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ABSTRACT

This thesis presents office pager system which consist of the transmitter and receiver
by having a computer and telephone are transmitted data by passing transmitter. the transmitter
is used to transit by Frequency Shift Keying Modulation to antenna ,106.5 MHz,and a recciver
is use by microcontroller, mes 51 ,to produce signal. A display Show on ligth Emittin diode ,7

segments, the office pager system can olly be transmitted and received data in numbers.
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2.1.4 lunyvesdyanaingfinmuda POCSAG

(Post Office Code Standardization AdvisorGroup)

1 4
v Yo o

1 dyanainmsiezas ldiunududyanasiadoyainvguassSoede
§ é 4 4 d a 3 d o o as
ieaiu dsvadeyafildiusiaves Pocsac Fuffugtimuazswamasgiudmsy

IngAnmudaiigndmualas cCIr gluvuvesdyaaimsilddalssnoyludae
dygruaddiunii (Preamble) $1uu 576 Ta ua:ﬂwnﬁ'zﬂsﬁaﬁuéfanmnﬁq‘gﬂﬁu"hJ
(Bateh Structure) Fausinzyavzisududresiamdaimsdalaslud awdiodavessa
fdaiion (Idel Codeword) SHAMMINIAVTENIY (Address Codeword) uazsHasd
13815 (Message Codeword) 6’11’1’8:9@1‘3?{'@'111’1%141?\151;?1 (Batch Structure) 9vaasWamda
toudethomeuan 1 ga guuuuvesdyaamaaslddez Ui 2.10
dyanaiadaauniii Preamble)

Uszneudrogluuuildnymzvesiinasadrudu fie 1010....1010 vzgnduiiy

t4
=~

$musdnios 576 Ua (AN 1 Batch 190 1 Codeword) dayaaiasdumiiign

9

) o 1 A 1 a a o
Miihudrelumsasomyasuduveamsdeingdanusa

Inssaavenunddesya (Batch Structure)

4 °

' s & ' ) v o a 7 s
sadvzgndeaslunund FeluudazuundasiSudrosiadinisged Ins Tud

ar o A 1 <
uazaudiomsuvessaidn 8 olsy Tavfindsuusnidumsy o wazisugavhody

wsun 7

H
Y o [}

sWafiussqogunundusesn1difiv 4 viia dait

1. sWasmsgalag lud (Synchonization C‘odeword)

2. s afMveInIglavSunUIY (Address Codeword)

3. SHAMYDIUNIATS (Message Codeword)

4. sWad g (Idel Codeword)

s 4 ‘vﬁﬂﬁuda:‘vﬁﬂﬂs:nauﬁ'wtamgmﬁm*ﬁm'm 32 U Lazuiazwila

o = o 4
iydunudwaasldaeg i 2.11
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Inssadeguuuvesnasgiu POCSAG

Structure Of POCSAG

v

A

Preamble Frist Batch Second Batch End Batch

R e e

.
—2
v

Duartion at Least] Batch Structure

578 Bits by T RN Tkt » " E 1 Batch = 1 Syn_codeword

Repetition : : i : : : + 8 Frame (17 Codeword)

of “1” and “0” Syn_Codeword FraméE'Struc_tgre

l«— | Codeword — +———— 2 Codeword ———

[+— 32 Bits —— —— 64 Bits ——
Synchonization Frame 6 ()N Frames ﬁwmwhﬁuwnm
Codeword ( 1 Codeword = 32 Bits)

( 1 Frame =2 Codeword = 64 B)

317 2.10 gluVvesdY I I NgAAMINFIIATITIU POCSAG

W o J
5ﬂﬁﬂ1mi"‘ﬁsﬂﬂiulu"lf(Synchonization Codeword)
o d’d

[ ° <] o ' 1.t : @ o A @ o
L‘L]‘Lli‘ﬁﬁﬂTVliJgﬂllUUlﬂWTslﬂUlﬂﬂaﬂHmuﬂ3Vl113Jﬂ'15‘I$'I‘D'lﬂi?iﬁﬂ’]ﬂuc'] TN

as LY [}

a o ' g P Y Ao Y <y a
‘b’uﬂuﬂS'ﬂgl'ﬂu?J‘Nﬂ'Ulﬁﬂﬂlﬂﬂmazuﬂﬂ‘v%qw?ﬂu‘]wﬂTﬂuﬂﬂﬂliUﬂu‘Uﬂ\ulUﬂ‘ﬁﬂ?ﬂ Iﬂflll

Hunvvesdindinsnam 2.3



20

M3 2.2 gUuuuvessiam

BIT | SYNCHRONIZATION ADDRESS MESSAGE IDEL
NO CODEWORD CODEWORD CODEWORD CODEWORD
01 0 Adress Flag=0 | MessageFlag =1 0
02 1 Adress Bit Message Bit 1
03 1 Adress Bit Message Bit 1
04 1 Adress Bit Message Bit 1
05 1 Adress Bit Message Bit 1
06 1 Adress Bit Message Bit 0
07 0 Adress Bit Message Bit 1
08 0 Adress Bit Message Bit 0
09 1 Adress Bit Message Bit 1
10 1 Adress Bit Message Bit 0
11 0 Adress Bit Message Bit 0
12 1 Adress Bit Message Bit 0
13 0 Adress Bit Message Bit 1
14 0 Adress Bit Message Bit 0
15 1 Adress Bit Message Bit 0
16 0 Adress Bit Message Bit 1
17 0 Adress Bit Message Bit 1 -
18 0 Adress Bit Message Bit 1
19 0 Adress Bit Message Bit 0
20 1 Function Bit Message Bit 0
21 0 Function Bit Message Bit 0
22 ] Check Bit Check Bit 0
23 0 Check Bit Check Bit 0
24 1 Check Bit Check Bit 1
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M3 2.2 (@9) JUlULvedsHaEM

BIT | SYNCHRONIZATION ADDRESS MESSAGE IDEL
NO CODEWORD CODEWORD CODEWORD | CODEWORD
26 I Check Bit Check Bit 0

27 0 Check Bit Check Bit 0

28 1 Check Bit Check Bit 1

29 1 Check Bit Check Bit 0

30 0 Check Bit Check Bit 1

31 0 Check Bit Check Bit 1

32 0 Even Parity Even Parity |

319 2.3 gUnuuvesiinvessiasimsdalns lud

n{12345678901234567890123456789012

BIT)0 11 1110011010010000101011101-1000

SHAMVDIHNIBAVIIUNUIY (Address Codeword)

14 [l
sadviaiissdseneulidrnavgruansdiuay 32 Ga dediausneziilu <o
w A v a a A4 a a 4 [ v
e gduvuvsssialignuand 13 luarsan 2.2 dah 2 daiiad 19 (Jusdanuoay

mwzdmualifuIngaamududainios degrudasnmugudusmau 7 udnn

[ o a 4 a o Y A o da
Hwagmaesduau 21 daduavgruaesangnuasuniu ez ldiies 18 Tanlianw
drfignn delifunmneavSonuiu daudn 3 danlinnudvaies vz higndaludae
[ 9 Qs ©° d‘ 9 1 Y =
uassgnldiudidinuanuiesavvourdsuiez 19 lunmsdessWaveanuaaviSon

v d HE o [ ] [l 1 o N 4
viuson lUlumsuimlavewund dredrusu deanisasunars Ifiunsefid
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' 4 a e ' o o
nnglavs NIy 0210570 neududeulasmugududinarniuiavgiuasd
3 ¥ v
MW 2.4 Faliiavua 21 Tadadl 000110011011010001010 ualunisaeeseez 1difies 18
a Aa °_ o 1 z 1 = =) 3/ &) o o A
tafilanuddauinminiy dau “010” Nimdsa: Idiludidimuanuisavvoursuhe:
14
desanmevsianuavonviugaiioon
'Y ' d’l [ :’1 o o dy ] = < o : A o
90108191 010, = 2, ANTUTHam azaglursuh 2 o duiuiniesy
IngRaamudflivneuonuu 021570 fMzusamsiafmmmsavEonmmzmsui 2
14
VOUUNFIN NI
ac [ 1 dy i ° "a = Yy b4
Fmsdednyaziruilazyivansiuuiavesninoausonu Idissac 114
L4
843 o wazdrlidalalu 3 davu ifanisdanaraldlunssudedoyanas lifing

v ' 1 4
nsenula desianinaausonviway WKeiulssanimnveuniesuliavudae

{ o ' = o3 ° 4
M3 2.4 drvdumsinlavavguduiiumugrugosvosnmomvilszsuaio

t

n 2 Binary Code Decimal Binary Code Decimal
0 1 0 - 1 1

1 2 1 2 1 +2
2 4 0 » 0 -

3 8 1 +8 0 -

4 16 0 - 1 +16
5 32 0 - 1 +32
6 64 0 - 0 -

7 128 1 +128 0 -

8 256 0 - 1 +256
9 512 1 +512 1 +512
10. 1024 1 +1024 0 -
11 2048 0 - 0 -
12 4096 1 +4096 0 -
13 8192 1 +8192 0 -
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] o ' a g ° y
M3197 2.4 (7iv) Mvdumsuiavarguduiiveugrugsesmnoavlszsunses

n 2° Binary Code Decimal Binary Code Decimal
14 16384 0 - 1 +16384
15 32768 0 - 0 -
16 65536 1 +65536 0 -
17 131072 1 +131072 0 -
18 262144 0 - 0 -
19 524288 0 - 0 -
20 1048576 0 - 0 -
RESULTING
CODE =210570 =17203

dauiindl 20 uaz 21 szuaauiinilersuiod 4 sUuuuilFlumalfoade oo, o1, 10, 11
Tawswaludmflesinlifaifudos ALERT TONE 1 BEEP, 2 BEEP, 3 BEEP, (la 4
BEEP awddy daudiafi 22 8431 aziilu Check Bitsdmsuiiadi 32 azgnuanidh Tulile
v’iﬂﬁ’xﬂuwﬁﬁyfj (Even parity bit) gﬂu‘ummiﬁaﬂuwnam{%‘aﬂmuéuam"lﬁ'ﬁagﬂﬁ 2.12
nndetamsastIas unSesmneay 0210570 ({{e5auM Function Bits, Check
Bit 1Az Even Parity Bits 1§20z 185 WadvesminoauSonuiuaed

a1 (Message Codeword)

L3N 109913 IngAaa udI 3118y (Numberic) gﬂuummsﬁmﬁﬂﬁygn
weras 13 lumsnedi 2.1 sAamvestnmsezsznoudimuguansd iy 32 a Tavf
Sausnamdu «17 terue uazsﬁamﬁyﬁ):mamﬁqsﬁamammmamﬁﬂﬂmu EA K GRETN
‘ﬁnmﬁfﬂz'c‘?yuqmm;ﬁaﬁmidqsﬁ’ﬂﬁwawmmam‘?aﬂmuﬁwia"lﬂ wolimsassianm

=1 A o 1 yqy vy ~ [l J: 2 g
then nislimsdadyana lddugaas uadnasiezdwmonundiu 1y Sefivine
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sUuvvemsasunnaauiEINYIU 7 67

7 Digits Identity

oj2|110|5{71]60 (Address Plug Code Of Pager)

LSB (Binary Convertion N )

MSB|{0{0[O} 1]1]10]01 1| 1| Of 1 1.0 110[0{ O] 11 0] 1{ O] Transmittend usedto Definet

e

Transmittion Frame

111 Iy LETRI (N W kebel W [Ty B, oD [

1 BITS 2-19 (18 BITS) BITS 22-31(10 BITS)

L1l jol & Eh=id=H | PA JEESS0I A ISl A

- Check Bits

Generetend by

I Flagbits Funtion bits bit 1 to 21

Even parity bits

0 : Address Codeword Used to difine "A" to "D" call
1 : Message Codeword [bit20-21 (2 bits) ]

