guarsntred Umit
Symbol Charsctaclstic Yoo Win Max Unait
tTLH. Cutput Transiton Time s.0 - 200 ns
TTHU (Figures 4 and 8) 10 - 100
15 - 80
¥ Datz In Rise Time {Decoders) 59 - 15 ps
(Figues 5) 10 - 15
15 —_ 15
t Data in Fall Time (Decoders) 5.0 -— 18 s
{Fgure 5) 10 - 50
15 - 4.0
lose Encoder Clock Frequency 5.0 0.001 20 MHz
(Figwe 6) 10 0.00t 5.0
15 0.001 10
! Docoder Fraquency (Retersnced o Encoder Clack) 5.0 1.0 240 kH2
(Figure 14) 10 1.0 410
15 1.C 40
W TZ Pulse Width (Encodars) 5.0 83 — ns
(Figure 7) ' 10 0 -—
15 2. —
*Also see next Switcning Characterisdcs tadl tor 25V specificasons.
SWITCHING CHARACTERISTICS — SC41342 (Cy_ = 50 pF, TA = 25°C)
Guaranteed Umit
Symbot Characteristc Yoo Min Mazx Unit
YLH. Qutowt Transiton Time n3 - 450 ns
THL (Figures 4 and 8) !
lose Encoder Clock Fracuency 25 i 10 250 xHz
(Figuxre 8) l
tw TE Pulse Wicth 2.5 l - - nz
(Fiqure 7)
SWITCHING CHARACTERISTICS — SC4£1343 and SC41344 (Ci_= 50 oF, Tp = 25°C)
Gussantesd Umit J
) Symbol Charactaristic Yoo Uln Maz ‘ Unlt
TTLH. Outowt Transibon Time 28 - 22 ng
THL (Figures 4 and 8) 5.0 - 200
10 —_ 100
te Dat ln Aisa Time 28 - 1S us
(Figure 5) 5.0 - 15
10 —_ 15
4 Ca=z In Fail Time 28 — 15 s
(Figure §) 5.0 - 1S
10 _ 5.0
} Oecooer Fraquency {Peleranced b Eacooer Ciock) 2.8 1.0 100 xriz
(Frue 14) 50 .0 2¢0
10 1.0 410

5-23
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X% :
ANY CUTPUT ’ : - ] b
10% — Yoo
__——'1- m -
— TH THL p— DATA N 1% Ves

Figure 4, Figurs 5.
.
} ese J
==\ | Veo
. 1 «o%
RTC 0% l — Vas
. N
T, [ammi ™
Figure 6. Figure 7.
TEST PONT

Test

CUTPUT
DEVCE
UNDER

*NCULLDES ALL PROSE AND JiG CAPACTTANCE.

Figure 8. Tast Clrcuilt
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OPERATING CHARACTERISTICS

MC145526

Tha encadar serially transmits trinary data as defined by the
state of the A1 through AS and ABDS through AS/09 input
pins. Thesa pins may be in either of three states (low, high, or
open) allowing 19,683 possible codas. Thetransmitsequence
is nZiated by 2 low level on the TE inputpin. Eachtime the T2
input is forced low, the encader outputs two idantical data
words. Between the two data words, no signalis sentforthree
data periods., Hf the TE input is ket low, the encoder continu-
cusiy transmits the data word. See Figure 10,

Upon pcwer-uo the MC145026 can continuously transmit
datd 3s long as TE remains low. The device can transmit two-
word sequencas by puising T& low, Howsver, no application
should be designed ta rely upon the first data word ransmitted
after powaer-up, because this fiest word is invalid data.

Each transmitted trinary digt ts encoded into puises (See
Figure 11). A logic zaro (low} is encoded as two consecutive
$ACTIoUISas, 3 logicone (rign) as two consacinive 0ng puisas,
and an cpen (high-impadance) as a tong puise followed by a
short puise. The input state is determined Oy using a weak
“oupUt” gevica 1o try to larcs each mput fiest low, then hign, if
oniy a high stata results from the two tests, the input is as-

sumed to be harcwired to V. only alow state is attained, .

theinoutis assumedto be hardwired 1o Vss. lfbatn a high and
alowcan oe forcad atan input. an coen is assumed and is en-
$5ded as such. The “high” and “low* levels are 70% and 30%
ctthe supply vokage as shawn in the Elearical Charactansucs
Tabie. Tha weak ‘output” devics sinks/sourcas upw 110 pA at
a5 V sucoly level, 500 pA at 19 Viand i mAattsy,

The TE input has an internal pullup cevice so that a simple
switch may be usedto force the inpuilow, Whila TE is high, the
encoder is completely disabled, the osalizior is infubited, and
the current drain is reduced to quiescent cument, YheaTE is
braught low, the oscillator is Starea, and the transmit se-
quencs dbegins. Theinputs are then sequantially selecteq, and
determinatons are made as to the inout logic statas. This in-
farmation is sarially transmitted via the Daxza Ot pin.

McCi4s027

This decoder recaives the serial data from the encodar and
Sutputs the data, if kis valid, The ransmitted data, consistng
of two entical words, is examined bi by bit during reception.
The first tive Vinary digits ars assumedizbethe aadress, lithe
recaived aadress matches the locat address, next four (data)
Sits are internally stored, but are not transferred (o the output
catalaicn. As the second encoded word is teceived, the ad-
¢-ess mus: again match. H a maien ocTurs, the new data bits
arechecked agzinsttne previously stored data bits, If the two
n:obles sf data (four bits each)mawcn, tne catais ransterred o
tha ouw data latch by VT and remains until new ¢zata re-
Places 1. Atthe same time, the VT SUTpUt zin is drought hich
ana remains hign umil an erroris recervea aruntil ng input sig-
ralis recawved fer four data penacs. See Figure 10,

ARhough the adcress information i3y 0@ encadedintrinary,
1@ @aia information must be etner a cne of azero, Atninary
{0pan) gaia line is caccded as a 105:c sne,

-

MC145028

This decoder operates in the same
MC145027 excapt that nine addrass lines are used and no
daia outputis available. The VToutoutis used to indicate that
a valid addrass has been raceived, Far Lansmission s&cumy,
two jaentical transmted words must be consecutively re-
ceiveqg before avalid transmission output {VT) signatis issueq.

The MC145028 allows 19,653 addresses when trinary lav.
ols are used. 512 addresses are passible whan binary eve!s
are used,

manner as (nha

PIN DESCRIPTIONS
MC145026 ENCODER

A1 through A5, A6/D6 through A9/D9 (Pins 1 through 7,
S, and 10) !

These address/data inputs are encoded and thedatais sen:
serially from the encoder via the data out pin,

Rs, Cvc. RTe (Pins 11,12, and 13)

These pins 2ra pact of the escilater section ¢f the encocer,
See Figure 9.

it anexternal signal saurce is used instead of the internal os-
cillator, it should be connected o the Rginputand the ATC anc
C7c pins should ba lekt open,

TE (PIn 14)

This active-low transmit snadls input initiates transmission
when forced low. An internal puilup cavice X8eps this input
normally high. The pullup currentis specified in the Electricat
Charactenistics table.

Data Out (Pin 15)

This is the outpur of the ‘encoder that sarially presents tne
encoded data word.

Vss (Pln 8)

The most-negative supply potential. This PIn is usualy
ground. %
Yoo (Pin 16) :

The most-pasitive pawaer supply pin.
MC145027 AND MC145028 CECODERS

A1 through AS (Pins 1 through §) —
A1 through A3 (Plns 1 througk s, 15,
MC145028

Thess are the local addrass inputs. The states of these pas
musimaten the aopropriate encoder inouts for the VTpinto (-]
high. The local address may be encoded with trinary or binary
data.

MC145027
14,13, and 12) —

D5 through D9 (Pins 1§, 14, 13, and 12) - MC145027
ONLY

Thesa outow:s presant the birary informatian thazis an Site
cadar inouts A8/Cs theaugh A3.03, Oanly OiNnary gaia is ag-
knowisdgeq; a trinary open 2t tne MC3 45026 encoger is ge-
€2dec as a high lavel {legic 1.

MOTOROLA CMOS APPLICATION-SPECIFIC DIGITAL-ANALOG INTEGRATED CIRCUITS
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SC4134205C41343+5C41344

Ry, C1 (Pins §, 7}

As shown in Figures 2 and 3, thasa pins acceot a rasistor
and capacitor that are used 1o determine whether 2 namow
puise or wide pulse has boen received, The lime constant Ry x
Cy should be set 1o 1.72 encoder ciock pariods:

Ay Cy =3.95 RTCc CTC-

R2C2 (Pin 10} .

As shown in Figures 2 and 3, this pin accepts a resistor and
capacitor that are used to detect bath the end of a received
word ana tha end of a ransmission. The time comtant R2x C2
should be 33.5 encodar ciock periods (four data parods per
Figure 11): R2 C2 = 77 ATc CTC. Thistime contant s usedto
determine whathar the da in pin has ramained tow far four
data periods (end of transmission). A separata on-chip
comparator looks at the vokage-equivalent two data pariods
{0.4 Rz C2) to datect the dead timae batween received words
within a transmission.

YT (Pln 11)

This valid transmissioa output gaes high after the second
word of an encading sequence whaen the following canditions
are satisfied:

(1)the received addrasses of both words maten the iocalde-
coder addrass, and

(2) the recsived data bdas of both words match.

VT remains high uatil s3her a mismaich is received or no in-
put signal is recaived for four data pariods.

Vss (Pin 8)

The most-negative supply potential. This pin is usuvally
ground.

Yoo (Fin 16)
The most-posiive power supply pin.

EMASLE

This oscillator oparates at a frequency determined by the
axtecnal RC network; Ls.,

3
'*Zsmcore
for 1 kHz < f S 400«HZ
whare: CTC' = CTC + Clayout + 12 pF

Rg =2RTC
Rg 220k
RTCc 210K
400 pF < CTC < 15 WF

The value far Ag should ba chosen to be 2 2 times ATC.
This range ensures that currant through Ag is insigniicant
comparedtocurenttnrough RTC. The upperlimitfor Rg must
ensure that B x 5 pF (inpwt capacitance) is smail compared
o RTcx CyC

For requancies outside the indicated range, ine formulais
less accurate. The minkmum reccmmaendad osciflation tra-
quency of this drcut is 1 kKHz. Susceoptibility to extemally in-
ducsd noise signals may occur for fraquancias osow 1 kHz
and/or when rasistors utiized are greater than 1 MQL

Figure 9, Encoder Oscillator Information
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DISASLE VT
ON THE 1ST
ADDRESS MISMATCH

OtSASLE VT
ON THE 1ST
OATA MISMATCH

O1SABLE
\

Flgure 12, MC145527 Fiowchart

MOTOROLA CMOS APPLICATION-SPECIFIC QIGITAL-ANALOG INTEGRATED CIRCUITS



- e

i | PUNVLO™

SC41342¢SC41343+SC41 344

DISASLE YT ON THE 1ST
| - JODRESS MISMATCH
AND IGNORE THE REST
OF THIS WORD

ACTIVATE VT

OISABLE VT

Figure 13, MC145028 Flowchart

MOTOROLA CMOS APPLICATION-SPECIFIC DIGITAL-ANALOG INTEGRATED CiACUITS

629



MC145026°MC145027+MC145028+
SC41342+5C41343+SC41344

.

APPLICATIONS INFORMATION

Infrared Transmitter

In Figure 16, the MC145028 encoder is seilo runatanoscil-
fator frequency of abaut 4 kHz 0 9 kHz. Thus, the timae re-
quited for a complate two-word enceding sequence is about 20
ms 10 40 ms. The data output from the encader gates an RC
oscillator running a2 50 kHz; the asdillator shown starts rapidly
enough to be used in this application. When the "sand” button
is not deprassad, bath the MC145026 and ascillator are in a
low-power standoy state. The RC escillatorhas ta be timmed
for 50 kHz and has soma drawbacks for frequsncy stability, A
suparior system uses a caramic rasonator oscillator running at
400 kHz. This ascillatorfaads a divider as shawn in Figure 17,
The unused inputs of the MC14011U8 must ba grounded.

The MLEDS1 IRED is driven with the 50kHz square wave at
abaut 200 mA to 300 mA to gengrate the carriar, it desired, 2
IREDs wired in saries can be used. (Sae Application Note
AN1016 for more infarmaton.) The bipolar IRED switch shown
in Figure 16 offers two advaniages over a FET. First. a logic

FET has 100 much gate capacitancs fo¢ the MC14011UB o+

drive without waveform distontion, Secaad. the bipolar drive
parmits lower supply voages, which are an advantage in por-
table battery-powersed applications.

Tha configuration shawn in Figure 16 operates over asupply
range of 4.5 V1o 18 V. A low-voltage system which cperates
cown to 2.5 V cauld be raaiized if the SC41342 (the low-voit-
agaversion ot the MC145026)is useainlieu of the MC145028.
The oscillator secuon of a MC74HC4063 is used inplace of the
MC14011U8. The data output of the SC41342 is inverted ana
fed to the reset pin of the MCT74HC2060. ARernately, the
MC74HCUGL could be usad for the oscillzor.

Information onthe MC14011U8 is in boak number OL131/0.
The MC74HCUOG4 and MC74HC+060 are found in book num-
ber DL129/D.

Intrared Recalver

The receiver in Figure 18 coucies an IH-sansitive dicde to
input preamp Af, loflowed by bandoass ampiiier A2 with a
gain of abowt 10. Umiing stage A3 fallows, with an outout cl
about 80C mVp-p. The limited 50 kHZ murst is detected by
comparator A4 that passes only posaive puises. 3nd

sear-catectad and fitarad by 3 dicds/RC natwork 12 axiract
tha data envelope frem the burst. Comparator AS boes:s the
signalto logic leveis compatie wih the MC145027/8 data in-
put. The data in pin of thesa gecoders is a standard CMOS
high-impedance input which must NOT be allowed to float.
Tharefore, direct coupling from AS ta the decodar input is uti-
lized.

Shialding should ba used on at least Al and A2, with good
ground and high-sensitivity circuit layout techniques applied.

For oparation with supplies higher than 45 V, limiter Ad's
casitive output swing needs to be limitedte 3Vio 5 V. Thisis
accomplished via adding a2 zener diode in the negative
{eedback path, thus avoiding excassive system noise. The
Biasing resistor stack should be adjusted suchthatV3is 125V
to1.5V.

This system works up to a range of 2bout 10 meters. The
gains of the system may be adjusted to suit the indivicual de-
sign needs. Tha 100 Q resistar in the emater of the first
2N3088 and the 1 kS resisior taeding A2 may ba aitered i
diferant gain is required. Ingeneral, more gain does nat nec-
essacily rasult in increased range. This is dua to noisa flcar
limitations. The designer should increase transmiter power
and'or increase recsiver apecrature wah fresnal leasing to
greatly improve ranga. See aoplications note AN1016 far ag-
ditional intormation.

Information on the MC32074 is n data book OL128/D.

Trinary Switch Manufacturers

Midland Ross—Electronic Cannector Div.
Greyhill

§17/491-5400
312/354-7804C
AugavAlcoswitch 8617/685-4371
Arias Elactronics 201/935-3341

The above campanies may not have the switches in a DIP,
Fae more inlo, call them or coasult EEM or Gold Boak. Ask for
SPOT with center OFF,

Allarnative: A SPST caa be placed in sarias batween a
SPOT and the Encader o Decader to achieve trnary acuon.

Motorola cannot recammend oné suogiier aver anoiner and
in no way suggasts that this is a ccmolete lisiing.ot tinary
switch manufaciurers.
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XR-2206

Monolithic Function Generator

GENERAL DESCRIPTION

The XR-2206 Is a monolithic function generator Inte-
grated circuit capable ol producing high quality sine,
square, triangle, ramp, and pulse waveforms of high-
stability and accuracy. The output wavelorms can be
polh amplitude and frequency modulated by an exter-
nai vonagé. Frequency of operation can be selected
externally over a range ol 0.01 Hz to more than 1 MHz.

The circuil is ideally suiled tor communications, instry-
mentation, and function generator applications requir-
ing sinusoidat tone, AM. FM, of FSK generation. It has a
typical dritt specification ol 20 ppm/°C. The oscillator
frequency can be linearly swept over a 2000:1 frequen-
¢y range, wilh an external control voltage, having a
very small affect on distortion.

FEATURES

Low-Sine Wave Distortion
Excellent Temperature Stability
Wide Sweep Range
Low-Supptly Sensitivity

Linear Amplitude Modulation
TTL Compatible FSK Controls
Wide Supply Range

Adjustable Duty Cycle

0.5%, Typical
20 ppmi°C, Typical
2000:1. Typical
0.01%V, Typical

10V to 26V
1% 10 99%

APPLICATIONS

‘Wavelorm Generalion
Sweep Generation

AMIFM Generation

VIF Conversion

FSK Generation
Phase-Locked Loaps (VCO)

ABSOLUTE MAXIMUM RATINGS

Power Supply 26V
Power Oissipation 750 mwW

Derate Above 25°C 5 mwi/°C
Total Timing Current 6 mA

Storage Temperature -85°C lo +150°C

MULT. QUT

CAPACITOR

OUTPUT

FUNCTIONAL BLOCK DIAGRAM

AM
INPUT
SYMMETAY
ADJ.

~~ OR &~

MULTIPLIER
ANOQ

2] 2] [zl
L

SINE
SHAPER

WAVEFORM
ADJ.

+Vee

TIMIEG

GRQUND

SYNC
QUTPUT

r’ 7 ==t 8YPASS
TRING E
RESISTORS CURAENT £s
K
‘ 8 SWITCHES INPUT
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ORDERING INFORMATION

Part Number Package Operating Tampsarature
XR-2206M Ceramic -55°C lo +125°C
XR-2206N Ceramic 0°Cto +70°C
XR-2206P Plastic 0°Clo +70°C
XR-2206CN Caramic 0°C to +70°C
XR-2206CP Plastic 0°Clo +70°C

SYSTEM DESCRIPTION

The XR-2206 is comprised of four functional tlocks; a
voltage-controlled oscillator (VCO), an analog multiplier
and sine-shaper; a unity gain buffer amplifier; and a set
of current switches.

The VCO actually produces an cutput lrequency pro-
portional to an input current, which is produced by a re-
sistor from the timing terminals to ground. The current
swilches route one of the timing pins current 1o the
VCO controlied by an FSK Input pin, to produce an out-
pul frequency. With two liming pins, two discrete outout
frequencies can be independently produced for FSK
Generalion Applications.
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ELECTRICAL CHARACTERISTICS

Test Conditions: Test Clrcuit of Figure 1, vt = 12V, Tp = 25°.C = 0.01 pF Ry =

unless otherwise specified. Sy open for triangle, closed for sine wave.

100 k0, Ry = 10 kO, R3 = 25 kA

XR-2206M XR-2206C . ]
PARAMETERS MIN | TYP | MAX | MIN ] TYP | MAX | UNITS CONDITIONS
GENERAL CHARACTERISTICS
Single Supply Voltage 10 26 10 26 v
Split-Supply Voltage +5 £13 1 %5 +13 v
Supply Current 12 17 14 20" mA Ry z10kQ
OSCILLATOR SECTION
Max. Operating Frequency 0.5 1 0.5 1 MHz {C = 1000pF Ry = 1kQ
Lowes! Practical Frequency 0.01 0.01 Hz C =50uF Ry =2MAQ
Frequency Accuracy 1 +4 =2 % ot fgl fg = 1UR4C
Termperature Stability £10}| £50 20 ppm/*C [ 0°C s Tp s 70°C,
Ri = Ro =20k 0
| Supply Sensitivity 001 | 0.1 0.01 YN Viow = 10V, VHIGH =
: 20v,
Ay = Ay = 20k Q
Sweep Range 1000:11] 2000:1 2000:1 H=IL |H @ Ay = 1kQ
iL@Ry =2M0
Sweep Linearily
10:1 Sweep 2 2 % f = tkHz, fy = 10 kHz
1000:1 Sweep 8 8 % L = 100 kHz. fjy = 100
kHz
.| FM Distortion 0.1 0.1 % = 10% Deviation
Recommended Timing
Components
Timing Capacitor: C 0.001 100 | 0.001 100 uF See Figure 4.
Timing Resistors: 1 2000 1 2000 kQ
Ry & Rg
Triangle Sine Wave Qutput See Note 1, Figure 2
Triangle Amplitude 160 160 | mvik Q | Figure 1, Sy Open
Sine Wave Amplitude 40 60 80 60 mV/k @ | Figure 1, Sy Closed
Max. Qutput Swing 6 6 V pp
Qutput impedance 600 600 Q
Triangle Linearity 1 1 %
Amplitude Stability 0.5 0.5 dg For 1000:1 Sweep
Sine Wave Amplitude 4800 4801 ppm/°C | See Note 2.
Stability
Sine Wave Oistortion
Without Adjustment 2.5 2.5 % Ry =30k
With Adjustment 0.4 1.0 Q.5 1.5 % See Figures 6 and 7.
Amplitude Modulation
Input Impedance SO 100 50 100 k
Modulation Range 100 100 Ya
Carrier Suppression 53 55 a8
Linearity - 2 2 % For 95% modulation
Square-Wave Output
Amplitude 12 12 Vp-p |Measured at Pin 11,
Rise Time 250 250 nsec |Ci_ = 10pF
Fall Time S0 S0 nsec |C_ = 10pF
Saturation Voltage 0.2 0.4 02 | 06 v I = 2mA
Leakage Current 0.1 20 0.1 100 nA Viy = 26V
FSK Keying Level (Pin 9) 0.8 1.4 2.4 0.8 1.4 2.4 \ See section on circuit
cantrols
Lﬂeference Bypass Voitage 2.9 3.1 3.3 2.5 3 3.5 v Measured at Pin 10,

Nots 1: Output amplitude is directly proportionat to the resistance. A3, on Pin 3. See Figure 2.
Note 2; For maximum amplitude stability, R3 should be a positive temperature coeilicient resistor.
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T

Figure 9. Clrcuit Connection for Frequency S;vuep.
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Fruqusncy-Shlh Kaying:

The XR-2206 can be operated with two separate liming
resistors, Ry and Ry, connected 1o the timing Pin 7 and
8. respectively, as shown in Figure 12. Depending on
the polarity of the logic signal at Pin 9, either one of the
other of these timing resistors is activated. If Pin 9 is
open-circuited or connected to a bias voitage =2V, only
Ay is activated. Similarly, if the voltage levet at Pin 9 is
<1V, only R2 is activated. Thus, the output lrequency
can be keyed between two levels, I and {9, as:
14 = WYR4C and I3 = 1/AZC

For split-supply operation, the keying voitage at Pin 9 is
relerenced to V=

Qutput OC Level Control:

The dc tevel at the output (Pin 2) is approximately the
same as the dc bias at Pin 3. In Figures 10, 11 and 12,
Pin 3 is biased midway between V+ and ground, o
give an outgut dc level of =V*/2

APPLICATIONS INFORMATION
Sine Wave Generation
Without Extarnal Adjustment:

Figure 10 shows the circuil connection for generating a
sinusoidal outout irom the XR-2206. The potentiometer,
Ry at Pin 7, provides \he desired frequency tuning. The
maximum output swing is greater than V+12, and the
typical distortion (THD) is <2.5%. If lower sine wave
distortion is desired, additional adjustments can be pro-
vided as described in the foliowing section.