Transmission signal

U 2.11 puuuvessWanunaaviSonuu

-~ 4

|
|
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M519N 2.5 AMUBINBIAVS INUIU

nfl2345678901234567890123456789012

BITfT0O 0001 100110110100010000100001110

ANURZYAUNINAIHAmIMTRney udnmsdiufimieiezgndelunundda
Thounua Tagi hideasudeswadmunoevSonviuBaassinas Tuingaamudiu
v ] 3 []
duaveziiievasiilvavgiudu Moamune HYPHEN (-) inSesnuio [, ] 40931
as a A { 1 a < s
(SPACE) uazdgyydnyal URGENCY “U” adeyaiiuaaeaniiniinovesingdamuda
a 3/ d” v dy 9/ o a o
pozlaguuuuil gluvuvesiviastss 1davgnaessiuon 4 aunu 1 Savse gaveq

onvszdmsvInmsgauaasluaisian 26 msdedavnmsvesdnvssudazdinzda
0o o a o 4 2 g a 4 0 w 4 1 =Y 4
WudrwuTaesuendadt 1 sufluiafifianuddeiosfiganeundmudaeiafi 234
o o [ @ 1 [~ [] o o =y 1 @ o '
iy snusziaeien lilfszgndsamduldauasy s @ 5o 20 dade 1 sviad1v
] 14 ] t
o135 lasdiai 20 TamdrtesiSoeniniad 2 fediafl 21 veasHamvans
fretrury desmsdwnaaiiuminoayInsdmit <0223 358985 IAuAToq
o £ g A v oo 1 d g o ' o oy Y
Sunngay 021570 Fuiluninsauduiiudiedniiuds srdunginesdnadeqld
£ o $ é o L3 o a 1 4 A as o 1 ar ; s
sHadnanImiesdamdmsumsds tiosnnlunilssdasdaduay Tdifes s da
y [
Wiy dazauyANMIAIngavEenuIMuazims of lumlsugaie vsuii 7)
14 * ] [
YouuNINed fufuiilodediodonin <0223 Tuswasfiaosveunsuil 7 udr3edes
n’: b (%) o a o o o v ] 9 o [ @
dudrgsammsssveatungda lneuudavsaudiomsuusn uaz <5” dmsusvia
o by = [ d'i 9y U LY 4?,
fgameveunsu@edfuie 1ins zendaniu
2. IHAMUBININIINGAANUAITUAITNYT-AAY  (Alpha-Numeric) @15y
s nmsyiatssldnyusInssadunnde wazgduvumiioususwasidnms
voaguduauynlszmsdei ldnanuudrluiaded 1 vessdasiiasudaziinn

] s o =Y d’ [~ ] @ o as =R o < s/ Yo =3 a
HANATNNUATIIUHIUUA lu’iN"inﬂlﬂuiu AIDNAHIT-AUDY %QﬂTlﬂHﬂﬂQi‘U%TN')HUWlWU
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2 A v w o 2 . & Y Yo a a
nvu ﬂ'lllll']ﬂiﬂ']u luﬂ\iﬂ']ﬂlﬂu%:uﬂ'lﬂﬂyi - Al %Qﬂ']!ﬂuﬁﬂ\'icl‘lﬁnu'Jul]ﬂlwuu']ﬂ

b4
YU MUVINTFINUBI POCSAG 1 #a8n¥s M30 1 8nusy sz ldsuauiia 7 adaeiu

M39N 2.6 FASNVTTVBI AT INGAAMINAITUA DY

4 - Bits Combination Displayed Character
Bit No. 4231
0000 0
0001 / 1
0010 2
0011 3
0100 4
0101 5
0110 6
0111 7
1000 8
1001 9
1010 =
‘ 1011 U (Urgency indicator)
1100 Space
1101 hyphen
1110 ]
1111 [
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MINN 2.7 sHaveINgARM T URISAYT - ey

7 - Bits Combination

Bit No. 7654321

Displayed Character

0000110
1000110
0100110
1100110
0010110
1010110
0110110
1110110
0000110
1001110
0101110
1101110
0011110
1011110
0111110
1111110
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M9 2.8 SHAVBIINgARMUAITUAISNYS - Aaiaw

7 - Bit Combination

BitNo. 7654321

Displayed Character

0000001
1000001
0100001
1100001
0010001
1010001
0110001
1110001
0000001
1001001
0101001
1101001
0011001
1011001
0111001
1111001

- ~ - QO M W U O w » o

O zZz2z Z - R
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M3 2.9 SHAYDIINYAAMUAIUAIENYS - Aav

7 - Bits Combination Displayed Character

Bit No. 7654321

0000101
1000101

= O U

0100101
1100101

[95]

0010101
1010101
0110101
1110101
0000101
1001101

v AN 7 [ & K | 5| D (St

0101101
1101101 [
0011101

Il

1011101 ]
0111101 A

1111101 -
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MINTA 2.10 SHAVDINYAAMNAITUFIONYT - Aaavy

7 - Bits Combination Displayed Character

Bit No. 7654321
0000011 ’
1000011 a
0100011 :
1100011 c
0010011 d
1010011 e
0110011 f
1110011 g
0000011 h
1001011 I
0101011 J
1101011 k
0011011 ]
[011011 m
0111011 n
1111011 0
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MINT 2.11 SHAVDINYAAMUAITUAIBNYS - A A

7 - Bits Combination Displayed Character

Bit No. 7654321

0000111 p
1000111 q
0100111 r
1100111 s
0010111 t
1010111 u
0110111 v
1110111 w
0000111 X
1001111 y
0101111 z

1101111 {
0011111 |
ot }
0111111 ~

L1111 #

ar

nndnyuzvesnsidenluaisneziiuididausuisde: hisgluswadin
1 U J @ o % 1 [y <] ] {1 (-1
MsABMAIZATENS TN INIHAMAI NS WUy dnws EFH fudu dneshdeudy

7o a A A a vd v o A o ' o Y 1
wungusuiaimasezgriaudifudrssaioudewznanluidess 1t
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sHiaAufian (IDLE CODEWORD)

ﬁ'ﬁinmsﬁdmmmawiaumsf?yuqmmwsu iﬁaf‘iuﬁﬂnﬁyﬂzgn‘idumusﬁa
flnd o ldiMsinfuSasuaossad 645y tazlunsdifivnarsfiazdmunasrion
ﬁfnzz?yuqﬂunm? siadufondes Idsunsla I fie Wasuulamsudregudy guuu

voasvasufsutand 13 lua1519h 2.6

M15191 2.12 JUnuvYeIsHasuoy

{nf12345678901234567890123456789012

BITI0O 11 1101010001001 11000001100101T1°1

2.2 MIaisHada I sauaNNdy

2.3 m3dnsvia uazeeasHauaunnudy

dmsumsadndyana DTMF ﬁgummmsa"1‘1’;'"!0%17;94a"ﬂmtﬁaas"nﬁnmmﬁﬂa
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3. Phase Shift Keying (PSK)
o aa dy A =Y L= Y d' A
lumsuograndyanuadasativin luaumsilinesae ueulaga aAnud ¥io ilaves

aduwmzezilasu llawanz 1 u5e 0 vesdgyanauuaiUue

1 L

2.20 FYQNUUAUUUARAIADA

=h.

51

M3 2.13 fSsuilsritmsueqaanuuATABaLazIBULABN

MIVOYAANVUATADD | NMINOYPEAALULLDUZADN

ASK AM

Amplitude Shift Keying

FSK FM

Frequency Shift Keying

PSK PM

Phase Shift Keying

2.6.1 M3naganMueNlagn (Amplitude Shift Keying)
n38iUe ASK UASATINII OOK (on-off keying) N1 IAAUNINEYNATING on/off

o

o a .d A b4 2 o a u’;’
mudyasndlu 1 v5e 0 Mndumnzimualag Acos 2n fit AuiudyaNU ASK 9
° <]

Amualdiu
A

{A cos 27f .t dodoyanauiu 1
i

NOE
S 0 adyanauiiu o



45

1 0 ] 1 0 1

sl ] ﬂhﬂﬂ i
i ||[[[] UUUUUU I

-

A cos 2 wfct for 1

S(t)=
® 0 for 0

gﬂﬁ 2.21 Amplitude shift keying

2.6.2 msuaﬂmﬂmqmmﬁ (Frequency shift keying)

Fmsunsdveg FSK mmn‘um'ﬂauwmw 2 ﬂ’J']llﬂW‘M ﬂ’)nlﬂ fi dmiu

<]
wtnafidy 1 uazad £ dmsudoanadiiy o

Acos2r fit Wodyanaud 1
5@ = Acos2 7 it i

dUnstived PSK uowldgauazanuderaafiug inital phase YzANAUTINTU
Ty iy 1 nde o Aoilavosndumne Acos( Acos 2nt it + o) vziasu ey

aomzvosdyana wu e o fu o nedidyapafiaoaiu 1 uazire o iy < nsdl

dyanaiaamziu o

{A cos 27 ft odayanaud 1
50 = AcosQur fr+rm) G



46

GGl

WRLUUA
fl |2

S
iiATATAilAr

gﬂﬁ 2.22 Frequency shift Keying

—

2

'—"3

D

1 0 0 1 0
SynIm
LURULLIUG
|
| | | | |

i Al I

Y
PSK 0O t
-A

gﬂﬁ 2.23 Phase shift Keying

deta
2.6.3 tNaB¥NNADBY (Phase Shift Keying)
Tasndnmsudanasuusnvesnaunvzisuaun Swauvoadasuusaile
2 A 4 Y o Y e [ Y
PSK ansavziiuduld dusaunsouesnizdyananediusueen ldedugndes
[flesnnszuuavaealdswagiuaes dyanantneamunsoszadldlagld 2 initial

Phase iFuniiguaed PsK iaiflu o dnfuswa 1 uazaiii = dmfusva o



47

0 «—~n —+—— 0— (1)

317 2.24 203 PSK

U

3
~4

asunwesanmsasdyanuaiaoansouiy 2 dalunauderdu Tunsdifiazliog
] ¥
ssWa 4 dadaeiuf o 00,01,10 uaz 11 leeldsiaiswduilifioudura 4 wla

dyanuainea 2 dadsaunsadandonduld

a1 2.14 dyanundaea 2 danvzamsounu

I st bit 0 0 1 1

2 nd bit 0 1 0 1

PSK 119 4 MaiSuusniSonin quadri PSK (e 0 dwmsusve 0o, e o2 dwmsusve

o1, (e n dwmsusa 11 uaze 372 dM5usvea 10

(01)

NI

L 0 —» (00)

<« Nlw

~
-2
O
o

310 2.25 Quadri PSK




48

& v " e ) v o a 3 . . o
WaRDINITITANAUYIU 3 Haliwseu 9 AUIEY 2° = 8 combination YBITHA

o

s

y v A o A o A 4 a ' '
U 8 W‘lﬂ' PSK %Zﬂﬂ\ﬂ‘]ﬂW@ﬂ'ﬁu mammmﬂmwwu IHIUUANTIWITONIUIND Y
1Y

asaRinn uansdinunMvesdygnUNIIA T UIzAIa

(011)

(101)

317 2.26 8 1at PSK

2.7 19035NUF UV UATB3 VT INy

A o
2.7.1 10594951 FM
ar dl s =4 = s = ) d. [ [~ [] o o
UNUAIUDUATEI LENIOY TR UARARINLIATBISUBIDY LINTZUANANAUA
¥y v ]
UARMWISVUIUMTANAN Y dmsuanudna unesld 10.7 wnzdsaa hied9a
dygranamazie IduuudiaivessesnianefivsSudaananeidy Idanudidies
o =3 {4 N ' A a a - o 2
wuvesdgaauerion Rdunnniniosdeesziia £ 75 Alaldsad AuHLLUAIAVDY
4 19 v a a [~{ ] a o 4 [~
5095 uABallA 150 Alalsadiiusdinies Undinirelvnhedndnisedly 180 89
a a 4
200 N lal@ a1
at é 1Y sld' d. a 4 ~ v d'i ar
auyAIuIguATesy 3nanud 100 wnudsadgnianthiladouluasaiuaiu
2100 wnzdsadesvrwersion azguliiaiud 100 wo@sad uazinesvenn
a ./:,’ yd' A a o & o ' acny
Tanoavoadaamasiiuvzgu 1inanud 1107 woz@sad uanlodyauriunssudt

wame Tsaod luesinesudmannvesniudezlsingiduyes



49

fgaIna
10.7 MHz
WITULY P WINVNY WITVNY finneaf

finiwef > Afeef
ofiav 1ol nfiaw 1avdu

97
Ifmm 98.7-118.7 MHz i
DRYR/IAIRDT VEIULNE

dlwa

d’ as A o o
31 2.27 uwudsvounToeTUIENIDY

2.7.2 193U RF
d'n: Yo v =] an o 1 '
hileuldiuliog 3 uuy A92995BNMABTIIN 2VTVBUATIN 11AZIN0T
¥ =4 aq v y ) Ju’: an 4
vorwnuumealaa  ualunsdivenesilfilaunumsldmaudanesiulsesdinmes
1 o = ] v =1 < [} a
Jwnsznlaswiluveason uazrvswaswfvznarniduisennasiuduaasly
{ [ { o aa I [} H
i 2.28 dugdiuaanessvnedyanadiinmessimSeveasiy JUh 228 (n)
2957 lFnsmFaand Faludaldtvhoueglunaie A Tasdadumu Ruas R, T2993
[ 3 a (4 A as aa < v ] o
puiandnBuyatasmusidyaiievnedygauilnnudedludiuanuds Ta
L < d’ly = a A q Y a
UUUFUDINITIUNITVIWSION Usianiidoslinsaziiun luld e sverainanis
a 4 ° [~ o e [ a a
soaFaaununeziainuiiuinsvnenduiauiiuiesesadiame; mseeadianly
daa & = o ' < A A Sy 1y o q ¥
hilinadumsizimsfloundvuuuuinszninglassivieduq 7iludeemsiliaees
a a t:i t:i Y ac o ° Y [y A
YerwnaMseaadaninudge 14 Iimsaziiunesi 1§ laemsflounduuuvauie
Indwiumstleundunvuwan
{ - o | ] o 1 a
lunsdiisveneersion Tdamladsgilfi 2.28 (v) Aadwiuuddunaduiiuaudys
T [l 14
nNn daueveein ldueaiainag (Dual Gate) #a31lHi 2.28 (a) W ldpuanifimiiou

F) { ! & (Y
il lugii 2.28 (v) uavunadnuninansaldmugudanmsvesveases 18



50

LaliligliDligl:l >

F— e

Kl alilnigld

+Vee

(¥)29959070 RF N 19101vln

NFEWaINA

+Vee

() M35 IonR 1Fuvag

d' s (] o a 1
g‘l]‘ﬂ 2.28 ﬂ’JE)EJ’N’N%i‘UEJ'IfJE]']SLBWKHGW]'N"]



51

J
2.7.3 WIINNYBS
) d’ a 4 :;I o E) d' o e = ° LY v
mivesnesiinesiuimihimihdyaiu 2 anuduihmssaudutas ldany
$ v o o’: 4 ' o
dnadveIdyguiIaeInNud uivesnilu 2 Uszan Avdlsuinnuendv (Active) Tay
9/ o 7 A < n’: (d'l d' Yo v a s &
ldnsudanoinio lodsauiigunsaioug nlddasmsversunlasiines Faldly
MSHANATUANMND tazdnYszianniie Avdsuanmadl (Passsive) Tag 14 1a Toada laid
14
miveredy i wenaniil 2 Yszian Asuvuauga (Balance) funuu'hiauga
. o 1 a a a 4 o Y =1 o v g 1
(Unbalance) aslinirose: luifadfnSondedunaziu Adodyanaliidaasaszning
s wadd ) o N 2 v M
7 quaulatiFenIINMsUensenIngInge le laatu (solation) Femunanmsudlva

~a )

I~ o { a o g
guyavesnesinesezifu digilil 2.29 assesanlunsdlvesmasueziuimsuen

o/ v
o 1 Y L4

v k4
PIsznindiosen uazdieeadiamesiuszes lilidyaaseadiamesdounduy
v
pon llgmeememhldidamsunsnszoweenlild tazmsusnsznitedrension fu
.’: ' a o { o y [ 1
¥ leerazel Iddyananiinnuwedaseiunnud leiidaasaidn lilgreesvesle

=~ " 3 o o = [
v lunsdiveamadanasiosan luiiusafsiiu

Nt RF

&
=4
o
2

A IF Sy IF fyanm RF

fygueasdainand fyyrmessdsainef

JUN 229 dednlinresvesmadulaznnsy

v ¥
dmsuavesinresuuy ldaugaiiussliquantdlumsuensznineda 1416a
A LY = o (Y Q’: Y Yt [ Vet
miloudunesinasuvvauga daiudimndesmses Iilinsuondyaaldafe:
Y v g o = 3
doaliesiamessislumsnsesdyaudadianin

westinesuvy luduqanand13lugdiizzow) Alfueaadadiguayiia

v
as

v
Y932995 ABINITUINTTNINTID0ATIAIANDS A UA 1D INIAAOUTINAUATEH T

:: [N o o ] H 4 o w
91510 uazd oo luAssfisis uiludsldNames s lunisnsesninud efisa



52

8 [l
faanuersiediilhidaaeadrgdnloron 1alugili 2.30 (n) sz lfiaumaTaotloudyana

[

seadiames M duazdyan 015w imuna

e

_]____ o+ Vee

\u

NFWOINA

Anlanes

paadaainad

(M) Mstinesn lHama

1NIRABE 4 Ve

poRTRIRLADS
A 4

<

rmN
®
| #
IINIWAINIA 75 g X |
3 3 :l: AT LN IF
= — = = = +V

() 2asiinsesnlduomva

d' ) o L] o
317 230 2estinesuuyliaugad

(¥4

2.7.4 15V Tuanallon

v o

youmamnseafufimilouturesvversion Wowdiimhiinmsiauiiuandis
fu nanfe esvswersion mnihiiveedyia Taeldyyiusuniud (Noise
Figure) Anfou (Intermodulation Disdution) ¢'1:1ua:611816??&;@;1&1*ﬁﬁmmtmmﬂﬁ?a
vou'ld (Helaurtinndg mhwswwvlaLawﬁmﬁ'wﬁmmaﬁu T TaefIHade My

g ey o

o Cll L
[@onsu fgtlj'lﬂ!l'l]ﬂﬂﬁﬂ uauﬂmauummmmsumummmmaumtﬂuim



53

AIUBATIVY10V093995 V101510 W 92 1IA 10 B9 15 ATIUA dIUSATIVIIUDIINDS
loteraziiamnnii 60 tadiua
[ o { 1
29959818 latoWuiieon 1l 2 Uszian Avtlszinni s vognarsanesiy
as 4' a s s P~ aqdy 3/ = d”v
fuaiasuiu It 1dsasveuazFanddaamudeams 515001995152t enm
imsvgrwutundy (Distribute Gian) Bn1lszinnniisfe 1921995 9aifen v fivee

¥

1az29959n  YARIUAUTIaAAIA Tasmniz idu Hames lideserdonisiasusuves

14

oy QQdy T ) <]
Fanadna 151501 sYssaninlsziandasvenodudeon (Lumped Gain)

$ ' { (=] '
Tugdh 231 naaeesvos lereWds aanutande aziiudr i1 1dndeuias

4

a u‘/ { ' A ' vy
uiagu (guassdiufe A lwsunsuassiun’) deFoussnituaas quaula

14

= of o a2y, ' & o A
Q‘Uuﬂﬂﬂ‘lJ'N%igu‘ﬂd 3 ‘lgﬂ?ﬁ%iﬂi:lﬂ‘ﬂu mYn»ﬂuGlufJ'luﬂ’JﬂJﬂﬂ‘lfl Iz

QU

)
@10

waM =4

Y v
uauliane FianalanesnilszanildaSansafNamesvsewainfamos

4 o o é ] s
lugzuii 232 uannsvaneleiewils uiansasveudiudouds hideansyugulu
ey A Qndy b o 3 ld' (] 9
esmsznuaulAFiandn Idesnuuuhda luflame fiegais luaeesudy
4 [ o Y y
Tunsdivearesvene ooyl lumamsesdsfvsidnvazasendunu@orduiidae

uad U Ingyszaudyana (unsdinsesds) dndiannnuds sasweresahisuiludes

unnemilouduesverw IF lumanseady

M
finiaf

31 231 2wesuee 1F Aldmdeurlasguszniiuans



54

Ay IF
ninRawed

U1 2.32 20939810 IF uuyldnSaneailames aruququauliadianain

2.7.5 1905090 F1aINDS

v sduiadygruanudge Mausniuaesoug awlwases wulums

1Y
o/ Yy =

uegan nsHanAduUNSoling sauivlddyanudwdwendiamesudaziesaniiive

Feauandniuesn ldmumihnlunsesing msesadianvesrseseeadiamesorde
o o d' [~ @ o A:i [ & b

winmsPeunduuuuwin wesiidludrdmuaniud emifuasgu L vieernesld
a t a § ) da in 1 A

aSameanld A1 Q vennesdunn anudiiesezesadaantenadiludeu (shify) T
gt © a r— | s " a :;‘ = ° 3 =) d'

Idhedmiuaees Le fish Q Wesninsanea axiuduiiiiadosnmmeanudvens

a a o ] = v ) {d' 9
IATANOADDANIAINDT %ﬁﬂﬂ’)'l’)\ﬁ]iﬂ@ﬁ“]ﬂﬂlﬂﬂi‘l’lfl‘lf LC $374a

+v

Usugu
-
aNU0 —

2 DN P

- 4
LYY

(MIRsETAIaoaTiamnes



55

z9v

Yiugu

mmﬁ \'

2993BAITY ‘I:
aungil
AUNY |

vswd
Gnwe{

¥

Ll

<

() NADARVAADDATIANDS

ar [}

JUN 2.33 drednvoinsesadiamey

¥ ' [
Tupnasusisududeadenasansanildlulrsesenadiainasifio 11995
= 4 d' d' : Y a ] ] =Y Yo o
epadiamesannsailasuanuilumsesadian’ld aansadiulnginionldiuie
] ] 14
A lugae2 8920 wnzEsed Sidesmsanudganniil vxdeeldaSansarniam
uuv Totaas InU (Overtone) 1¥uis11HaSanoaduiinaiudersueilad 29957114
o o dy ° [} d‘ = - 4
asaavauuulenes Inullamnsarauldlugiennud 100 89 200 wnzesad §1van
9 ot é’ 1 d" g yad a 9/ o A Y 1
1deamsanudgu lunhilisides ¥ asguanudTasldeesiiadnats deds
] v v
weseeadiamesldasaasauvuTones Inuuaas1fluguiz.34 weesiifuoaes
PN o = £ g a ° P - o a A a ~ 1 Ld
R BlaMBsHULINYY Fuilunsansainuiinnudesveiniian HouSoniilenes

Tnuitaw (3" overtone)

+v

Yiugu

o
Aud — AN ————

e 1
e BN

| WA

- <
untyoq
e

/

UM 234 2e5Tenes Inuseadiames




56

2.7.6 31495 AGC
d‘ as [} 1 o =\ 4‘ o o/ ‘ﬂ' a d' T [
0305 ud U Inginesll AGC oSNNS WEIBYUATOIT UM 137 U595
A [y A 1 d
aauldusamsossunay
a a ] [ a
nanmsnan I AGC uivoenlditu 2 350
1. TWANNAYYIUNINE (Carrier Dirived AGC)
2. IsHAnINdYaUIF (Audio Dirived AGC)

e ar

n3easudinlngldiTndaondyaunine Funnzdumsiudygausidy
, .
31z W AGC szannn3erpstusgiuauuswoIdyaIawIme ua lunsdivesdaana
1 [ ] ] 8/
ssB aaufiduney lufiwme wsizldgnitanmzesnlfinTesdwds aniud

o ] o o i o
dyaa91n BFO @aaoaidn 11819959010 IF 1591995 AGC 18 dasvensveansossy

v ] v v
Aezanashie qfinSessuewersudynnaldesulutraiu it ace §1dviau

o o v A s a sy °
muanuuswesdyananivll miesuinarianlditnganmsinuiis ace lu
l v Y 4
n3@iN299s BFO v atliedesdululddayau BFo Whluiid Ace viaiia
14 14
wa1a wazlunstifies 192995 AGC nlsudauiio (Manual AGC) unu ful5uiivnsi
138n711JUINU RF (RF gian)
71N 235 (n) vaaaeskan I AGC sndaanawime dyana RF 91029950610
IF szrhumsisndnatw Taglalen D, uazesediviwsves A, dalvlusa’lunugy
. ¥ 1 ¥
2N5U10a199 i AGe szamavifesudynnaldusiu Syasideams vy
Q' d’l zﬂ' as dy ° [ Y q’: tﬂyd
AGC myywiliodanausdiu meansoildlaensndudalalen D, 2995 AGC il
' o ' VoA Y 8 ' -~ o = A ' o
maedaa1eg 2 A1 e limsyianjuuiaSeunganas hilifoans aiven sinsdana
i o d g o
ndenldezdeld Ace hamidsiasmiell Attack Time 15aaz AGC Auda
(Myams9119U) $F1m301 Decay Time UIU
'R 4
Tl AGe szifannmsdszgsiu R, fu € daumsaelszgrug R, dusides
M3l AGC S auazilaesdh (Fast attack, slow release) 1593091 A1w04 R, Tanios
171 R, 4109