The circuit of Figure 10 can be converted to splil-supply
operation, simply by replacing all ground connections
with V— . For split-supply operation, Rg can be directly
connected 1o ground.

With External Adjustment:

The harmonic content of sinusoidal outpul can be re-
duced to =0.5% by additional adjustments as shown
in Figure 11. The potentiometer, Ra. adjusts the sine-
shaping resistor. and Ry provides the fine adjustment
{or the wavelorm symmetry, The adjustment procedure
is as follows:

1. Set Rg at midpaint, and adjust Rp for minimum
distortion.

2. With Rp set as above, adjust Rg to further reduce
distortion.

Triangle Wave Generation

The circuits of Figures 10 and 11 can be converted to
triangle wave generation, by simply open-circuiting Pin
13 and 14 (l.e.. Sy open). Amplitude of the triangle is ap-
proximately twice the sine wave output.
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Figure 12 shows the circuit connection for sinusoidal
FSK signal ope-ation. Mark and space {requencies can
be independently adjusted, by the choice of timing re-
sistors, Ry and Ry the output is phase-continuous dur-
ing transitions. The keying signal is appiied to Pin 9. The
circuit can be converted to split-supply operation by
simply replacing ground with V=, '

FSX Ganeratlon

Pulse and Ramp Generation

Figure 13 shows the cireuit for pulse and ramp wave-
form generation. In this mode of operation, the FSK key-
ing terminal (Pin 9) is shorted to the square-wave output
(Pin 11), and the circuit automatically frequency-shift
keys itsell between two separate !requencies during
the positive-going and negalive-going output wave-
forms. The pulse width and duty cycle can be adjusted
from 1% to 99%, by the choice of Ry and Rg. The val-
ues of A4 and Rp should be in the range of 1 k1102
M.

PRINCIPLES OF OPERATION
Description of Controls

Frequency of Operatien: .
The Irequency of oscillaticn, [, is determined by the ex-
ternal timing capacitor, C, across Pin 5 and 6, and by
the timing resistor, R, connectled to either Pin 7 or 8,
The frequency is given as:

|

!o=h—c-:Hz

and can be adijusted by varying either R of C. The rec:
ommended values of R, for a given Irequency range, as
shown in Figure 4. Temperature stability is optimum lor
4 %0 < A < 200 k1. Recommended vaiues of C are
{rom 1000 pF to 100 uF.

Frequency Swesp and Modutation:

Frequency ol oscillation is proportional ta the totat tim-
ing current, Iy, drawn from Pin 7 or 8:

320 I7 (imA)
C {uF)

Timing lerminals (Pin 7 of 8) are low-impedance points,
and are internally biased at + 3V, with respect to Pin 12.
Frequency varies linearly with IT, over a wide range of
current values, from 1 pA to 3 mA. The frequency can
we controlled by applying a control voltage, Ve, to the
aclivated timing pin as shown in Figure 9. The {requen-
cy of oscillation is related to Vg as:

[ = _1_.1+i(1_.\£Q_)Hz
RC  Ac 3
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where Vg Is In volts. The voltage-to-frequency conver-
sion gain, K, Is given as:

0.32
K = MRAVC = -~ IS Hyv
RcC

CAUTION: For salety operation of the circuit, Iy
should be limited to <3 mA.-

Output Amplitude:

Maximum output amplltude is inversely proportional to
the external resistor, Ra, connected to Pin 3 (see Figure
2). For sine wave output, amplitude is approximately 60
mV peak per k2 of Rg; for triangle, the peak amplitude
is approximately 160 mV peak per kf1 of Ra. Thus, lor
example, A3 = 50 kil would produce approximately
+ 3V sinusoidal output amplitude.

Ampltude Modulation:

Output amplitude can be modulated by applying a dc bi-
as and a modulating signal to Pin 1. The internal imped-
ance at Pin 1 is approximately 100 k2. Output ampli-
tude varies finearly with the applied voltage at Pin 1, for
values of dc bias at this pin, within + 4 volts of V*+/2 as
shown in Figure 5. As this bias level approaches V+/2,
the phase of the output signal is reversed, and the am-
plitude goes through zero. This property is suitable for
phase-shift keying and suppressed-carrier AM genera-
tion. Total dynamic range of amplitude modulation is ap-
proxirmately S5 dB.

CAUTION: AM control must be used in conjunction
with a weil-requlated supply, since the output amplitude
now becomes a function of V+.

' Yr
4
INT NV,
REQ. R Z
vy &
kvz . |
2 '
6 s
.
v
DA L
Y (4 T 10
\r_{ lo—f go— "
7
-
A

I

EQUIVALENT SCHEMATIC DIAGRAM
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XR-2211

ESK Demodulator/Tone Decoder

GENERAL DESCRIPTION

The XR-2211 is a monolithic phase-locked loop (PLL)
system especiaily designed for data communications. It
is particularly well suited tor FSK modem applications.
It operates over a wide supply voltage range of 4.5 lo
20V and a wide frequency range of 0.01 Hz to 300 kHz.
It can accommodate analog signals between 2 mV and
3V, and can interface with conventional OTL, TTL, and
ECL logic families. The cireuit consists of a basic PLL
for tracking an input signal within the pass band, a
quadrature-phase detector which provides carrier de-
tection, and an FSK voitage comparator which provides
FSK demodulation. External components are used to in-
dependently set center {requency, bandwidth, and out-
put delay. An internal voltage reference proportional to
the power supply provides ratio metric operation for low
system performance variations with power supply
changes.

The XR-2211 is available in 14 pin DTL ceramic of plas-
lic packages specified for commercial or military tem-
perature ranges.

FEATURES

0.01 Hz to\300 kHz
4.5V 1020V

Wide Frequency Range

wide Supply Voitage Range
DTUTTUECL Logic Compatibility
FSK Demodulation, with Carrler Detection

Wide Dynamic Range 2mVito3Vrms
Adijustable Tracking Range (£1% o +80%)
Excellent Temp. Stavility 20 ppm/°C, typ.

APPLICATIONS

FSK Demodutation
Data Synchronization
Tone Decoding

FM Datection
Carrier Detection

ABSOLUTE MAXIMUM RATINGS

Power Supply 20V
Input Signal Level 3V rms
Powsr Dissipation
Ceramic Package 750 mW
Qerate Above To = +25°C & mVI°C’
Plastic Package
Derate Above T = +25°C 5.0 mWI°C
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FUNCTIONAL BLOCK DIAGRAM
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QROERING INFORMATION

Part Number Package Qperating Temperature
XR-2211M Ceramic ~55°Cto +125°C
XR-2211CN Ceramic 0°C to +70°C
XR-2211CP Plastic 0°C to +70°C
XR-2211N Ceramic ~40°Cto +85°C
XR-2211P Plastic ~40°C to +85°C

SYSTEM DESCRIPTION

The main PLL within the ¥R-2211 is constructed from
an input preamplifier, analog multiplier used as a phase
detector, and a precision voltage controiled osclilator
(VCO). The preamplilier is used as a limiter such that in-
put signals above typicaily 2MV |MS are amglified to a
constant high level signal. The multiplying-type phase
detector acts as a digital exclusive or gate. Its outpul
(unfiltered) produces sum and difference frequencies of
the input and the VCO oulput, finput + finput (2f input)
and f input - { input (0 Hz) when the phase detector out-
put to remove the “sum” frequency companent while
passing the dilference (DC) component 1o drive the
VCO. The VCO Is actually a current controlled oscillator
with Its nominal input current (lg) setby 2 rasistor (Rq)
to ground and ils driving current with a resistor (R1)
trom the phass detector.

The other sections of the ¥R.2211 act to: determine if
the VCO s driven above or below ihe center frequency
(FSK comparator); produced both active high and active
low outputs lo indicate when the main PLL Is in lock
(quadrature phase detector and lock detector compara-
tor).
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ELECTRICAL CHARACTERISTICS
Tast Conditlons: Test Clrcuit of Figure 1,V+ = V=
AL = 4.7 kM. Binary Inputs grounded S¢ and Sg closed, unless otharwise specilied.

=6V, TA =

+25°C,C =

. 5000 pF. Ry =

Rz = R3 = Rg = 20kQ,

XR-2211/2211M XR-2211C
PARAMETER MIN [TYP |MAX | MIN TYP lMAX UNITS CONDITIONS
GENERAL
Supply Voltage 4.5 20 4.5 20 \
Supply Current 4 7 S 9 mA Rg = 10 kM. See Fig. 4
OSCILLATOR SECTION
Frequency Accuracy +1 +£3 +1 % Deviation from tg = 1/RaCq
Frequency Stability . = 112
Temperature +20 | =50 +20 ppmi°C | See Fig. 8.
Power Supply 0.05 0.5 0.05- YoV v+ = 12+ 1V, See Fig. 7.
0.2 0.2 Yo N v+5 + 0.5V. See Fig. 7.
Upper Frequency Limit 100 ]300 300 kHz Ag = 8.2k, Cg = 400 pF
Lowest Praclical
Operating Frequency 0.01 0.01 Hz Rg = 2MQ, Cog = SO uF
Timing Resistor, Rg See Fig. 5.
Operating Range 5 2000 S 2000 kQ
Recommended Range 15 100 15 100 kQ See Figs. 7 and 8.
LOOP PHASE DETECTOR SECTION .
Peak Output Current +150| +200| +£300§ =100 £200} £300 nA Measured at Pin 11,
Qutput Offset Current =1 =2 pA
OQutput impedance ' I MQ
Maximum Swing =4 +5 +4 =5 v Referenced to Pin 10.
QUADRATURE PHASE DETECTOR Measured al Pin 3.
Peak Output Current 100 | 150 150 #A
Qutput Impedance 1 1 M0
Maximum Swing 11 " vV opp
INPUT PREAMP SECTION Measured at Pin 2.
input Impedance 20 20 k@
Input Signal
Voltage Required to
Cause Limiting 2 10 2 mv
rms
VOLTAGE COMPARATOR SECTIONS y
lnput Impedance 2 2 M Measured at Pins 3 and 8.
Input Bias Current 100 100 nA c
Voltage Gain 55 70 S5 70 d8 L= 5.1k
Qutput Voltage Low 300 300 mv Ic = 3mA
Qutput Leakage Current 0.01 0.01 pA Vo = 12V
INTERNAL REFERENCE
Voltage Level 4.9 5.3 5.7 475 | 5.3 |5.85 ) Measured at Pin 10.
Qutput Impedance 100 100 1}

1-24




Ralerancs Voltags, Vg (Pin 10): This pin is internally biased
at the reference voltage lavel, VR: VR = V+/2 - 650
mV. The dc voltage tevel at this pin forms an internal
relerence for the voltage levels at Pins 5, 8, 11 and 12.
pin 10 must be bypassed o ground with a 0.1 pF ca-
pacitor lor proper operation ol the circuit.