A v

o LY o [} o =1 {a
Jodrdnnotsidesdloadulilidynyia91n2995 BFO 1dnasaidunduya

b
b4
v

1992995 AGC 1 14



57

MNNITVNY [F R R2

b @alUf993 AGC

+W

() siuaindall AGC Mndyanamive

AN

D1 R1 R2

mmmsﬁua@lmma{

sty

WITVLNULTE e =

@) sHafnan T AGC nndaanauie

519 2.35 2995980 1N AGC

u

= =

Tug1fi 236 () Huases AGC findn’ AGe NMNATYYINUAII99T AGC ¥iafA
iMioui U993 AGC wiausniuua lunsdis IddyanauBoaiiudunaunu Arnedn
nafdenlsiefondnms@vaiu uiili ace %:a¢1aufiaﬁngnpm1§mﬁa"ﬁu 851
doams Ihiiluasedwde W acc Lﬁnﬁutﬁaﬁmm1mtxsqﬁu nsoh 1§ laomsnduy
Favedlalen D, SnFudy

Tuneudu1deTuedaglszasduasndnmstinuveiees ace Budwaduia

. v
Tuns@inlill Ace mssudyanmeunailymdadl



58

v oo = = o v & = Y Yy 1 d
1. msdudyanamnamiunaniazivlduse wiounamiiaziuldeeuiuma
mlfdeulsuanuddididdudyanaiudun uadll Ace anudezasiiudilaey

TUsuaaiioun Alianuusvesdyguniadu
14 v Ed

as oo 1 : 1 = . & :: = [
2. dygaunsyldunnsiferiimsmie (Fading) nieunasausduues il

= 4 : A o o 4 s i
(NA91nN151AsunlaveIdnInUIsoIMIATIAA AU NIINITUATIT V9T AGC
AusaFIsnYITEAuANULsed gy Iiasiul luurensdleciinisaamisues

GRITIRL

4 =}

4 [~] g a  a a é 4 { s 'w
3. TunsainihuniessuIngaasasudadunaouiliin dyanunsyldeztinnus

v

[

yosdayana T 2995 AGC sxdevay s sAunIus Inedi
MsnuRUERTIveYeINneszlFitnisilon I luda e199:1855 ludaasedaon
W5 AGC 759 (Forward AGC) 139901991975 ludandumaisenit AGC ndunn
(Reverse AGC) ﬁ“qmﬂ'515ﬂs1mwmwmmmc§ame%’ﬁymmﬂﬁiﬂuuﬂaq"lﬂmnqﬂm
Nnunsenszuadiianes
luszuy FM nesdiimmesasihmhifiudiidannavesdyanoedudi Tisu

g

doall AGC Bnduunndeamstlesdunis Tornes Inanieesaiuni Wy msaansy

[

udUNaid1g1995U810 RF

2

d
2.7.7 aliaune 3
as o 4 | .
erigfgmmﬂwu (ﬁmmﬁmmu"lamﬂ) ‘0']ﬂlﬂ'lﬁ?’!ﬂ“llﬂ\i')\mi‘ﬂﬂ'lﬂ‘lﬂlﬂw 919921
s aa o ° 9y d' a [ ::I Y
yanusunIudzuin 2wsdiawmesvzimimadddyanaiimediuniasdu

b d
0 w A

u’/‘ ar a { s 1 4 L3

au sawisdyenausuniunezgniansldlugin 2.40 dungianudvesdayara

=1 1 v Aaa e = o aa o’dyd 9
pvliBunsuasnds dlawes lillmsdsunilas nénmsveresaiawmesife dus
mnsflendyiuiiiueulagaiiugiinuveisesaunssivssveaianis
Aneod dmindygnaleen iflowdnniuemlayatssmnnierdyniniwsdinmes
wildyanus uniwdusenuiniesa loerdyn

Yy a o ~y o’dyd v o Lo t

drdfeunenilagage dyanasunusfonldsingmssifiiianudniugium

a @ 1 4 o <

“Quteting” ¥84n1ADDA lol0IANAANURIVBUTsazA L IIveunT o Lo WiBY

[ ' ' o Ay gy A v A Y a
ALY lﬁ'l]ﬂi]3'5xu'JTﬁﬂluﬂJu']ﬂlehJUlﬂiJﬂ@‘lﬁﬂllllWWTHZﬂﬂ'lﬂlﬂﬂ'ﬁj@ul‘lﬂuﬂ’nﬂﬂu?!ﬂ



59

A as 9 o t:‘ as
Younsedsy i lddyanasuniunniesvnadoanadly 20 dB msfezaadyann

v o

v A

sunu v idnfevnedygudunaliuing welezduliesaiinmesvavduygia

{ o [ ar aa
'iUﬂ'mﬁ%muuﬂngﬂunmmvlmu ﬁ1ll14aﬂﬂ1§"Uﬂ\1'J\1i]iﬁﬂJﬂlﬁﬂi{

]

e r . ML
NI ARYE

q' aa o o e d' =)
gﬂ‘n 2.36 NATAUANDTIZUIN iyﬂuﬂﬂ!5"Uﬂ’Jm!’ﬁ:,’ﬂ”lilﬂﬂﬂuuﬂaiﬂ’lﬂl!ﬂll‘Ll’ﬁ‘gﬂ‘llﬂﬂ

el d
ayaal ewioy

2.7.8 HdvisemnIad

] 1 [ 9 ]
Twnsesiuninnu hqedyaruduyaiaoonmmegnuesiusedu ietlou

o

12 o ' ° 4 o o [
Tifidyana (iflwme) I Ace Mldisessuiisasweaiy

1 o

= s o
NITAUNAADT uvzh
d' d' o

ninseesuvvesunday

QIUTUNINBDNNT (T vosdynrmsuniufioonuivsadie

°o_

AR 19Ny msmfnmﬁamjﬁyxs11‘1’;'awsmﬂ'zacfﬁ§‘aﬁaﬁ (Mute) 2950 ALR D
Tnawyiia Tugdii 241 19usedu D ntlaillaaeesuedos usedu DC dang1ieziii
dadrunniuivanusswesdyanawmziidouldudasaing Q, dodyaruiinn
459 useed DC vzt Q, OFF uiaﬁuﬂaamﬂma{qﬁyu lalea D, vsxtihnszua
dyanaudoarzinudh iy hunsesvens1d fmnwmadugud o, 92 oN whllalea b,
ngainszuanfSouaiioudaies dyanusunnfegnasatudlillveweend Ing
g 237 uanmdnmsiawenssantaddnsianiiesionldiuetuuns
aw furesmaraduuy I dyarusunauidy vwrumstudy de doynrudyain
sumu'ﬁ11zﬂumﬁuﬁtytywmsf“remxgﬂﬂsmaan%mﬁ"numpmLﬁmua:mmsnﬁmmﬂu"lﬂ
pc udaflowdr WnlSsufsusussdudradadsu18inesSouitouudait iy

aang Ihidla-Tadunavesdyanoudoeivzeen lvene



60

+Vee

Atygymdog é R,

nNITRmaned —_— ] umavenmdns

W oc e >
2vsfinanad

iRz

31# 2.37 2esamraduunldwnzded

wouEINANIY MuSvuidivuusing

dunwelus ->———| l'——o'l f——4

<

>
%4—» LAt

NAAAS
N
L %]
| -
i

o

311 2.38 2vsamradusunsesiu FM uuulddnnas unauidy

2.7.9 29050MAINDS
a 2 o % g A A ~ ' = ¢ o
alavAmameinesamawesioidy NdehqaSeninwsalaufmames dauaas
Tug 2.39 (1) 919209515 Tanned 2 9gm A LiL, A1 L,C, Taogulimisnevausenin
it o [ { < ' t {
ofidnwazihudulfe mugii 239 @) sztuimsquveadu I8 T8 quanudna

ngeaveadu 1 udnrudnarnzegludiu lvdaansea Tatveudud

Qs @

a <] o :i 3 o < &
auydAndygruduyaleed Juanudnanifloudun dyanauerdnaesi

[ e 7]

ey 0 = ﬁ'

[ 14
uouldgaogiidunduiorunisaimaiilalea D, dyaia loewlinnudgaiiugen

U

[
a =y

sUR 2.40 srfidnvanihuduld Lﬁaﬁmmm lowiinnuddas ueuldaanilouly

L

=4

"lﬂi'ﬂﬂlla“’ﬂmﬂmaiﬂﬂﬂﬂ'l %vnﬂuﬁmmmw Anlooas ﬁiﬂ"lmwammnmmﬁmmm

(4

Toion nJaUuuﬂauﬂuﬁtyqnmmwmmamwm‘n"lm:unmﬂaﬂuuﬂaqmumma



61

t 4 v

= I= o’ o o 3 4
msamaitialounldoudygranevidy Willudyaraueduidensundlvedim
as = a2 P}
adyanu lwpudsimanei sl laToasssuan
ad dy v a Y ~ ' v
Fueauvuiiszdosissavindunanouausinlivesessvie leew doumih
= ‘Y a v o o <o @ Yo
esa Taudmamesaie Unaudrnisguides luoinanudis Tauuusi Idsasnmsve
as [~ d' 1 d' o c!y [~ a s [l
g5yl i ldguiveavesdyana  wonvniinnuiludifisivosdu
4 o g d g vy d
a1n vouduldilumsnldounndyanaedion Wuewnluasssuiiuidunsares

= dyd L 9o =
%uﬂu%ﬂ‘luﬂﬂﬂ"lﬂiﬂﬂ’ﬂiluﬂn

BuWe FM C1 j.Cz Ri -l- Ci eiwanden
O

a4
ANUAMNAN

[

-
N

UDUNAIN

<
aANUn

311239 299salavRimamosiasHANDUTUDIVDIINET

= o

¥
2 finawesriladuiiagu (Double-Tuned Detector) M9AMANDI ¥iATTzNOUAIEI

Y

as

] as ~ a o 9 I s A
79U 2 YUY AgUh 2.17 vanAegiivesmiiemlas T, szueniilu 2 ya valegmile

Y

& 'Y ;Y = ¢ ' - g v v o o oqy
YamInanesguiy ¢, Manuds Tsuuudgandinnud loed @ndssdiuvainedldga

Q 9

o y < setlo 1 = g v
nenaezguiy ¢, Ianudis Tsunudiidindinud Toedianiey

B

dygw loedianudgnimnudnan dyarseszdhlndanuds Teuuus

n’/’ e’ 1 o3 °
YOI PUYAUU Reriu dyanaluisyauvaziinnn lalea D, Nezihnszuauin



62

]
o = !

Y - = o Y Y o v
DU hlﬂlﬂwllﬂ'J'UJﬂfJ:Qﬂ']']ﬂT]nﬂﬂa'N ﬁﬂJf\J"lmﬁ)3!%11ﬂaﬂ31ualii“ﬁlluu“ﬁ

g o

v
o o ' =3 °
¥9929959u ALY nodudyalunesgauuezliawinlalea b, Aezinszuauin
v ° v o 1 1 o y as [] 2 o o s v
auazezih fussuasen D, 1nnd D, MldusAuATey R, Fulluemnaliauily

o ' A g s ] o oA & d
AUINIIZUTIAUANATOU R, VIlﬂuaUﬂﬂ‘]u‘]ﬂﬂ'J']lﬁQﬂuﬂﬂiﬂll R, GINL‘LI‘LJU’Jﬂ

T v
AaAA o '

4 A 7 = o y ¥ = o

Wendunianudndinianudnan dygraszdrlndanuds Touuudves
2asquyaanlalen D, srsudyauunndl D, D, JnhnszuaINn D, hldus
o [} o = o L= 1 a v v o v [y
AunTau Ry 1l uuanifieuduns 10ala1uInna s quasoN R, HaaW599 1ausaau
AN

14 £
foidvueanesyilail fio Msguaesss lauuuditaesgavzdosduiusiunazdo
o by o

d' v = A/ S a o
INYIN I fnﬂ'Iﬂ'Nﬂ5?'u‘ljﬂ1@]‘12@]14u\1UﬂTUJNﬂlWﬂUEQﬂuﬂﬂﬁﬁJm']ﬂllaﬂQ%ZNﬂIWqulﬂ

winildmisUSuguiinldenn

U3
GUATRIEEN

T+
Cs

d' = d a o a
31]1’! 240 NARBITHAALIUATU



UN 3

MIVONUL PITA319 HATMIINNU

3.1 HanMIIevnUUY

14
1 o a o ° o [~ °
ﬂ’]i'ﬁ)ﬂﬂLL‘IJU'iSUUﬂ'Ii’cN‘l’l,ﬂyﬁ‘Uﬂ\I’JﬂQQﬂﬂ'mﬂ3ﬂ1€11Uﬁ1Hﬂ01uﬁ iwunisia

9

Poyavninlulasneuiunes wnhmsvequanuueviema udrdsesnoimealasszuy

o & { A - { a o o
B UsTTUA 1S I Faudaduniiiad 106.5 wnzdsad dmsuniediy

d g 4 L. o d Q" a s ']
inFoaiunvzlfinTesiuingleviBusssuanin lsudyanasenuudaninniveagian

[~ s 3 o
wuy eviema senuududyiuluusdoyadnars udnivividaesdszuanalay

d ' 4 &
19 luTnsneuInsames Mcs s1 uanwwaiive LED o'yl delulaseamiitsznouly

a0 2 szunlvajq Ae
1. szuuddoya

o 9
2. srUUTUUBYa

Modulater FM M
—  FSK Transmitfion Receiver

Demod
FSK

Controler

MCS 51

Display

g - mag

3 3. 1 demsihauvesszuudsdyananasmsiy Tyanauuuuevidu

masy




64

3.2 HaPMIMNUYLITTVLTIYBYA

3.2.1 szvumsaiteyavesnoniinne s

$

Tudauveamsdedoya doyadnarsonnneuiuaes (s1eziinisaelneld

O

¢ ¥
a4

ABUNDINIINWETN LuvBYNsUATiAe 9 vunderiiy o ¥ 11dees Tuguamesues
° A [l o P (R 9/
295 eWeain  udrihmsdieoneimalasmiesdueiidy Famsdwindeyaauise
msaalagiuveynsuezdelnie (Asynchronous Data Transfer) (W5121IBAISULLI]
[ o 4 1l 4 [ o [~1 o { 4 o
Fyarauinnmiveuniosdwaznioedu lisuiude i auazanudifea sy
wivsTuazInTosdhauduiuiiudedafiryignldiud T luswadeyaiiniild
] [l 4 o ) o a y‘a 2 a 3
wh llsendnmsdaiifie Saamsniaadel uazmsatn Feadan 2 szuenlimaediu

funswdimsisuvessiadeyanazmsnvessiadoya

DB9 DB9
1 1
6 6
2 2
7 7
3 3
8 8
4 4
9 9
5 5

31 32 gUuwumsdadeyanuuoynsy

amsuTaJsTﬂﬂaa‘ummiﬁwauaauﬂsmmummﬂﬂsua toyaudasdisnusiiaelys
fmuaal linuuey mu‘uﬁaﬂmwmTﬂsTmﬂaa‘vuﬂmmawmiwﬂﬂﬂw
(Resynchronization) S¥MINAIONYIA TaendnmsvesmsSaedinlud fie anuuan
3 o =Y J 9 v 3 s =] [ -9 o =

ANYBId Y IUUIRAITEHINMUdIaz AT Ul 1A 1o u 10 (osiovud Fanune
anuihmdamninediude doyaluds 10 da Tasauydldnmedwddinnudues

s

a < ' o o @ a =y o a 4
dyananninuiinimessumednsuessudeyaldifuun 1 9a fie 014 11 9 34

Q

AmneanuNdseznaesdyananinuig M medudeerdadoyaldsay
=N ' o q’z, [~ E] 9/ A =2 A a a gy o
vaunnd duiuluudeny nilwesdeyahdslualimaiuiiacudu uazdangasau

b o y E aa a £y S A o = d'n =
m"lﬂmqm/mwawmga Tﬂaﬂnﬂ‘umsumm:mwmUmﬂﬂ'flummznquﬂmm::u



65

=3 o t a a <1 o 1 a 1 A a
2 {in w30 3 Tan 18 daiiasudusziiudenndeyasudunseivu Taosmsdadady

AuTasunudrsaoruzanla (Space State) n3odanaasin 0 $1um 1 n'lineu

3.22 NesMazaeasHad R I MNDg
14

Tudwvesnmsadidygadeyaditnsannutiunalnsdwmiu Taoldlediues

P IS 3 A A Y ! & A W
TP 5089 Fulu leGadndygyruInussnuuieiimsnautiudavdren Feiingn
(Colum) Hazl9d (Row) Aanuneluduswdihldldnnudang sonuuduiu

o ~ ' P Y Y o @ a
2vsoeasia laeldlediues MT 8870 Gevzneasvadayana InuldiTusva BeD 4 T
vuoenin s ududeninndaesulasuuiueynsy ¢eiso) nldinerifoya

JaiSouilueynsueenliidnude'ly

1 2 3|
4 5 6> — —
MT8870 -
78 9 Tg]:r’,aig of DIMF [~ L 4Bt ) —1 iSO |- 10 FSK Mod
Receiver Binary
TouchTone — —
Generator

N33 damshaumsadudyans DTME v1nInsdwd

1. MAfeATHY
d' v d' 1 d’ =} 9 9 v 9/ a d'
mmmaaaiymmmmaﬂ NYNNITDAUTYUIDYUAITENIUIINITOOATHANNUD
S| o 3 a o an = qici £y r d
ﬂﬂﬂlﬂuﬂﬁla‘lﬁﬂﬂi‘lﬁmﬂuﬂﬂ'liu‘UL!'UUﬂ%ﬂﬂﬁ HazumsasngouaNNI NN N
-d' o d' ! A * 4' s d‘d’ 3 4‘!
ﬂ’)'mﬂl!'lﬂig‘lu‘llf')\iﬁﬂlui’g'lmﬂ’.]‘mﬂﬂ ‘Hi’r)nlll LWBﬂﬂ\‘lﬂuﬂ’J'lﬂJﬂﬂul‘lﬂil']NﬂiJ LHONTID
' { n’: as d' [ =} o s U d’ Y]
apuImNuDugndes dayanuiivn Est (early steering) Aazusaiitdmiumfineasvia

v ¥ v
Tdnnanudane dunaadlugyii 3.3



66

w

2. MANTIVTOUTYRYIN
Cd y 4 4. a \ 44 v
nouivzlimsasasianiudeenllitordya szlimsasndousennudiid
" A A o A ' o v Yt o
nhfiszeznamuismuanse i Tasdunainszozinamsnatuldlianydesnin
v 8 1
Futranameaumsinsiuinsdiuiiazhisy Tasdohdyananiuhigndes dau
] ¥ q’: 8 1 o a o .
frnmeruilagunsoddddlaeld RC domeuon dynnafian Est auilu “High”

v
1t

v ! { o 4 g . e
wnIndifeesiusoznaniinutvesdyanaunnudy W e Est 1ffuHigh» v

o

Py g 2 < v 2 o 3 kY o
% ve QQﬂu%uﬂQﬂuﬂi"}fIﬂﬂﬂ 1N9500AsHE NnvashasniuduavuuIa 4 Un

J R, 2.2k

1 X, 2.4576 MHz

I G10

G12

G13

R, — S
47M L=
10
co2
§ 9600 Hz
J G4
L 5 4800 Hz
— G5
[~ 22pF \
c G6 2400 Hz
A=l 6
22pF T~ > 120
74HCT4060 , | 14 0 Hz
13
GS —
2 | 15
@
| 2
=1

G14

51U 3.4 MSADININAAAINE

3. MAVENHTYYIMANNUANG

[ a o { v a
TAUBUNAYEY MT8870 1Tlumavsestueniiiaunsadsudanverslag
J Q' s = A o ar ' =y
Agasmenenitui lduduna  Feenumseiandasvnsnnuuandiiveaduna

uazduiuauY 1d9nd e



67

* Voo
c|
0.1uF+5% c
DTMF 2
- o I 01uF
duwn R, +5%
100k =2
*1% E IN \/ VDDj ®
— e gy — R,
L—{] &8 EST[ }— 300k+1%
R, L] VREF s [} -0
100k+1% O
1c MT887004 [T O BCD
e
p————— [} o, an
1 e @ O v 4 fia
|:-——E osci a2 [} 0]
B—0] osc2 ar 3 O
‘D—T——C vss Tot;:’——J

3.579545MHz

513.5 2995 1 fieaduves MT8870

° = lﬁ’

4. MANUUARAITNO
d” = = ] = v L) o o
'lumﬂumﬂullamxmwmmaqmﬂ'lu NYINBATAADAUUIN 3.58 (UNSIFTNY

AawnsalFauldiumsdenessuiannuduanddugilii 3.6

W osc vne
C 8870 dana

a

—_——

[

[
—/ 7/
osci osc2

1

I «ta!

osc2 ] | | osci
c

C=30pF Xtal=3.50MHz

d’ 1] a d'
gll'ﬂ 3.6 MIABNITHAANINUD

3.2.3 mawlasdeyannvinuilueynsu (PISO)
Tudauvensulasdoyauvuvinuiueynsues1ledives 74HC165 Aogan

fuleFiues 4050 ie1lfuszauussiuvesdoyaliiivieauinuazaudsgi 3.7



68

+5V
%‘ 1k x8 v
11 Do 16
r
L. 12 D1
r
L. 13 D2
c
Lo 14 D2
I‘ N 1 8
s N
L D3 I
J o Q 3 Output
K 9 3 2
o D4 Q —o Outpul
g ] & +5Vp-p
5
L DS
g
i
10
o ——D7
I‘ 8
1
B _D 5] 2

Clock

] o
3111 3.7 2sutasdeyanuumunuiiiueynsy

v v
Tagmsiauwes 74HC165 winsanidonmsied 3.1 Jumsnaassiivzesn
o 1 o = 1 A \ '3 v L
wuyldhmsdedeyaswmou 8 da udaduszoznanindeussinsdadoyahu

' =2 A o_ & £ ° & °
ﬂa'lﬂmumm%uﬂuﬂmﬂmuﬂamumm CE ttaz PL mumms‘mqmmmaﬂu

rhl

=h.

3.8

M1519% 3.1 ATNANNITIVOI 74HC165

Tnuamsyau funa Wames Qn  |i1dwa

=
al
O
i~
v}
2]

DO-D7 |Q0 |QI-Q6 |Q7 |Q7

ms Tvaadoyauuuvun L X |x L L |L-L L |[H
L X |x H H |H-H H

nmﬁam’f@yauuuwnm H /i X L |q0-g5 ‘ a6 |q6
H |L /| X H |q0-q5 g6 |q6

MIAIANILIAY H H X |[x X q0 |ql-q6 |(q7 |q7




69

[11213]4]s5]6]7]8]9]10]11]12]13]14]15]16]17]18|19]20]

Clock | !
T T T O T T T R T B R
T T T T T T S T T O B T B O
1 I I [T
Data°|—m_ﬂ_ﬁill|_!l!_ﬂﬁ"lll
T T T O R (R A R T S T B B BRI
T T T T O S O R T R R T B R
C_E1IIIIIIII[I—|IIIIIII—I_]
T T 1T T T 1T 7 10 T T T 1T 117171 Lo
T T T S Y Y T N N T B
T T R O T e T T A N A B B BB
PL D0 bbb
R 11T 171
I T I N B R N R

‘ljﬁ 3.8 "lﬂa~unsnna1m1mnmsmmu‘um 74HC165

NNAIMSTIINUNMIaEINIMNe U BNIsAIURY Madudyanutieu

1WA CE waz PL tenrugumsihauves 74HC165 18Rz 3.9

O +5V
5 l] 14 14
12
. l% 3 Clock
CE o1 7403 7408 7404 [ O (from4027)
] 2 3 2 to P[
\ w | 71 ll

311 3.9 2993AUUMTTIUYBL 74HC165



70

3.2.4 1ITNRYIEAANNANNDIUzUVAIADA (FSK)

1. 199INRGIAANUUY FSK
= Yo as I o a1 o
wesilsdhmiumsuequaanuueiomnac: 14 leFiuesiRsrfulcsuequanuy
g <& I
eWidy Ain XR-2206 Faamnsolfiiuresuegaauuuienioands nmsesnuuLIag
4 v ]
vequanuueWiomn $IMSUMINAABIIN wNAIBATIUBA, ANVINISA LazANYD
MYFAIWINATFIU V 21 Y89 CCITT Aodasrueaminniy 300 aaeTurfianudinse (Fm)
AU 2,025 @50 Aud A (Fs) M8 2,225 18509
4 { Q Qr A H 1
JU# 3.10 naanesnlddmsunisuegraauuuievioain Geligunsalfiluld
A o ¥ v o

fmuai 19 Aedadmmu RuR, tasdafulszy ¢ Fusamnsasnnunmm RR,

uas ¢ 1dan

Fm =1/R,C 3.1)

Fs =1/R,C (3.2)

]