OATA
FWTER rax

r‘té:

comP,
LOGX OCTECT LOCK OETECT
mren (-1

Loor
FLTIEA

MPuUT

LOCK 0€TECT
QuUTPUTS

Flgure 1. Functianal Black Dlagram of 3 Tone and FSK

Decodlng System Uslag XR-2211

Loap Phass Datector Qutput (Pin 11): This terminal provides
a high impedance output for the loop phase detector.
The PLL loop lilter is {ormed by Ry and Cy connecled
to Pin t1 (see Figure 2). With no input signal, or with no
phase errof within the PLL, the dc levet at Pin 11is very
nearly equal lo VR. The peak voltage swing available at
the phase detector oulpul is equal to £ VR.

LocK oeiteT
QutPUTS

Figure 2. Generalizad Clreut Connaction for FSX and Tona
Datection

VCO Coatrol Ingut (Pin 12): VCO [ree-running frequency is

determined by external timing resistor, RQ. connected

from this terminal to ground. The VCO free-running ire-

quency, [g, is:

Hz

o =
0 BoCo

where Cq is the timing capacitor across Pins 13 and 14.

For optimum temperature stability, Rg must be in the

range of 10 KQ to 100 K0 see Figure 8).
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This terminal is 5 low impedance point, and Is internally
biased at a dc level equal to VR. The maximum timing
current drawn from Pin 12 must be limited to =<3 mA for
proper operation of the circuit.

VCO Timing Capacttor (Plns 13 and 14): VCO frequency is
inversely proportional to the external timing capacitor,
Co. connected across these \erminals (see Figure S).
Co must be nonpotar, and in the range of 200 pF 1o 10
uF.

yCO Frequency Adjustment: VCO can be fline-tuned by
connecling a potentiometer, Rx, in series with Rg at Pin
12 (see Figure 9).

VCO Free-Runaing Frequsncy, fg: XR-2211 does not have a
separate VCO output terminal. Instead, the VCO out-
puts are internally connected to the phase detector
sections of the circuil. However, for set-up or adjust-
ment purposes. VCO free-running {requency can be
measured at Pin 3 (with Cp disconnected), with no in-
put and with Pin 2 shorted to Pin 10.

DESIGN EQUATIONS

(See Figure 2 for definition of componen'ls.)
1. VGO Center Frequency, fg:

ig = 11B0Co Hz

2. Internal Relerence Voltage, VR (measured al Pin
10):

Vg = V+/2-650 mY
3. Loop Low-Pass Filter Time Constant,
r = R1Cy

4. Loop Damping, {":

/ Co
= 1/4 —_—
¢ S

5. Loop Tracking Bandwidth, =allfg:

alifg = Ro/Ry
rmacawd
F—'”"""_q
o —t—1
A " - " .
6. FSK Data Fiiter Time Constant, rF:
+F = ReCr

7. Loop Phase Detector Conversion Gain, Ka: (Ké is
the dilterential dc voltage across Pins 10 and 11,
per unit of phase error at phase detector input):

Ké = 02Vp/x volts/radian

8. VCO Conversion gain, Ko: (Ko is the amount of
change in VCO [requency. per unit of dc voitage
change at Pin 11):.

Kg = - 1VRCoR1 Huvolt
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9. Total Loop Gain, KT.
KT = 2xKeéKg = <¢/CqRy radisecivolt
10. Peak Phase Detector Current ia:

la = VR (voits)25 mA

APPLICATIONS INFORMATION
FSX DECODING:

Figure 9 shows the basic circuit connection for FSK de-
coding. With relerence to Figures 2 and 9, the funce-
lions of external companents are defined as [ollows: Rg
and Cq set the PLL center frequency, Ry sets the sys-
tem bandwidth, and C1 sels the loop filter time con-
stant and the loop damping factor. Cg and R lorm a
one-pole post-detection filler {or the FSK data output.
The resistor Ag (= 510 K0 from Pin 7 to Pia 8 intro-
duces positive {feedback across the FSK comparator to
tacilitate rapid transition between output logic states.

Recommended component values for some of the most
commonly used FSK bands are given in Table 1.

Oaslgn Instructions:

The circuit of Figure 9 can be tailored for any FSK de-
coding application by the choice of five key circuit com-
ponents: Rq, Ay, Cg, Cy and Cg For a given set of FSK
mark and space frequencies, {1 and f, these parame-
ters can be calculated as follows:

a) Calculate PLL center Irequency, Ig:

o=t
2
b) Choose value of timing resistor Rg, lo be in the
range of 10 Kf2 to 100 K. This choice is arbitrary.

L — TO PHASE
OETECTOR

L

VmeEr AAA~
= Ve 70K

i

10K
VINMINIMUM - V& [

t 28 mv
{PEAK) Py » :m(]

Figure 3. Desensitizing Input Stage

The recommended value is Rg = 20 KQ. The linal
value of Rq is normally fine-tuned with the series po-
tentlometer, Ry. ’

¢) Calculate value of Cg lrom design equation (1) or
from Figure 6;

Co = 1/Rplp

d) Calculate Ry to give a &l equal to the mark space
deviation:

Ry = Rollo/ly =12)}

e) Calculate Cy to set loop damping. (See design equa-
tion No. 4.}

Normally, { =~ 1/2 is recommended.
Then: Cy = Cp/d lor ¢ = 172
f} Calculate Dala Filter Capacitance, Cg:

For Rg = 100 KN, Rg = 510 KQ. the recommended
value of Cg is: )

Cg = 3/(Baud Rate) uF

Note: All calculated component values except Rg can
te rounded {o the nearest standard value. and Rg can
be varied 1o fine-lune center frequency, through a se-
ries potentiometer, Ry. {See Figure 9.)

0
15
H
;- Rgasktr |1
H
£ 16
[
» L1
: A
S [T Ag = 10K
B / {1
. 1/ " _/»-/“L/
[ =1
S e D
L]
‘ [ [l " 12 14 1. " ™M o e

SUPPLY YOLTAGE, Vo (YOL IS}

Figurs 4. Typical Supply Currant vs V+ (Lagic Qutputs
Open Clrcuited)
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Dasign Exampla:

75 Baud FSK demodulator with mark space
frequencies of 1110/1170 Hz:

Step 1: Calculate {g: g (1110 + 1170) (1/2) =
1140 Hz .

Step 2: Choose Rg - 20 K0 (18 KQ lixed resistor in
serles with 5 K@l potentiometer)

Step 3: Calculate Cq from Figure 6: Cg = 0.044 uF
Slep 4: Calculate Ry: Ry = Rq (2240/60) = 380 K
Step 5: Calculate Cy: Cy = Co/4 = 0.011 pF

Note: All values except Rg can be rounded lo nearest
standard vaiue.

Table 1. Recommendad Componsnt Values for
Commonly Used FSK Bands.
{Sas Clrcult of Flgure 9.)

FSK BAND COMPONENT YALUES

300 8aud Co = 0.039 pF Cg = 0.005 uF
{1 = 1070Hz | Cy = 0.01 yF Rg = 18KQ
Fp = 1270 Hz | Ry = 100 KR

300 Baud Co = 0.022 ygF Cg = 0.005 pF
fy = 2025 Hz | Cy = 0.0047 uF Rg = 18 KQ

p = 2225 Hz | Ry = 200 K1

1200 Baud Co = 0.027 pF Cg = 0.0022 xF
f{ = 1200 Hz |Cy = 0.01 uF RAg = 18 KD

o = 2200 Hz | Ry = 30KQ

FSX DECODING WITH CARRIER DETECT:

The lock detect section of XR-2211 can be used as a
carrier detect option, lor FSK decoding. The recom-
mended circuit connection for this application is shown
in Figure 10. The open callector lock detect output, Pin
6. is shorted to data output (Pin 7). Thus, data output

a7 v

iy >

Tt uE 1 1 vco
rsx AMELTUNE
nouT °_‘”"—C
3A.7714
co a0 &
:) 01 i
s % ’ .,
7
. S1axt
OATA OUTPUT

—
Cr

Figurs 10. External Connectors for FSX Demodulation with
Carrier Datect Capabdliity

Nota: Data Qutput Is ““Low’'* When No Carrlar Is Prasant,
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will be disabled at "low" stale, untll there is a carrier
within the detection band of the PPL, and the Pin 6 out-
put goes “high,” to enable the data output.

The minimum value of the lock detect filter capacitance
Cp s inversely proportional to the capture range,
afe. This is the range ol incoming frequencles over
which the loop can acquire lock and Is aiways less than
the tracking range. It Is further limited by Cy. For most
applications, Atg > A2, For Rp = 470 K1, the approx-
imate minimum value of Cp can be determined by:

Cp (#F) = 16/capture range in Hz.

With values of Cp that are too small, chatter can be ob-
served an the lock detect output ds an incoming signal
frequency approaches the capture bandwidth, Exces-
sively large values of Cp will slow the response time of
the lock detect output.

TONE DETECTION:

Figure 11 shows the generalized circuil connection for
tone detection. The loglc autputs, Q and Q at Pins § and
6 are normally at “high” and “low" logic states, respec-
tively. When a tone is present within the detection band
of the PLL, the logic state at these outputs become re-
versed for the duration of the input tone. Each logic out-
put can sink 5 mA of load current.

Both logic outputs at Pins S and 6 are open collector

type stages. and require external pull-up resistors Ry 1
and R 2. as shown in Figure 11,

Yo

Prregarumd

1omE BoyT ’—_—E‘”—I_C ' ..ﬁ veo

M“O—‘ (RPN

IR.3200

Figure 1. Clrcuit Connection for Tone Dstaction

With reference to Figures 2 and 11, the functions of the
external circuit caompanents can be explained as fol-
lows: Rg and Cq set VCO center ifrequency; Ry sets the
detection bandwidth; Cy sets the low pass-loop lilter
time constant and the loop damping factor. Ry and
Ri2 are the respective puil-up resistors for the Q and
0 logic autputs.

Design Instructlons:
The circuit ol Figure 11 can be optimized for any tone

detection application by the choice of the 5 key circuit
components: Rg. R4, Cg, Cy and Cp. For a given Input,




.':_',g

the tone frequency, fg. these paramelers are calcu-
1aled as follows:

a) Choose Rq lo be in the range of 15 K2 to 100 Kf.
This choice is arbitrary.

p) Calculate Cg to set center frequency, Ig equai ta fg
(see Figure 6): Cg = 1/Rqlg

¢) Calculate Ry to set bandwidth Al (see design
equation No. S)

R1 = Rollo/aD

Nole: The lotai detection bandwidth covers the [re-
quency range of lg % Af.

d) Calculate value of Cy for a given loop damping
factor;

Cy = Coli6 12

Naormally { = 1/2 is optimum for mos! tone detector ap-
plications, giving C{ = 0.25 Co.

increasing Cy improves the out-of-band signal rejec-
tion, but increases the PLL caoture time.

e) Calculate value ol filter capacitor Cp. To avoid chat-
ter al the logic output, with Rg = 470 K2, Cp must
be:

ColsF) = (16/capture range in H2)

Increasing Cp slows down the logic outlput response
time.

Dasign Examples:
Tone detector wilh a detection band of t kHz = 20 Hz:

a) Choose Rg = 20 K2 (18 K@ in series with 5 K1 po-
tentiometer).

b} Choose Cq for fg = 1 kHz (from Figure 6). Co =
.0.05 pF.

¢).Calcuiate Rq: Ry = {Rp) (1000720} = 1 MQ.

d) Calculale Cy: for ¢ = 1/2.Cy = 0.25,Cg =
0.013 pfF.

e) Calculate Cp: Cp = 16/38 = 0.42 uf.

f) Fine-lune center requency with § K2 potentiometer,
Rx.

LINEAR FM DETECTION:

XR-2211 can be used as a linear FM detector for a wide
range of analog communications and telemetry appli-
catiohs. The recommended circuil cannection for this
application is shown in Fiqure 12. The demodulated
output is taken lrom the loop phase detector output (Pin
11), through a post-detection filter made up of Rg and
Cg and an external bulfer amplifier. This buffer ampilfi-
er is necessary because of the high impedance output

XR-2211

at Pin 11. Normally, a non-inverting unily gain op amp
can be used as a bufler amplifier, as shown in Figure
i2.

s e
a1,7 ! ! _I:.'-'

st oo +1

__J.:_ =

Figura 12, Linear FM Detector Using XR-2211 and an External
Op Amp. (Ses Sectian on Dasign Equalion for Com-
penant Yalues.}

The FM detector gain, i.e.. the output voltage change
per unit of FM deviation can be given as:

Vout = Ry VR/100 Rg Volts!% deviation

where Vg is the internal reference voltage (VR = V+i2
- 650 mV). For the choice of external components Ry,
Rg. Cp. C1 and Cr, see section on design equations.

PRINCIPLES OF OPERATION

Signal Input (PIn 2): Signalis ac coupled to this terminal.
Thé internal impedance at Pin 2 is 20 K. Recom-
mended input signal level is in the range of 10 mV rms
to 3V rms.

Quadrature Phase Datactor Output (Pin 3): This is the high
impedance output of quadrature phase detector and is
internally connected to the input of lock detect voitage
comparator. in tone detection applications, Pin 3 is con-
nected ta ground through a parailel combination of Rp
and Cp (see Figure 2) lo eliminate the chatter at lock
detect outputs. il the tone detect section is not used,
Pin 3 can be left open circuited.

Lock Datect Output, Q {Pin S): The output at Pin 5 is at
“high" state when the PLL is out ol lock and goes to
“low" or conducting state when the PLL is locked. It is
an open coliector type outpul and requires a pull-up re-
sistor, R, to V + for proper operation. At “low” state, it
can sink up 1o 5 mA of load current.

Lock Datect Complement, @ (Pin 6): The outpul at Pin 6 is
the logic complement of the lock detect oulput at Pin 5.
This output Is also an open collector type stage which
can sink 5 mA of load current at low or “on" state.
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ESK Data Output (Pin 7): This output is an open collector
logic stage which requires a pull-up resistor, R, to V +
for proper operation. It can sink 5 mA of load current.
When decoding FSK signals, FSK data output is at
“high' or “oll"" state for low input frequency, and at
*low’ or “on" state for high input frequency. it no input
signal Is present, the logic state at Pin 7 is indetermi-
nate.

FSK Camparttar Input (Pin 8): This Is the high impedance
input to the FSK voltage comparator. Normaily, an FSK
post-detection or data filter is connected between this
terminal and the PLL phase detector output (Pin 11).
This dala filter is lormed by Rg and Cg of Figure 2. The
threshold voitage of the camparator is set by the intet-
nal reference voltage, VR, available at Pin 10.
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Absclute Maximum Ratings’

in l

pParameter Symool i M Max. | units
1| Power suoply voltage Vno-Vss H i 5 v
2| voltage on any pin | i Vsg~—0.3 Vopo+0.3 1 ¥
3| Currentacany pin (otner than suoply) i i | . 1C PomA
4§ Coeraung remoerature i Ta I -40 | -35 P
5| Storage temperature ; i -55 «is0 | T
6| Package nower dissination ‘ i 1000 |

'?)Céﬂlhg tnese valuey May Cause oermanent aamage, FuncTional ooeration under these conaitions + notimoiiea,

Derace above 15 °Cac 16 mA /2. Allleacs soideres to board.

Recommended Op‘erating Conditions -voitagas are mitn ¢230¢C t0 Jround (Vyg) unless atnenwiie statea.

-

Characteristics

.1
nits |

Q o+

' boMmin b Type Max | U T2st Conditions
1t Pasitive Suppiy Yeitages i Vo i i 5 : bV i vgg=0v

| 21 Posabater Clock Fracuency poode 12579545 i MHz |

‘ 31 ! QCscilator Freauency Tclerancz Vi Lo

P Typiear fiqures ara 3¢ 157C 300 ace farzesign a0 2alyl ACLSUAANEee? 4na NGTSUOIZET 1D DrOQULCLOA (a3UING.

DC ztectrical Charactoristics- vay =30V ES'S, Yy =0V, Yoltages ace ‘with “2s3e0t 10 ground (Vgg) uolgf Ginermse siatec.

! . P ] y el A . > - A ..
I[ i Characzasistics Sym | Min i Typi | Max !Units| 7233 Conditions
{ i i 10oerating suooiy voltage | Yoo s (e RB ., \\ 525 v
Y , - -
2! » Eoera:mg suoply cucrene 1 oo | ;3.0 3.0 mA ®
3 ? 'IPower consumozion i Po } |15 45 m\wW | £=3.58 MMz Vo = 5V
- ]
vt ! | t
aj | {Hignievelineut Pvim |35 | | v
5| % lLow level input voltage PV | | 1.5 v
bt 2 - 3
31y {lnput leakage zurrant IR p a1 E uA My =VssorVon
71 : tpull-up (source) currant Flso P13 150 ] uA iTOE {pin 10) =2V
- T

3 lnputimpedanca (IMN—, i =11 R | j19 | MO [ @ 14Hz
2 | St2ering threshold voitage Firg 22 las ) ov

10 lLow level outout voltage | Yoo i Ve +0.02 v | Noload

1 O T Y] i T

111 . jHighlevel outputvoitage | YOH | V5,-0.93 f i v |Moload

12 ; Outout low (sink) currene | log | 7 boas [ mA {Vgys=0.4V

131 4 [Outout hign (source) currznat] 1oy | 9.2 T 03 | | mA |Vayr=25V

12 : Vg,,outpu(voltagé | Vet 2.4 2.7 \' l No load

15 Va4t OuUtput rasistance | Ron | |10 Q|

L eIl NS IS A R U TUE ) PN S melhL WIS M ey et am S Jee wmp sl ne e 7-.,;—-:’:.-'- cwatbme
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0 perating Characteristics' - voltages are with respect ta ground (Vg unless atherwise stated
Gain Setting Amplifier

J " Characteristiess l Sym [ Min [ Typ* l Max iUnitsI Test Conditions
1 | Input leakage current hea | 100 nA" | Vsss Viy SVop
2 | Input resistance Rin 10 MQ
3 | Input offset voltage | Vos 25 mV
4 | Power supply rejection PSRR 1 8o d8 | 1kHz
5 | Common mode rejection CMRR | 80 d8 |-3.0Vs Viy s3.0V
6 | OC apen loop voltage gain AvoL 63 ds |
7 | Openloop unity gain
bandwidth ‘e 1.5 MHz
3 | Output voltage swing Vo bas | Voo | Re2100KQ to Vss
9 | Maximum capacitive load (G5) <, | 100 | | of
10 | Maximum resistive load (GS) Ry | | 30 K
11 | Common mode rance Ves | | 30 Ve iNolLoad

=5V, V= 0V, T, =25"C
"Typrcal fiquras are at 25°C and ar= for deugn aid only: notquarantes and noc subject {0 proguction testing.

MT88708 AC Electrical Characteristics’ . Voltages are with resoect 23 ground {V¢g) unless otherwise stated

r l Characteristics | sym i Min | Typ | Max | Units { Notes
s | Validinoutsignallevels I ! -29 i ; [ d8m (123558
(| 1 |(each cone of zcmposite | 7.5 i : | mVYams |1.2.3.5.6.9
S |signal) i I [+t 1 d8m 1,2.3,5.6.9 ;
. | | 263 | mveus |1,2.3,58.9
:2: o |Positve twist accept i At (] i 48 23,59
3] 0 |Negative twistaccept | | A 10 | j a8 2,3,6.3
_AJ o | Freq. deviation accept +1.5% & 2Hz Nom. |2.3,5.9
] -lr Freq. deviation reject £3.5% Nom. [2.3.5,9
= & | Third tone tolerance : {oais | i3 2.2,4,5,3 ,
| 7] -‘s‘ Noise tolerance | -12 ds 2,3,£,5,7,9,10
3 Dial tone tolerance | -] +22 48 2,3.4.58.9,11

V=5V, V= 0,T,=25°Cand fp=3.579545 MH2 using test circust shown inFigure 2.
MOTES

.d8m = decibels sbove ar below a referance powsr of 1 MW into 3 630 ohm load.

2. Digit sequence cansists of all OTMF tones

1. Tona duration= <0 ms, tone pause = <J ms,

1, Signal condition cansists of naminal OTMF frequencies

S, 30th tones in comoosite signal have an equal amplitude.

5.

7.

3.

Tane pair is deviated by = 1.5% = 2Hz.

3andwidzh limited (3XHz ) Gaussian naise,

The precise dial tone frequencies ar2 (350 Hz and 440 Hz) 2%,
. for an errar rate of better than 1 in 10,600,
10. Referenced to lowest level frequency zomoanant in OTMF signal.
11. Reterenced to the minimum valid acceptievel,
12. For quard time calculation purposes.

w
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) unless otherwise statad.