L]
XR-2206 2@

}_:l__—

1

Ry kG Input

317 3.10 299s5UBQIEALILY FSK



71

E4
o o

WM9INA Fm ez Fs Miden3isaunsednaame R, uas R, 181aoden
19m

C=0.1uF

R;=Fm / C 2025/0.1 = 4.94 kQ

R; =Fs /C 2225/0.1 = 4.49 kQ

2. MIAFNNDINOGAAUUY FSK
' o 3 A Yo Y ' R v w
1A R, LAz R, Aidwiald ssfenlddidmmunuumaiiidesynsuiuda
Aumunvudsuenld Tasarsidenldaiaidsuauuvazdoaiio Miisnnuduniu
s L 1 o H T L3 d 4 o~ 1 q’/’ L7
Indifsdumidnnuunniga daudadulszeiilduissyiahifdainmsezdonldan
=1 Py [
iszqariialuars
Tumsadrnnessdoaimsdsuuasnes W ldnuduss wazanudalsasy
as \ 4 ) A o ar 1 a {
duan lddmmualdlumsesnuuy Fusiawnsorinmsdiuuddldlesnsailsuaus
o 9 o an 9/ d‘Q :: s as d‘
winlian R, sennnesuazfloudyarudlaeadiiduns ymiusadya ad
s =& v 3 e & s e P P P o 9 Y
Wy Revdeulludyanunduluifilinnudinga Tasemnsofiozdsuanud i
AUANURINTA 197 R, , nsdiUSuanudanlslan R, senuaziutu@orsumsUsuniny

] & | Y > { o
B119n FeanudaleiiasdsuldRdadumiu Ry,

3.2.5 WIMAANTYYIU FM

rasnsesdedynuiuaneding anudidudenarsilidyaalus

v Q
14 ]

10 Ingluganaesdl ddmanudieidui lWmsda ludeq1d

s

MATUveUnTosudY

o

aelaenrya



72

]
]
200
XR-2208 i;;:’
:'—_‘—"_:
|

R, 4.3 ka 0.1uF

R,43k0 8 9

Ry 1k Input

31U 3.11 2esvegEauY FSK fildnuesa

1. MIVBAUVLIDIINTBIFITRIR N UANNDINg

Q

1 4 [
! o a (Y =]

A1580NLUUNISIATENEI Ty g UAN YA I NG U NIt Ailduese

Q

Y A

s o A ° o 1 ’
uerasnsgy 3.12Taeldmsudmans BC 558 G Qi vimthiivenedaanatiias udida

dolun Q2 Wosdyana da Q2 hmbidudmaudyanassvin dyanain

v ¥ ] [
a3 Mudyaraunndadum uaz Q3 vimihaisaudu L1 fuwes T1 duddiiaanyis

[
s

1 v o o o o o
1 lumsdaTagdaing L2 fuwes T2 Mudsunnuussvesdyanuiid

U/

2. mIrfneanTesasdyaaeunuding

A

[ [ 1o =] { = ar
NMTBINUULIATIIAIFyRMEIUANURINgIEVIBY 1993 1F USRI

{ <] ° o o
jUN 3.61a8 RFC (Radio Frequency Chock) (Humsiueinudiumuyuianuiga

8 v
WA 12 Jad adszua 1 winnz@sad duldwudroduainsouninudumius



INPUT

3.3 HANMIMNUVL91995 Uz VUSY

o o/ o < [~ - g Qs 3
Tumasudyaraes9ssuenidusssuauiudrsudyanauaziiuies

Auegiaauuy FSK ieAmadygamdumvesnudninordayanudoyaiiiduuanwa

47K

73

—-—_I-T 47K 47K Vee
’ ’ AN\ O T
gf %OK 0K
$ L1
= @
BC 558 Tl
£ L2
47K IK 15§ 7
=3PF

Q

>
i.ss K

BC ss8

: 4 1 o ' {a =1
37 3.12 2vesnTesdedyanmdunnuingoidy

Y

U

o/ &

YDA

o

o

] [ Y
Tagriu IuTnsneuTnsames MCS - st iudniugumsuaasna

3.3.1 9957 IA5Y

[

(X

gl FM

o

MA—0 ssov
R147

L1

100/16 | .047
G

§a=:°f:‘:3§gp-i~3§:‘=_l.z? L on I gu
1M | 13] 17| 10 T.: 5 |6
IC1
TDA 7000

16 Tew 9
003

ci2 |
003

R22 G4

HT o Tm« —f— -

L

15
1450
VR1

out

31 3.13 299sgunesievidyY

© G



74

NSNINUUDIIDT

o d!d 31::’ as

[ ~a ' ¥ L4
29s1n5eeiuingdaiinthisudygaaoiiingdenaneinaluresildly

1 o o
1
o

8
o [ o o I'd
lofiues TDA 7000 vnmhwidumasuveaingevioy amesluvedleduesidszney
. a &
drunmnlanoaseddaamesinaes nnves lelennlsaasuees amamss aANIA
9 a ' ) 7 o Y
yngdyanaunnudingnmeoimaaziiu Cl ldnsesuuuameaianes L1
o b ti' [ tay - ‘o Y d‘ ’q Yo
13 aswn 14 uaz C2 12imifflas cs 84 clo asvihmihndames IHduesvensuas
g o o & °
ANIANegIEAdsY 6 ¥ol IC suifundmsugumanilidedll ci1, L2 uaz v4 1z
wihiSuudaazgumaniiniudesnsun 16 sxaesulava s szaeiulvun Tay
] 1 i~ ° { [~
HIUMY R1 89U C3 aswiidames 4 sxvihmthitewiaasns g 2 axduan
I'd ° Y et d a s = 1 1 & °
WA R2 uaz C12 sxhmihifiouhSavesdygauderiu I3 M1 VRI G99z

Y oA ' a = =, )
HUIMNITI LURZYIITYINIU C15 ﬂTﬂﬂﬂlﬂTﬂﬂﬁ“BQﬂ@ﬂ!ﬂTﬂW‘ﬂu%39161'1JL‘UTJ\1'1]5%1€1']8J!§U\1

Y = d s
3.3.2 NTTININITANGIAINBIAYN U FSK

0.1pF

i &
= 1 14
0.1pF
FSK (o o7
Input
—]
__L—: XR—2211
]
R 5.1k0
WV O— NN [:
R, 100kQ

O——{ ]
Data 7 8
Ouput Ry S10kD <,
AN —]

d’ = o
311 3.14 29s5Avegaadyan o



75

gunsalit hinswmansadmamdidnngasde 104
Co = 1/RoFo 3.3)

. . . )
Taoii Fo Aim ANANANYDY VCO Fan1 149N

Fo = (Fn+ Fo)2 (3.4)
R, =Ro[Fo /(Fn-Fs)] (3.5
C, = Cold (3.6)

aums (3.4) nsdiguuandalinumu 0.5
Cr ~3/(Baund rate) pF 3.7)

UM (3.6) §IMTUAT Re = 100 kQ LAZA1 Ry = 510 kQ
Tuaddaves XR-2211 1ddmuaniginsaimaiil dmsudasiuea 300 bps, F, 1911

g [ v
112,025 1850 az Fs=2,225 @5ad 13ud1 o 1dnemae dail

Ro= 18 kQ, R, =200 kQ, Co =0.022 pF, C,;=0.0047 puF ,C¢ = 0.005 puF

d2u1 Ry 1991 100 KQ 1o 1 aeandasduaunisii (3.6)
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#include <stdio.h>

#include <dos.h>

#include <conio.h>

int code[2]{2],col[2];

char back[4010],buffer;

int phone[10],number[10];

main()

{

int key = 0,counter,c;

col[0]=0;

colf1}=0;

code[0][0]=0;

code[1][0]=0;

code[0](1]=10;

code[1]{1]=10;
for(counter=0;counter<=9;counter++)
{

phone[counter]=10;
number{counter}=10;

}

cursoroff();

textcolor(15);

textbackground(0);

clrscr();

draw();

gettext(1,1,80,25,back);

point();

init();

do

{

key=0;

if(kbhit())key=getch();
if(key==75)code[1]{0]=code[1][0]--;
iftkey==77)code[1]{0}=code[1][0}++;
iftkey==72)code[0][0]=code[0][0]}--;
if{key==80)code[0][0]=code[0][0]++;
if{code[1][0]<=0)code[1][0]=0;
if(code[1]{0}==2)code[!][0]=1;
if{code[0][0}<=0)code(0][0]=0;
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iflcode[0][0]==3)code[0]{0]=2;

if{code[0][0]!=code[0][1]||code[1][0]!=code[1][1])

{

puttext(l,1,80,25,back);

textbackground(3);

for(counter=0;counter<=9;counter++)

{

gotoxy(44+counter, 10);

if(phone[counter}!=10)cprintf("%d",phone[counter]);

gotoxy(44+counter, 14);

if(number{counter]!=10)cprintf("%d",number[counter]);

}

point();

code[0][1]=code[0][0];

code[1][1]1=code[1][0];

)

if(key==13&&code[0][0]==0& &(code[1][0]=0]|code[1]{0}==1))

{

for(counter=0;counter<=9;counter++)phone{counter}=10;

point();

cursoron();

counter=0;

do

{

buffer=0;

gotoxy(44+counter, 10);

buffer=getch();

if(buffer=—=48||buffer==49||buffer==50||buffer==>5 1 [[buffer==52||buffer==53||
buffer==54||buffer==55||buffer==56||buffer==57)

{

if{buffer=—48)phone{counter}=0,

if(buffer==49)phone[counter]=1;

if(buffer==5 0)phonc[counter]=2';

if(buffer==>51)phone[counter]=3;

if(buffer==52)phone{counter}=4;

if(buffer==53)phone[counter]=5;

if(buffer==54)phone(counter]=6;

if(buffer==55)phone[counter]=7;

if(buffer==56)phone[counter]=8;
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if(buffer=—=>57)phonefcounter]=9;

if(phone[counter])!=10)cprintf("%d" phone[counter]);

counter=counter+1;

col{0}=counter;

)

col[0]=counter;

}

while(buffer!=13&&counter!=10);

cursoroff();

code[0][0]=1;

key=0;

}

if(key==13&&code[0][0]==1&&(code[1][0]==0||code[1][0]==1))

{

for(counter=0;counter<=9;counter++)number{counter}=10;

point();

cursoron();

counter=0;

do

{

buffer=0,

gotoxy(44+counter, 14);

buffer=getch();

if(buffer==48||buffer==49||buffer==50]|buffer==>5 I ||buffer==>52||buffer==53||
buffer==54||buffer==55||buffer==56||buffer==57)

{

if(buffer==48)number[counter]=0;

if(buffer==49)numberfcounter]=1;

if(buffer==50)number{counter]=2;

if(buffe==51)number{counter]=3;

if(buffer==52)number{counter]=4,

if(buffer==53)number{counter]=5;

if(buffer==54)number{counter]=6;

if(buffer==55)number[counter]=7;

if(buffer==56)number[counter]=8;

if(buffer==57)number[counter]=9;

if(number{counter}!=10)cprintf{"%d" number[counter]);

counter=counter+1;

col[]}=counter;
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col[l]=counter;

)
while(buffer!=13&&buffert=72&&counter!=10);
cursoroff();

code{0][0]=2;

key=0;

)

if(key==13&&code[0][0]==2&&code[1][0]==0)
for(c=0;c<=5;ct++)

{

{

sport(0x0f);

mass();

delay(5000);

puttext(1,1,80,25,back);

textbackground(3);
for(counter=0;counter<=9;counter++)

{

gotoxy(44+counter, 10);
if(phone[counter]!=10)cprintf("%d",phone[counter]);
gotoxy(44+counter, 14);
if(number{counter]!=10)cprintf("%d",number{counter]);
}

point();

}

)

sport(0x0f);

}

while(key!=13||code[0][0]!=2]|code[1]){0]!=1);
cursoron();

}

point()

{

textbackground(13);
if{code[0]{0]==0&&(code[1][0]==0||code[1]{0]==1))

I
1
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gotoxy(44,10);
if{phone[0]!=10)cprintf{"%d",phone[0]);
else cgrintf(" "Y;

gotoxy(45,10);
if{phone[1]!=10)cprintf{"%d",phone[1]);
else cprintf{" ");

gotoxy(46,10);
if(phone[2]!=10)cprintf("%d",phone[2]);
else cprintf(" ");

gotoxy(47,10);
if(phone[3])!=10)cprintf("%d",phone(3]);
else cprintf(" ");

gotoxy(48,10);
if(phone[4]!=10)cprintf("%d",phone[4]);
else cprintf(" ");

gotoxy(49,10);
if{phone[5]!=10)cprintf("%d",phone[5]);
else cprintf(" ");

gotoxy(50,10);
if(phone[6])!=10)cprintf("%d",phone{6]);
else cprintf(" ");

gotoxy(51,10);
if(phone[7]!=10)cprintf{"%d",phone[7]);
else cprintf(" ");

gotoxy(52,10);
if(phone[8]!=10)cprintf("%d",phone[8]);
else cprintf(" ");

gotoxy(53,10);
if(phone[9]!=10)cprintf("%d",phone[9]);
else cprintf(" "); ‘
}
if{code[0][0]==1&&(code[1][0]==0]|code[1][0]==1))
{

gotoxy(44,14);
if{number{0]!=10)cprintf{"%d",number{0]);
else cprintf(" ");

gotoxy(45,14);

ifinumber{ 1 ]!=10)cprintf("%d",number[1]);

else cprintf(" ");
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gotoxy(46,14);
if(number{2]!=10)cprintf("%d" ,number[2]);
else cprintf(" ");

gotoxy(47,14);
if(number[3}!=10)cprintf("%d" ,number{3]);
else cprintf(" ");

gotoxy(48,14);
if(number[4]=10)cprintf{("%d" ,number[4]);
else cprintf(" ");

gotoxy(49,14);
if(number{5]!=10)cprintf("%d",number[5]);
else cprintf(" ");

gotoxy(50,14);
if{(number[6}!=10)cprintf("%d",number(6]);
else cprintf(" ");

gotoxy(51,14);
if(number[7]!=10)cprintf("%d",number(7]);
else cprintf(" ");

gotoxy(52,14);
if(number(8]1=10)cprintf("%d",number{8]);
else cprintf{(" ");

gotoxy(53,14);
if(number{9]!=10)cprintf("%d",number([9]);
else cprintf{" ");

}

if(code[0][0]==2&&code(1][0]==0)

{

gotoxy(18,20);

textbackground(4);

cprintf("SEND");

)

if(code[0][0}==2&&code[1][0]==1)

{

gotoxy(58,20);

textbackground(4);

cprintf"EXIT");

’.