MT88708-1 AC Electrical Characteristics' .Voltages are with respect 10 ground (Vs
Characteristics ‘ Sym \ Min ‘ Typ \ Max ‘ Units \ Notes
\ ] -3 | | | d8m ]1.23.5.63

ams | 1,2.3,5.6.9
48m | 1.2.3,5.6.3

| 869 mVams | 1.2.3.5.69 ™
1,2,3,5.6.9
1,2.3,5.6.9

valid input signal levels )
(each tone of compasite ‘

signal) ‘ ]

- {2.3.6.3
| }2.3.5.8
|
|

| 2.3.5.9
[2.3,4,5.3.13

w Z

Dial tone tolerance 'i i 2.3.4.5.89.11
Cand fe= 3.579545 MHZ using test crreuit shown i Fiqure 2.

T =Y. e= 0. Ta= 25

NOTES

_dBm = decibels 3bov=2 0f aelow 3 refermnce
. Digit sequence congnists of all OTMF tones

3. fone durabon= 40 ms, tone pause= «Q ms.

1. Signal condition consists of naminal OTMF frecuencies .
. 90th tonesin compasite signal have an eusl amolicude.

6

power of 1 MW into a 50 ohm load.

i
]

Tone pairis deviated by = 1.5% & IHI.
gandwidth limited (3 kHz ) Geussian notse.
3. The precise dlal tone frequencies are (3150 Mz 3nd s0HzY = 2%

9, For an efrof rate of better than 1 in 10,0C0.

10. Referenced to lowest level frequency componentin OTME signal.

(R aeferenced to the minimum valid accept level.

12, for quard time caleulation purposes.

13, Referenced to fig. 10 Input DTMF Tone Level at .295d9m (-23d5mat S Pin) int

erisrenca Frequency Range nacaeen 480-3200HzZ.
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AC Electrical Characteristics -Voltages are with respect to ground (Vsy) unless otherwise staced

. I ) Characteristies ’ Sym | Min l Typ¢ ’ Max i Units l Conditions
1 Tone present detect time the 5 - R . P ms | Note 12
2 Tone absent detect time toa | 0.5 < | 83 ms | Note 12
— T
3| 1 |Tone duration accept l lagc i 40 ms l User adjustable
ot A N
4 \l; Tone duration reject [ (ETd 20 I ms | User adjustable
51 G |Interdigit pause accept to [ 40 ms | User adjustable
5 Interdigit pause reject ino 20 | | ms | User adjustable
7 ! Propagation delay (St 10 Q) ’ tag l 8 l Xy ‘ HS TOE =Vpo
8 o .| Propagation delay (St to $tD}) I tpseo . 12 f Hs TOE=Vno
— u : -
39 5 | Qutputdata setup (Q o 5t0) , 1050 ! 3.4 ; , us | TOE=Vpo
10§ ¢ |Propagation delay (TOE to Q ENAS LE) | tore 50 i s | Ry =i0kQ
3 . CL =50 pF
g  Propagation delay (TOE to Q DISABLE) | @m0 300 NS Re=10k0
l l' CL =350 or
12 l Crystal /clock frequency | fc [3.575913.579513.5331] MMz I
13] € |Clockinput rise time ; | tener | | tia ns [ Ext. clock
ial o ] Clock input fall ume L tger ! I 1o s Ext. clock
15| ¢ [Clock input duty cyele | OCa | 40 50 | 80 % | Ext. clock
i8 Capacitive foad (05C2) | Co ! 30 of

P Y0 25,0V, v =0V, T, =25°Cund f, = 3.579545 MHz, using test arcuit sthown in figure 2,

* Typical figures are at 25°C and are for design aid only: notguaranteed and not subject 10 oraduction testing.

<
otMF C— l

lnput

S P

NOTES:

2, Ry =100%02 1%

2y =300k0 194

G, 4 =100nF 5 %

X1 = 3.579545 MMz +0.1%

Figure 2 - Single-Ended Input Configuration
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Pin Description

Pin 2 l Name . . Description

i | IN+ Non-inverting Op-Amp (lnput).

2 | IN- |lInverting Op-Amo (Input).

3 GS Gain Select. Gives access to output of front and differental amplifier for connection
of feedback resistor.

4 Vet Reference Yoltage (Qutput), Nominally Vpo/2 is used to bias inputs at mid-rail (see
fig.2). ’

s | C_|internal Connection. Must be tied 0 Vss.

& IC  |Internal Connection. Must pe tied to Vss.

7 0sC1 | Clock (Inou). A :

3 0sc2 | Clock (Output). A 3.579545 MHz crystal connected between pins OSC1 and 0sC2
completes the internal osciilator circuit,

9 | Mss | Negative Power Supply {Input).

10 {I TOE | Three State Output Enable (Inpuc). Logic high erables the outputs Q1-Q4. This pin is

1 l aulled up intarnally.

11-14 | 0Q1-Q4 | Thr2e State Data {Qutput). ‘When enabled oy TOE. provide the code corresponaing 10
\ the last valid tone-pair received (see Table 1). When TOE is logic low, the data outputs
| are high imgedance.

15 StD Delayed Steering {Output).Presents a logic high when a received tone-pair has been
cegistered and the output latch updated; returns o logic low when the volitage on
SU/GT falls below Vrse \

16 £st Early Steering (Output). Presents 3 fogic high once the digital algorithm nas detected
2 v3lid tone pair (signal conditionl. Any momentary loss of signal coadition will cause
€St 2o return to a logic low.

17 SUGT | Steering Input/Guard time (Output) Bidirectional. A voltage greater than Vg
detectad at St causes the device to register the derected tane pair and update the
output latch. A voitage less than Vyse frees the device to accept a new.tone pair. The
GT output acts to reset the axternal steering time-coastant; its state is a function of
gSt and the voltage on St. .

18 | Voo | Positive power supply {Input).
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. ADC0801, ADC0802, ADC0803, ADC0804; :
| . ADC0805 8-Bit nP Compatlble 'A/D Converters

|

1

The ADCO801,

i General Description

ADC0802, ADC0803, ADC0804
ADC0805 are CMOS 8-bil successive anproximation A/D

and

converlers thal use a dilferential potentiomaetrc ladder—
. similar 1o the 256R products. These convertars are de-
" signed to allow opstation wilh the HSC800 and INSBCEGA

faclng logic is nesded.

. Features

darivative control bus with TRI-STATE? output latlchaes dI-
. tectly driving the data bus. Thesa A/Ds appear like memory
focations or 1/0 ports o the micronrozessor and no inter-

Ditterential analog voilags inputs allow increasing the com-
mon-mode rejection and ollsetting the snalog zero input
voitage valua. In addition, the vollage relerencs.inpul tan
be adjusted lo sllow encoding any smalier enalog voltaga
span to lhe full 8 bils ol resolution,

x Dilfsrential anslog voltage inpuls

¥ Logic inputs and outputs mest both MOS and TTL volt-

ags lave! specifications

% Works with 2.5V (LM336) vollage reference

X On-chip clock generator

supply
No zero adjust required
0.3° standard width 20-pin

Opsrales ratlomeirically or

0V 1o 5V analog Input voltage range with single 5V

OIP package

20.pin molded-chip carrier or small oulline package

wilh 5 Vpa, 2.5 Ype, of ane-

log span adjusted voltage relerance

Key Specificatlons

& Resolution 8 bils
u Compalible with B0B0 nP. derivalives—no inlerfacing ¥ Total emor /4188, 2% LS3 and %1 LSS
logic needed - access lims - 135 as x Convarsion tima 100 s
® Easy inledace lo ail microprozessors, or operales
“stand alone”
Typical Applications ‘-
tv
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8080 interface

|
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TLorrSE7 100

Error Specification (Includes Full-Scale,

Zero Error, and Non-Uinearity)

Part sF;"l; YRgr/2=2.500 Voc | VRer/2=No Connection
Number Adjusted (Mo Adlustments) (No Adjustments)
ACCCEO1| v, LS8
ADCT802 % LS8
ADC0803 | £, 1S8
A0CO804 *1188
ADCO805 1182




Absolute Maximum Ratings mowes122)

Il Military/Aerospace speciiied devices sre required,
Semiconductor Sales Office/
Distributors for avsilability and spe<lfications.

* contact the Natlonal

Supply Voltage (Vcc) (Note 3)
Voltage
Logic Control Inpuls
Al Other Input and Outputs
Lead Temp. (Soldering, 10 seconds)
+ Dual-In-Line Package (plastic)
Dual-In-Line Package {ceramic)
Surface Mount Package
Vapor Phase (60 saconds)
Intrared (15 seconds)

Electrical Characteristics

The {ollowing specifications aoply for Voo = 5 Voo, TuinS Ta S Tuax and Ic k= €40 kHz unlass otherwise specllied.

Slorége Temperature Range
. Package Dissipation 8t To = 25'C
ESD Susceptibility (Note 10)

-65'Cto +150°C

875 mwW
800V

TN S Ta < Tuax
—55'C<TAE +125°C

-40'C<To< +85°C
~40'C<To< +85°C
C°C<TAS +70°C
0*CSTAS +70°C
0'C<TAS +70°C
4.5Vpe 10 6.3 Vo

8.5v
3V 4 18Y gp:'r:ullr;?niatlngs {Notes 14 2)
mpe
0310 (Voo +0.3 ADC0801/02L]

260°C ADCO0801/02/03/04LCJ

200°C ADC0801/02/03/05LCN
ADCO804LCN

, ADC0802/03/04LCY
n-e ADCO802/02/04LCWM
Rangs of Ve

Paramelsc

Condltions . Min Typ Max Units
ADC0801: Total Adjusted Error (Note 8) With Full-Scale Ad|. Y LS8
{Sea Section 2.5.2) ‘
ADCO0802: Total Unadjusted Emor (Nole 8) Vagr/2=2.500 Voo A LS8
ADCO0803: Toldl Adjusted Error (Note 8) With Full-Scale Ad]. .y L$3
(Ses Section 2.5.2) -
ADC0804: Totat Unadjusted Emror (Note 8) Vage/2=2.500 Voo e 1 Lsa
ADC0805: Total Unadjusted Emor (Notg 8) Vage/2-No Connection b LS8
Vagr/2 Input Resistance (Pin 9) , AO@BO!/OZ/UJ/OS o, 8.0 kN
ADCO804 (Note 9) 0.75 11 kNl
Analog Inpul Voltage Range (Note 4) V(+)or V(-) Gnd-0.05 Ve +0.05 Voe
OC Common-Mode Emor Over Analog Input Yoltage Y5 =% Lsa
Range
Powar Supply Sensitivity Yee=5Vpg 210% Over =Y % Ls3
Allowed Vin(+ ) 8nd Vin( =)
Voltags Range (Mote 4)
AC Electrical Characteristics
The lollowing specilications aoply for Vo = § Yog 8nd T =25°C uniess olherwise specified.
Symbol Parameter Caonditions Min Typ Max Unlts
Tc Conversion Time loix = 640 kHz (Note 6) 103 114 28
Te Conversion Time {Note 5, 6) 66 73 ey,
ek Ciock Frequency Ve = SV, (Nola 5) 100 640 1460 kHz
Clock Duty Cycle {Note-5) 40 60 K3
CR Conversian Rate in Frae-Aunning iNTH tied to WHR with 8770 .9708 conv/s
Mode T8 = 0 Vpi, loLx = 640 kHz
(W 18 Width of WA Input (Stant Pulse Width) CS=0Vec(Note ) 100 ns
ace Access Time (Dalay fiom Falling Cy =100 pF 135 200 ns
Edge of AAD to Outpul De's Valid) . ]
YiHe LoR TRI-STATE Control {Delay CL=10pF Ry =10k 125 200 ns -
from Rising Edge ol AD to {See TRI.STAVE Test
Hi-Z Stale) Circuils)
twr. tar Calay lromn Falling Edgse 200 450 ns
of ¥7A or AD to Reset of INTH
© Cin input Capacilance of Logic 5 7.5 pF
Controf Inputs
Cout TRI.STATE Output 5 15 pF
Capacilance (Data Bullars)
CONTROL INPUTS (Note: CLX IN (Pin 4} is the inpul of 3 Schmilt trigger circuil and is therefore specified separately]
Vg 41§ Logical 1" Input Vollage Ve = 5.25 Vg 2.0 15 Voo
(Except Pin 4 CLK IN) .




AC Electrical Characteristics (continued)

The lollowing specilications apply for Veg = 5Vpe 8nd Tyuin £ Ta < Tyax, uniess otherwise specified.

Symbol ‘ Parameter l Conditlons ‘ Min l Typ l Max ‘ Unlts
CONTROU INPUTS {Note: CLK IN (Pin 4} is the input of a Schemitt trigger circuil and is therelore specified separalely}
V(0 | Logical™0" Input Voitage Ve =4.75Voc T { 0.8 Voc
(Excep!l Pin 4 CLKIN)
e (1) Logical *1" Input Current Vin=5Voc 0.005 1 pADS
(Al Inputs)
hn (0 Logical “0" input Current " Vin=0Vpe -1 -0.005 pAOG
| (antnputs) .
CLOCK IN AND CLOCK R . - )
Vr+ CLK IN {Pin ¢} Posilive Going 2.7 - 31 3.5 Yoc
Threshold Voltage )
Vi— CLK IM (Pin 4) Negative 1.5 1.8 2.1 Voo
Going Threshold Voltage
Vyy CLK IN (Pin 4) Hysteresis 0.6 1.3 2.0 Voc
Vr+)-(MVr1-)
Vour (0} Logical 0" CLK R Outpul =350 uA ’ 0.4 Voe
Voltage - Vers=4.75Vpe
Vour (1) Logical 1" CLK R Output lg= —3860 pA - 2.4 Voc
Voliage Veo=4.75Voc
DATA OUTPUTS AND INTR
Vour-(0) - Logical 0" Qutput VoRtage
Data Oulputs lout = 1.6 MA, Vg =4.75 Voo 1 0.4 Voo
INTR Outeut lout = 1.0mA, Voo = 475Vne 0.4 YVen
Vour (1) Logicat 1" Output Voltage ig= —350 pA.Vec = 4.75 Vo 2.40 - Yoo
Vourt (V) Logical 1" Output ollage lo= =10 A, Vec= 4.75 Ve 4.5 Voo
lout ‘I TRI-STATE Disabled Qutput Voutr =0 Voe -3 sAoo
Leakage (All Dala Butiers) Vout=5Vee a3 nAoc
ISCURCE VOUT Shortto Gnd, Ta= 25°C 4.5 5 mA.):
gk . Vgt Short to Ve, Tp=25C 9.0 16 nanC
POWER SUPPLY
lec Supply Current (includes leux = 640 kHz,
Ladder Current) Vaze/2=NC, Ta=25C
and TS =5V
. ADCO0801/02/03/04LCJ/05 1.1 1.8 mA
ADCC804LCN/LCY/LCW M 1.9 2.5 mA

Hate t: Absalute Maswmum Ratings .ndvzate s Seyord wnich Zamage 1o Te devics may occwr OC end AC elecincsl spacthcations 6o not 3CON whaa oDeIUM
the device bayond fs specified goerating zoniiiong .

Hete T Al voltages sre measured —ath re0act 33 Gad, unlesy oine~—-3e 309itfiad Tha sesersie A Gd point shoul arways ba wired lo the 0 Gnd.

Nots )i A tenar drode eisla, lnlerngty, fro= Yoz Ie Gng ard hey & typcal braabdown voltage of 7 Yo

Hote & For Vin{ =12 Visd * ] the cigest oy 2age =l Da 0000 0000 Two on-chiz diodes a‘s ued 10 eech analog Mput (see block diageam) wnich wii lorw3rd
conduct foe analog inout velages ane diode C°22 Selne Ground of ane dmde dred ¢Ueais than the Voo suedh. Se =aralul, dunrq lesung ai low Vcg favels (£ SV),
€3 high fave! analog inouts 1SV] can cause L¥s inout dicde te condurt-esoecially sl slevele? temperatures, 870 Caus? @Tors 1or ansicg outs nag’ lufi-scals The
scaz allows 50 @V forwan] bias ol ether Giode. This means Cual 33 long 83 (he anaisg Vin does nol sscesd the suoch voliage by more han 50 mV, e outout
code will Se comect Tc azhiave an adsaknie € Vor 18 § Vs inpat votage range will tarelore requice & MINIMLM SUZDY VO
vanalions, initial 1olerance and loading.

iage o 4 952 Vo over lemoeatre

Nole §: Accurecy is quarentesd st lcix = 522 XMz Al highar clock requencies accrecy can degrade. For lowet clock hecuencies, the &ty cycle fimms can be
ertended 30 long as the minimum clock high e intarval or minimum clock low time intervel fs no tess than 275 as.

Notr 8: With ar asynchronous start pulss, uz lo 8 clock perods may be required Delore tha wemal clock £Rases are 0/Cper 12 siart tho conversion prozess. The
slant rouast Is internatly laiches, 3ee Fguwr 7 and section 2.0.

Note 7: The I3 lnout rs eszumed 10 brachel Bve FE snobe input and e slore tming h dependent on the T pulse widtn. An arbitrarily wide puise wagln wit hoid
the convenar in & ressl mode end the st of conversa- i iviisted by e low lo high bansuon of 1he WA oulte (see trunq disgrams),

Nols & Hona of thess A/CS requives ¢ ze°C adiag: [sae secdon 2.5.1). To obtam zero code #i ather analog mpul voitages set 182703 2 § and Fgure EA

Hote %: The Yags/2 pnis the cente patol s =3 resistes dhidar connesied frar Vez 1o growng Eech resister ig 2 2%, evceot for tne ADZLSIILCY whers each
romesloe i3 155 Total 1adger input ressiance i3 the qu OF IN9 t~d eTU80 resisions,

Kole 10. Human body modal, 107 p© ¢ 3373°ge svzagh e 1500 resstor, -




Typlcal Performance Characteristics

Delay From Falling Edge of
RD to Output Data Valld
vs. Load Capaclitance

Logle Input Threshold Voltage
vs, Supply Yoltage

CLK IN Schmitt Trip Levels
vs, Supply Yolitage
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LM35/LM35A/LM35C/LM35CA/LM35D

National
Semiconductor

Tl
PRELIMINARY;

4

LM35/LM35A, LM35C/LLM35CA, LM35D
Precision Centigrade Temperature Sensors L

General Description

The LM3S series are precision integrated-circuit tempera-
lure sensors, whose output voltags is linearly proportionat to
the Ceisius (Centigrade) temperature. The LM3S thus has
an advantage over linear temperature sensors calibrated in *
Kelvin, as the user is not required to subtract a large con-
stant voitage from ils output to obtain convenient Centi-
grade scaling. The LM35 does not require any external cali-
bration or trimming to provids typical accuracies of =1,°C
at room temperature and =3,°C over a full =55 to + 150°C
temperature range. Low cost is assured by timming and
calibration at the wafer level. The LM35's low output imped-
ance, linear output, and precise inherent calibration make
interfacing to readout or control circuilry especially easy. it
can be used with single power supplies, or with plus and
minus supplies. As it draws only 60 xA from its supply, it has
very low self-heating, less than 0.1°C in still air, The LM35 is
rated to operate over a —55" to +150°C temperature
range, while the LM3SC is rated for a ~40° to +110°C
range (- 10° with improved accuracy). The LM35 series is

available packaged in hermstic TO-46 transistor packages,
while the LM35C is also available in the plastic TO-92 tran.
sistor package.

Features

Calibrated directly in * Celsius (Cantigrade)
Linear + 10.0 mV/*°C scale factor

0.5°C accuracy guaranteeabls (at + 25°C)
Rated for full =55° 1o +150°C range
Suitable for ,rem'o'ta applications

Low cost dua to waler-level trimming
Operates from 4 to 30 volts

Less than 60 pA current drain

Low self-heating, 0.08°C in still air
Nonlinearity only *v,°C typical

Low impedance output, 0.1 1 for 1 mA load

U2 RN ENAX SRR

Connection Diagrams

TO-46
Metal Can Package”

SOTTOM VIEW
TUH/S516-1

‘Case is connected to neqatva pin

Order Number LM35H, LM35AH,
LM35CH, LM35CAH or LM35DH
See NS Package HO3H

TO-92
Plastic Package

80TTOM VIEW

TL/H/S518-2

Order Number LM3scz,
or LM350Z
See NS Package Z03A

Typical Applications

Vs
(€418 200

QuTPUT
—
Qe +60.0 my/°C

11

TL/H/$516-3
FIGURE 1. Basic Centigrade Temperature
Sensor (+2°C to + 150°C)
a0

~Vy
l . Choocse Ry = —VS/50 pA
(M3S Vout
Voyr= +1.500 mV at ~150°C

a1 = +250 mV at ~25°C
- = ~550 mV at -55°C

- TU/H/S516~4
FIGURE 2. Full-Range Centigrade Temperature Sensor

$8-2




— .
Absolute Maximum Ratings

Supply Voltage +35Vio —0.2V Specgfied Operating Temperature Range: Ty 0 Thax
output Voitage +6Vto ~ 1_.2V (Note 2)
Output Current 10 mA LMJs, LM3sA —55'Cto +150°C
storage Temp., TO-46 Package, —60°Cto +180°C LM35C, LM35CA —-40°Cto +110°C
TO-92 Package, —-80°Ctlo +150°C LM350D 0*Cto +100°C
Lead Temp. (Soldering, 10 seconds):
TO-46 Package, 300°C
T0O-92 Package, 260°C
Electrical Characteristics (ote 1) (Note 6)
LM35A LM35CA (Note 10)
Tested Design Tested Design Units
parameter Conditions Typical | Umit Umit | Typleal | Limit Lmit | (Max.)
{Note 4) | (Note 5) (Note 4) | (Note 5)
Accuracy Ta= +25°C +0.2 £0.5 0.2 +0.5 ‘C
(Note 7) Ta=—10"C +0.3 0.3 1.0 *C
’ Ta=TmAX 0.4 1.0 0.4 1.0 "C
Ta=TmiN +0.4 1.0 0.4 1.5 ‘C
Nonlinearity TMINS Ta S Tmax 0.18 0.35 0.15 0.3 ‘C
{Note 8)
Sansor Gain Trin < Ta S TmAax +10.0 +9.9, +10.0 +9.9, mv/°C
{Average Slope) +10.1 +10.1
Load Regulation Ta= +25C 0.4 1.0 0.4 1.0 mvV/mA
{Note 3) 0l 1 mA TaiNS TA S Tmax 0.5 3.0 0.5 3.0 mV/mA
Une Regutiation Tam=+25C 0.01 0.05 0.01 0.05 mv/v
{Note 3) 4V £Vg <30V 0.02 0.1 0.02 0.1 mV/IV
Quiescent Current Vg= +5V, +25°C 56 67 56 67 pA
{Mote 9) Vg= +5V 105 131 91 114 nA
Vg +30V, +25°C 56.2 68 56.2 &8 BA
H Vg= +30V 105.5 133 91.5 116 nA-
! Change of 4V<Vg a0V, +25°C 0.2 1.0 0.2 1.0 nA
. Quiescent Current 4V<Vg <30V 0.5 2.0 0.5 , 2.0 RA
i {Note 3)
| Temperature +0.39 +0.5 +0.39 +0.5 RA/*C
1 Costficient of
Quiascant Current °
Minimum Temperature { In circuit of +1.5 +2.0° +1.5 +2.0 ‘Cc
for Rated Accuracy Figure 1,1 =0 ’
Long Term Stability = Tmax fof +0.08 0.08 ‘C
1000 hours