}
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draw()

{

int count;

window(1,1,79,20);
textbackground(3);

clrser();

window(1,1,79,25);
for(count=1;count<=79;count++)
{

gotoxy(count,1);
cprintf("%c",205);
gotoxy(count,20);
cprintf("%c",205);
if(count<=20)

{

gotoxy(1,count);
cprintf("%c",186);
gotoxy(79,count);
cprintf{"%c",186);

}
gotoxy(1,1);cprintf("%c",201);
gotoxy(1,20);cprintf("%c",200);
gotoxy(79,1);cprintf{"%c",187);
gotoxy(79,20);cprintf("%c",188);

gotoxy(26,3);cprintf(" ":
gotoxy(26,4);cprintf(" OFFICE PAGER "),
gotoxy(26,5);cprintf(" "

gotoxy(24,10);cprintf(* NUMBER OF CODE :");
gotoxy(20,14);cprintf(" NUMBER OF TELEPHONE :");
gotoxy(18,20);cprintf{"SEND"),
gotoxy(58,20);cprintf("EXIT"),

1

}
* */

mass()

{

int count,old;
textbackground(3);
window(20.22,60,24);
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clrser();

window(1,1,79,25);
for(count=0;count<=39;count++)

{
gotoxy(20+count,22);cprintf("%c",205);
gotoxy(20+count,24);cprintf{"%c",205);
if(count<=2)

It
gotoxy(20,22+count);cprintf("%c",186);
gotoxy(60,22+count);cprintf("%c",186);
}

gotoxy(20,22);cprintf("%c",201);
gotoxy(20,24);cprintf("%c",200);
gotoxy(60,24);cprintf("%c",188);
gotoxy(60,22);cprintf("%c",187);

}

gotoxy(25,23);

cprintf("Massage :");

textcolor(0),

if{col[0]t=0)

for(s;ount=-0;count<=col [0]-1;count++)

{
‘gotoxy(35+count,23);
cprintf("%d",phone[count]);
sport(phone[count]);

}

old=count+35;
if(col{0]!=0&&col[1]!=0)

{

gotoxy(old,23);

cprintf("-");
for(count=0;count<=8;count++)

{

gotoxy(old+1+count,23);
if{count<=col[1]-1)

cprintf("%d" ,number[count]);
sport(number[count]);

}

}



textcolor(15);

}
/¥ */

cursoroff()
{
union REGS r;
r.hah =1
r.h.ch = 0X01;
rh.cl=0;
int86(0X10,&r,&r);
)
cursoron()
¢
union REGS r;
rhah=1;
r.h.ch = 0X0d;
r.h.cl = 0X0d;
int86(0X10,&r,&r);
b
I */

sport(int ch)

{
union REGS r;
r.x.dx = 0;
r.h.al =ch;
rhah=1;
int86(0x14,&r,&r);

}

rport()

{
union REGS r;
r.x.dx =0;
r.h.ah = 0x02;
int86(0x 14,&r,&r);
return r.h.al;

}

init()

]
1

union REGS r;
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rx.dx =0;
rh.ah=0;
r.h.al = Oxe3;

int86(0x14,&r,&r);
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POA EQU OF800H
POB EQU OF801H
POC EQU OF802H
POT EQU OF803H
ORG  0010H
BUFFI: DS |
BUFF2: DS 1|
BUFF3: DS |
ORG  0000H
SIMP  START
ORG  0100H
START:
LCALL DELAYD
MOV A #89H
MOV  DPTR#POT
MOVX @DPTRA
LOOP!:
LCALL RX
LCALL RXI
MOV A,BUFFI
MOV  BUFF2,#00H
CINE A,BUFF2,LOOPI
LCALL RXI!
MOV  A,BUFF1
MOV  BUFF2,#00H
CINE A,BUFF2,LOOPI
LCALL RXI
MOV  A,BUFFI
MOV  BUFF2,#00H
CINE A,BUFF2,LOOPI
LCALL RXI
MOV  A,BUFFI
MOV  BUFF2,#00H
CINE A,BUFF2,LOOPI
LCALL RXI
MOV  A,BUFFI
MOV  BUFF2,#00H
CINE A,BUFF2,LOOPI
LCALL RXI
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MOV  A,BUFFI
MOV  BUFF2,#00H
CINE A,BUFF2,LOOPI
LCALL RXI
MOV  A,BUFFI
MOV  BUFF2#00H
CINE A,BUFF2,LOOPI
LCALL RXI
MOV  A,BUFFI
MOV  BUFF2#00H
CINE A,BUFF2,LOOP!
LCALL RXI
MOV A,BUFFI
MOV  BUFF2,#00H
CINE A,BUFF2,LOOPI
LCALL RXI
MOV  A,BUFF1
MOV  BUFF2,#01H
CINE A,BUFF2,LOOP1
MOV  RO#08H
MOV  DPTR,#8400H
W1 LCALL RXI
MOV  A,BUFFI
MOVX @DPTR,A
INC DPTR
DINZ RO,WI
MOV  DPTR#P0A
MOV A H#OFFH
MOVX @DPTR,A
LCALL DELAYD
LCALL DELAYD
LCALL DELAYD
LIMP LOOPI

DISPLAY:
MOVX A@DPTR
MOV  BUFF2,#01H
CINE A,BUFF2,NEXT2
LCALL NI



LIMP ENDI

NEXT2: MOV BUFF2,#02H
CINE A,BUFF2,NEXT3
LCALL N2
LIMP ENDI

NEXT3: MOV BUFF2,#03H
CINE A,BUFF2,NEXT4
LCALL N3
LIMP ENDI

NEXT4: MOV BUFF2,#04H
CINE . A,BUFF2,NEXT5
LCALL N4
LIMP ENDI

NEXTS: MOV BUFF2,#05H
CINE A,BUFF2,NEXT$
LCALL N5
LIMP ENDI

NEXT6: MOV BUFF2,#06H
CINE A,BUFF2,NEXT7
‘LCALL N6
LIMP ENDI

NEXT7: MOV BUFFZ,'#07H
CINE A,BUFF2,NEXT$
LCALL N7
LJMP ENDI

NEXT8: MOV BUFF2,#08H
CINE A,BUFF2,NEXT9
LCALL N8
LIMP ENDI

NEXT9: MOV BUFF2,409H
CINE A,BUFF2,NEXTO
LCALL N9
LIMP ENDI

NEXT0: MOV BUFF2,#00H
CINE A,BUFF2,NEXTB
LCALL NO
LIMP ENDI

NEXTB: LCALL NULL

ENDI: RET
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Cl:

‘C2:

C3:

C4:

Cs:

Cé6:

C7.

C8:

NI:

N2:

MOV
MOV
MOVX
RET

MOV
MOV
MOVX
RET

MOV

MOV

MOVX
RET
MOV
MOV
MOVX
RET
MOV
MOV
MOVX
RET
MOV
MOV
MOVX
RET
MOV
MOV
MOVX
RET
MOV
MOV
MOVX
RET
MOV
MOV
MOVX
RET
MOV
MOV

DPTR,#P0B
AHOIH
@DPTR,A

DPTR,#P0OB
A#02H
@DPTR,A

DPTR,#P0B
A #04H
@DPTR,A

DPTR #POB
A#O8H
@DPTR,A

DPTR,#POB
A#10H
@DPTR,A

DPTR,#POB
A#20H
@DPTR,A

DPTR,#P0B
A #40H
@DPTR,A

DPTR #P0B
A#80H
@DPTR,A

DPTR #P0A
AHT9H
@DPTR,A

DPTR,#POA
A #24H
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N3:

N4:

NS:

N6:

N7:

N8:

N9:

NO:

BANK: MOV DPTR#P0B

IS:

MOVX
RET
MOV
MOV
MOVX
RET
MOV
MOV
MOVX
RET
MOV
MOV
MOVX
RET
MOV
MOV
MOVX
RET
MOV
MOV
MOVX
RET
MOV
MOV
MOVX
RET
MOV
MOV
MOVX
RET
MOV
MOV
MOVX
RET

MOV

MOVX

RET
MOV

@DPTR,A

DPTR #P0A
A H#30H
@DPTR,A

DPTR #P0A
AH#19H
@DPTR,A

DPTR #POA
A#12H
@DPTR,A

DPTR,#P0A
A #02H
@DPTR,A

DPTR,#POA
AHT8H
@DPTR,A

DPTR #P0A
AH#O0H
@DPTR,A

DPTR #POA
A#I0H
@DPTR,A

DPTR,#P0A

A#40H
@DPTR A

A HOOH
@DPTR,A

DPTR,#POA
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MOV A #23H
MOVX @DPTR,A
RET
0S: MOV DPTR#POA
MOV A#ICH
MOVX @DPTR,A
RET
NULL: MOV  DPTR#POA
MOV  AMOTFH
MOVX @DPTR,A
RET
DELAYF: MOV  R6,#02H
DEI: MOV R7#00H
DE2: NOP
NOP
DINZ R7,DE2
DINZ R6,DEI
RET
DELAYD: MOV R6#7FH
DE3: MOV R7#00H
DE4: NOP
NOP
DINZ R7,DE4
DINZ R6,DE3
RET
CONDIS: MOV DPTR #8400H
LCALL DISPLAY
LCALL CI
LCALL DELAYF .
LCALL BANK
MOV  DPTR#8401H
LCALL DISPLAY
LCALL C2
LCALL DELAYF
LCALL BANK
MOV  DPTR#8402H
LCALL DISPLAY
LCALL C3
LCALL DELAYF



RX:

LPI:

110

LCALL BANK
MOV  DPTR #8403H
LCALL DISPLAY
LCALL C4
LCALL DELAYF
LCALL BANK
MOV  DPTR #8404H
LCALL DISPLAY
LCALL C5
LCALL DELAYF
LCALL BANK
MOV  DPTR,#8405H
LCALL DISPLAY
LCALL C6
LCALL DELAYF
LCALL BANK
MOV  DPTR #8406H
LCALL DISPLAY
LCALL C7
LCALL DELAYF
LCALL BANK
MOV DPTR#8407H
LCALL DISPLAY
LCALL C8
LCALL DELAYF
LCALL BANK
RET

LCALL 0S
LCALL C8
MOV  DPTR,#POC
MOVX A,@DPTR
MOV  BUFF2,#01H
CINE ABUFF2,EX02
MOV  RI#5FH

LCALL CONDIS
DINZ RI,LPI
LIMP EXO0I

EX02: MOV BUFF2,#02H

CINE A,BUFF2,EX01



LCALL CLEAR

EX01. JNB RIRX

RX1:

LCALL BANK
LCALL IS

LCALL C8

CLR RI

MOV  BUFF1,SBUF
MOV  BUFF2,#0FH
MOV  A,BUFFI
CINE ABUFF2,RX
RET

INB RL$

‘CLR RI

MOV  BUFF1,SBUF
RET

CLEAR: MOV R0,#08H

CLI:

MOV  DPTR,#8400H
MOV A #OFFH
MOVX @DPTR,A

INC DPTR
DINZ RO,CLI
RET

END
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XR-2206

Monolithic Function Generator

GENERAL DESCRIPTION

The XR-220G is a monolithic function generalor inte-
grated circuit capahle of producing high quality sine,
squarz, tniangle, ramp, and pulse waveforms of high-siasility
and acguracy. The output waveforms can be both amplitude
and ‘reguency modulated by an exiernal voliage. Frequency
of coeration can be selected externaity over a range of 0,01
H2 10 more than 1 MKz,

The circuit is ideally suited for communications, instru-
meniation, and funclion generator applications requiring
sinusoidal 1one, AM, FM, or FSK generation, 11 has a 1ypical
drift specification of 20 pom/°C. The oscillator frequency
can be linearly swept over 3 2000:1 frequency range, with
an external control voltage, having a very small affect on
distortion.