Nate 1: Unless olharwisa nated, thess specitications aooly; ~ $5°73 £ T,< + 150°C far the '.}3J5 and LM3ISA; —<0° 27,2 + 110°C lor the LMISC and LMISCA: and
P47 2 +100°C for the LMASO. Vg« + 5Vdc and i oag = 50 pA. in the circuit of Figive 2 Thess soecificatons also apply from. +2°C to Tuax in the circuit of
Figwra 1. Specifications in boid(ace spply over the full rated temperaturs range,
Note 2: Thermal resistance of the TO-6 package is 440°C/W, juncton lo ambiant, and 24°C/W juncton to case, Thermal resistance of the TO-92 packaqe is
180°/W junction to ampient.

$8-3
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LM35/LM35A/LM35C/LM35CA/LM35D

Electrical Characteristics (Note 1) (Note 6) (Continued) '

LM35 LM35C, LM350
Tested Design Tested Design
d
Parameter Conditions Typlcal | Umit Umit | Typleal | Umit | Umit
{Note 4) | (Note 5) {Note 4) | (Note s)
Accuracy, Ta= +25C +0.4 +1.0 0.4 +1.0
LM35, LM35C Ta=—10°C 0.5 0.5 , 18
(Note 7) Ta= TMAX 0.8 1.5 0.8 - 15
Ta=Tuin 0.8 1.5 0.8 2.0
Accuracy, Ta= +25'C 0.6 +1.5
LM35D Ta=Tumax 0.9 20
(Note 7) Ta=TuiN 0.9 2.0
Nonlinearity TMINE TAS Tmax 0.3 0.5 0.2 0.5
(Note 8) : o
Sensor Gain TMINSTAS Tmax +10.0 +9.8, +10.0 +9.8, r
(Average Slope) +10.2 +10.2
Load Reguiation Ta= +25°C 0.4 2.0 0.4 20 r
(Note 3) 05l <1 mA TiNS Ta< Tmax 0.5 5.0 0.5 5.0 r
Line Requiation Ta=+25°C 0.01 0.1 0.01 0.1
{Note 3) 4V <Vg<30V 0.02 0.2 0.02 0.2
Quiescent Current Vg= +5V, +25°C 56 80 56 80
(Note 9) Vg = +5V 105 158 91 138
Wg=+30V, +25°C 56.2 82 56.2 82
Vg = +30V 105.5 161 91.5 141
Change of 4V <Vg <30V, +25°C 0.2 2.0 0.2 2.0
Quigscent Currant 4V gVg IOV 0.5 3.0 0.5 3.0
{Nota 3) &
Temperature +0.39 +0.7 +0.39) -0.7
Coefficiant of :
Quiescent Current
Minimum Temperature | In circuit of +1.5 +2.0 +1.5 —-2.0
for Rated Accuracy Figure 1,1, =0
Long Turm Stability Tj=Tmax, for 0.08 0.08
1000 hours

Nota 3: Requlation s measured at constant tunction temperature, using pulss 11sting with a low duly cycle.

by ing the intemal

by tha themmal resistance.

Note 4: Tesied Limits ars quaranteed and 100% lested in producton.

Note 5: Oesign Urmits are guaranteed (but not 100% producoon (asted) ovar the indicated tomperature and sugory voltage ranges. Thesa hrmis are not

calculate outgoing quality levais,
Note 6: Specifications in boldface appi& over the lult rated termperalura range.

Note 7: Accuracy is defined as the emor between the output voitage snd 10mv/*C

and temperature. {expressed in *C)

Note 8: Nonlineanty is defined as the

range.

Note 9: Quiescent currant is defined in the circuit ol Figure 1.

of the outout

Hote 10: Consult tactory lor avarability of LMISCAZ,

g

Changes in output due 1o heaong affects

limes the device’s cass temparature, 3t soecified conditions of voitage

@ curve lrom the bast-it straight ling, over the device's rated lem

S58-4



ppplications

me LM35 can be apptied easily in the same way as other leskage and corrasion. This is especially true il the circuit

-ﬂ,,grated-circuit temperature sensors. It can be glued or may operate at cold temperatures where condensation can

amented 0 a surlace and its temperature will be within oceur. Printed-circuit coatings and vamishes such as Humi-

pout 0.01°C of the surface temperature. The TO-46 metal seal and epoxy paints or dips are often used to insure that
ckage can aiso be. soldered lo a metal surface or pipe moisture cannot corrode the LM3S or its conneactions.

~inout damage. Of course, in that case the V— terminal of These devices are sometimes soldered to a small fight-
e circuit will be*grounded to that metal. Alternatively, the waight heat fin, to decrease the thermal time canstant and
(M35 can ba mounted inside a sealed-end metal tube, and speed up the responss in slowly-moving air. On the other
an then be dipped Into a bath or screwed into a threaded hand, a small thermal mass may be added to the sensor, 10

mols in & tank. As with any IG, the LM35 and accompanying give the staadiest reading despite small deviations in the air

wing and circuits must be kept insulated and diy, to avoid lamperature.. ..

Temperature Rise of LM35 Due To Self-heating (Therrﬁal Resistance)

ASEWT/VOSEWT/0SEWT/VSENT/SENT

TO-46, TO-48, TO-92, TO-92,
no heat sink small heat fin* no heat sink small heat fin"*
Stilt aie 400°C/W 100°C/W 180°C/W 140°C/W
Moving air 100°C/W 40°C/W 20°C/W 70°C/W
' Stilt oit 100°C/W 40°C/W 90°C/W 70°C/W
! Stirred oil 50°C/W 30°C/W 45°C/W 40°C/W
; (Clamped to metal,
\ Infinite heat sink) (24°C/W)

+ wakefield type 201, or 17 disc of 0,020° sheet brass, soidered to case, or simitar,
«« 10-92 package glued and leads soidered to 1° square of s’ pnnted circuit board with 2 oz. feil or simdar,

Typical Applications (Continued)

Two-Wire Remote Temperature Sensor Two-Wire Remote Temperature Sensor
{Grounded Sensor) (Output Referred to Ground)
v l-————— W
. P L
HEAT 2
FINS 7 “‘a
Yyt = 10 07 °C (Tangient +1°C) 7 TWISTED PAIR
3':' FROM +2°C 10 «40°C V2 :&0

Yous =10 m¥/°C {Tavaenr +1°C)
L FAOM +2°C 70 +40°C

5.8%
A e 200
HEAT QR 10x RHEGSTAT "
FINS % Lw3s FOR GAIN ABJUST
% 200 TWISTED PAIR

TUH/5516-8

TL/HIS518-5

Temperature Sensar, Single Supply, —55" to +150°C

+ ¥y

]

m3s .

ld

e

10%

TL/H/8816-7

sS85



LM35/LM35A/LM35C/LM35CA/LM35D

Typical Applications (continued)

0.1 uF bypasa, optonsl

4-To-20 mA Current Source (0°C to + 100°C)

> bl -0y
;un

MNS07 }——-
1]

out out
Li3s w7
]
\ %0 1% Ay
8.5
0.5% OFFSET

AT S o

TL/H/5518-9

Cantlgrade Thermometer (Analog Meter)

1

|

- M1y

%

TL/H/S518-11

Two-Wire Remote Temperature Sensor
(Output Referred to Ground)

i o
)

TWISTED PAIR [
Tz
RN
Your = 10 MV/°C (Tanmenr +310°C) o~
FROM -5°Clo +40°C
w00
1% .
TUH/S518-8
Fahrenhelt Thermometer
~Vs
{6V 0 20v)
LM35
Voyr =
- 1.0 my/°F
st
LMI85-1.2 7
TUMISS 161
Expanded Scale Thermometer
{50° to 80° Fahrenheit, {or Example Shown)
9v
"
Mis P—AAA~
100 A,
50 my
FULL-STALE
- "
A wsasas 2855
= = -
TL/H/5S 18-
.Zt_.
b
g
%
S
v
P

S 8-6
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—
1ypical Applications (continued)

Temperature To Digital Converter (Serial OQutput) (+ 128°C Full Scale)

]

<

LM3s

3.9

W

out
oxo
0 Sk 4
LI PP
» .
1 —[- 0%

]
ADCDS3 semal
Llid ! DATA OUTPUT
1.28¢

L

b ——— EMASLE

Gno TU/H/8816-13

Temperature To Dligital Converter (Paratiel TRI-STATE® Qutputs {or
Standard Data Bus to puP interface) (128°C Full Scale)

Y

. PARALLEL
0ATA
ourrur

Aucm;/,/

——> RTX

hd 18%
out N
M33
[+,1]
12 -
it + e
0,84y
.
5 T ;
A

(F=p&

e — 4 ¥R

GND TUH/S518- 14

LM3S With Voltage-To-Froquency Converter And Isolated Qutput
(Z’C to +150°C; 20 Hz to 1500 Hz)

114

100%

0.01 uF

121

lu

12

1008 b1

4
et  3.01,F

200

CAPACITIVE LOADS

Like mosf micropowser circuits, the LM35 has a limited ability
10 drive heavy capacitive loads. The LM35 by itself is able to
drive 50 pf without special precautions. If heavier loads are
inticipated, it is easy to isolate or decouple the load with a
fasistor; sae Figure A. Or you can improve the tolerance of
¢apacitance with a series R-C damper from output to
§round:; see Figure 8.

When the LM3S is applied with a 2001 load resistor as
shawn under Typical Applications, it is relatively immune to
wiring capacitancs because the capacitance forms a bypass

1}

TL/H/SS518~15

from ground to input, not on the output. However, as with
any linear circuit connected to wires in a hostile environ-
ment, its performance can be affected adversely by Intense
electromagnetic sources such as relays, radio tranamitters,
motors with arcing brushes, SCR transients, atc, as its wir-
ing can act as a recsiving antenna and its intemal junctions
can act as rectifiers. For best results in such cases, a by-
pass capacitor from Viy to ground and a series 8-C damper
such as 10(1 in series with 0.1 or 1 uF from output to ground
are often uselul. Thasa are shown in the above circuits.

58-7
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