FEATURES

Lowvs-Sine Wave Distortion
Excellent Temperature Stability
Wide Sweep Range

Low-Supply Sensitivity

Linear Amplitude Modulation
TTL Compatible FSK Controls
Wide Suppty Range

Adjustable Duty Cycle

APPLICATIONS

Wavelorm Generation
Sweeo Generation

AM/FM Generation

V/F Conversion

ESK Generation
Phase-Locked Loops (VCO)

ABSOLUTE MAXIMUM RATINGS

Power Supply
Power Dissipation

. Derate Above 25°C
Totai Timing Current
Storage Temperature

5%, Typical

20 ppm/°C. Typical

2000:1, Tvpical
0.01%V, Typical

10V 10 26V
1% to 99%

26V

750 mW

5 mw/°C

6 mA

-65°C to +150°C

FUNCTIONAL BLOCK DIAGRAM
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SWITCHES INPUT

ORDERING INFORMATION

Part Number Package Operating Temperature
XR-2206M Ceramic -85°C 10 +125°C
XR-2206N Ceramic 0°C10+70°C
XR-2206P Plastic 0°C10+70°C
XR-2206CHN Ceramic 0°C1o +76°C
XR-2206CP Plastic 0°C 10 +70°C

SYSTEM DESCRIPTION

The XR-2206 is comprised of four functional blocks: a
volizge-contrclled osciilator (VCOQ), an analog muitiplier
and sine-shape”: a unity gain butfer amplifier; and a set
of current svitches,

The VCO acwally produces an output {requency porpor-
uonal 1o an input current, which is produced by a resistor
from the timing terminsls 10 ground. The current switches
route’one of the uiming pins current to the VCO controlied
by an FSK input pin, 10 produse an outout frequency. With
wo timing pins. twvo discrete outbut freguencies can be
indepengently produced for FSK Generation Aoplications,

NC
L

EMR Inteyrateo Sysiems, inc., 750 Patomar Avenue, Sunnyvale CA 94086 ° (408) 732.7970 * TivX 910-339.9233




XR-2206

ELECTRICAL CHARACTERISTICS
Test Conditions: Test Circuit of Figure 1, V* = 12V T, = 25°, C= 0.01 uF R, = 100k, Ry = 10k, Ry=25kQ2

unless otherwise specifiea. S onen for triangle, closed for sire wave.
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- XR-2206M XR-2206C
PARAMETER MIN. | TYP. [ MAX. [ MIN. [ TYP. | MAX. | UNIT CONDITIONS
GENEHAL CHARACTERISTCS
Single Suoolv Voliage 10 26 10 26 v
Solit-Suooly Voltege 25 13 5 +13 \
Suopiv Current 12 17 14 20 mA Ay >10%kN
OSCILLATOR SECTION
Max. Oserating Frequency 05 1 05 1 MH2 C=10000F, Ry = 1k
Lowaest Practical Frequency 0.01 0.01 Hz C=50uF Ry=2M0
Frequency Accuracy 21 24 22 %ol fy 1o = 1/RYC
Temperature Stability £ 10 50 220 opm/*C 0'C<Ta<75°C,
Ry = Ry=20kQ
SuBDIy Sensitivity 00t | oa 0.01 %IV Viow = 10V, Yy = 20V,
) Ry = Rg=20%R
Sweep Range 1000:1 2000:1 2000:1 f= 4@ R =1kN2
IL@®R=2MN
Sweec Linesrity
10:1 Sweep 2 2 % fL = 1 kHz, fyy = 10 &kHz
1000:1 Sweep 8 8 % i » 100 Hz, {4 = 100 kHz
FM Distortion 0.t 0.1 % £ 10%Devistion
Recommended Timing
Comoonents
Timing Caoacitor: C 0.001 100 0.001 100 uF See Figure 4.
Timing Resistors: Py & Ry 1 2000 1 " 2000 kn
Triange Sine Wave Output See Note 1, Figure 2,
Triangle Amplitude 160 160 mv/ikn Figure 1,5y Open
Sine Wave Amplitude 40 60 80 60 mv/x 0 Figure 1, Sy Closed
Max. Output Swing 6 6 Vp-p
Output Impedance 600 600 2]
Triangle Linearity 1 1 *
Amolitude Stabitity 05 05 a8 For 1000:1 Sweep
Sine Wave Amplitude Stability €300 4800 ppm/°C See Note 2.
Sine v/ave Distortion
*Without Adjustment 25 25 % Ry =30kA
witn Adjustment 0.4 1.0 05 16 % See Figures 6ond 7.
Amplix'uge Modulation
fhoout Impedance $0 100 50 100 kn
Modulation Range 100 100 %
Carrier Suppression 55 85 ds
Linea-ity 2 2 % For 95% modulation
Square-Wave Output
Amplitude 12 12 Vpp Measured at Fin 11,
Rise Time 250 250 nsec Cy = 100F
Fall Time S0 50 nsec CL = 10pF
Szturation Vollage 0.2 0.4 0.2 0.6 v L "2mA
Leavage Current 0.1 20 0.1 100 uA Vi3 = 26V
FSK Keying Level {Pin 9} 08 1.4 2.4 0.8 14 24 v See section on circuit controls
Reference Bypass Voitage 2.9 3.1 33 25 3 35 v Measured at Pin 10,

Note 1:
Note 2:

Qutout amplitude is directly proportional 10 the resistance, R3.0n Pin 3. See Figure 2
For maximum amplitude stability, A3 should be a positive temuerature coeflicient resistor,
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Figure 9: Circuit C tion for Freq Y Sweep.

Figure 10: Circuit for Sine Wave Generation without Figure 12: Sinusoidal FSK Generator.
External Adjustment. {See Figure 2 for
Choice of R3.)

I an
B CAOILDIOR SmarmE = .g
Figure 11: Circuit for Sine Wave Generation with Figure 13: Circuit for Pulse and Ramp Generation.

Minimum Harmonic Distortion. (Rg
Determines Output Swing — See Figure 2.)



Frequency-Shift Keying:

The XR-223% ~an be operated with two separaie 1iming
resistors, Ry 2nG Ry, connected 10 the timing Pin 7 ana 8,
resoectiver,, as shown in Figure 12, Depending on the
polarity of tne logic signal at Pin 9, either one or the other
of these :iming resistors is activated. If Pin 9 is open-
crrcuited or connected 10 a bias voltage 22V, only Ry is
activatee  S:milarlv, if the voltage level at Pin 8 is <1V,
ohiy R9 1t activated, Thus. the outout frequency can be
reyed UeisE20 two levers, ) and 12,35.

fy = 1/RyCand {5 = 1/R,C

For split-sunaly operation, the keying voltage at Pin 9 is
reierencen 1o V<,

Output OC Level Control:

The d¢ 'ever at the output (Pin 2) is approximately the
tama as re gc bias at Pin 3. In Figures 10, 11 arnd 12, Pin 3
is biased midway between V¥ and ground, to give an
output ¢z evel of =V */2,

APPLICATIONS INFORMATION

Sine Wave Generation

Without External Adjustment:

Figure 13 shows the circuit ‘connection for generating a
sinusoidal output from the XR.-2206. The potentiometer,
Ry at Pin 7, provides the desired frequency tuning. The
maximur— output swing is greater than V*/2, and the
typical “.stortion (THD) is <2.5%. If lower sine wave
distort:on is desired, additional-adjustments can be provided
as descricad in the following section,

The circit of Figure 10 can be converted 10 splitsuppiy

ceration. simply by replacing all ground connections with
V-, Fer =..t-sunply aperation, B3 ¢an be airectly connected
10 groun3s.
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With External Adjustment;

Th2 hgrmonic content of sinusoids, Jiput can be reduced
tc ={.5% by additionsi adjusiments as shown in Figure 11.
The potentiometer, Ry, adjusts the sine-shaping resistor,
ano Rpg provides the fine adjustment for the waveform
symmetry, The adjustment procegure is as follows:

i.  Set Rg at midpoint. a~d adjust Ry for minimum
distortion,

2. Wit Ry set as above. adjust Rg o lurther reduce
distorticn.

Triangle Wave Generation

The circuits of Figures 10 and 11 can be converted 10
wriangle wave generation, By simply open<ircuiting Pin 13
and 14 lie., Sy open), Amptitude of the triangie is approxi-
mately twice the sine wave output.

FSK Generation

Figure 12 shows the circuit connection for sinusoidal FSK
signal operation, Mark and space {requencies can be inde-
pendently adjusted, by the choice of timing resistors, Ry
and Ry: the output is phase-continuous during transitions.
The keying signat is applied to Pin 9. The. circuit can be
converted 10 split-supply operation by amply replacing
ground with V=~

Pulse and Ramp Generation

Figure 13 shows the circuit for pulse and ramp waveform
generation. In this mode of operation, the F5K keving ier-
minal (Pin Q) is shorted 10 the s@Uare.wave output (Pin 11),
and the circuit automatically {requency-shifi kevs itsetf
between 1wo separate frequencies during the posit.vegoing
and negative-going ouiput waveforms. The pulse v.Jth and
duty cycie can be adjusted from 1% 10 99%. by tne choize
ot Ry and R,. The values of Ry and Ry should be in the
range of 1 k2 t0 2 MQ.
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8y = 0Ew £OM TRaNCLE
CLOTLO FOR Gunt wave,
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PRINCIPLES OF OPERATION
Description of Controls

Frequency of Operation:

The f{reauency of oscillation, fo. is determined by the
externai timing capacitor, C, across Pin 5 and 6, and by the
timing resistor, R, connected 1o either Pin 7 or 8, The tre.
quency s given as:

angd can be sdjusied by varying either R or C. The recom-
[ mended vaiues of R, for a given frequency range, ate shown
in Figure 4. Temperature stability is optimum for 4 xQ <
R < 200 Q. Recommended valuesof C are from 1000 pF
10 100 uF,

Frequency Sweéep and Modulation:
Frequency of oscitlation is proportionat to the total timing
current, Iy, drawn trom Pin.7 or 8:

320ty {mA)
*~Cwr M
Timing terminals {Pin 7 or 8) are low-impedance points,
and are internally biased at +3V, with resnect to Pin 12.
Frequency varies linearly with lr. over a wide range of
current values, from 1 uA 10 3 mA. The frequency can
be controtled by applying a controt voltage, Vc. to the
activated timing pin as shown in Figure 9, The frequency of
oscillation is related to Veas:

1 R Ve
{ AC HE-E('I -3-‘) Hz
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where Vo is in volts. The voltage-to-frequency conversion
qain, K, is given as:

0.32
K =9fAVe = - = Ha/v
K=athave Rcc 2/
CAUTION: For sale operation of the circuit, I should be
limited 10 K3 mA,

Qutput Amplitude:

Maximum output amplitude is inversely proportional 16 the
external resistor, R3, connected to Pin 3 (see Figure 2). For
sine wave outnut, amptitude is approximately 60 mV peak
ner k) of Ry: for triangle, the peak amplitude is approxi-
mately 160 mV peak per kQ ot R3. Thus, for example,
A3 = 50 k2 would produce approximately 3V sinusoidal
output amplitude.

Amplitude Modulation:

Output amplitude can be modulated by applying a dc bias
and a modulating signal 10 Pin 1. The internal impedance at
Pin 1 is approximately 100 k2. Output amplitude varies
tinearly with the applied voltage at Pin 1, for values of dc
bias at this pin, within £4 volts of V*/2 a5 shown in Figure
S. As this bias levet approaches V*/2, ‘the phase of the
output signal is reversed, and the amplitude goes through
zero. This property is suitable for phase-shift keying and
suopressed-carrier AM generation. Total dynamic range of
amplitude modutation is approximately 55 d8.

CAUTION: AM control must be used in conjunction with
a well-requlated supoly, since the output amplitude now
becomes 3 function of v+

EQUIVALENT
SCHEMATIC

DIAGRAM
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SCL4017AB
ELECTRICAL CHARACTERISTICS
STATIC CHARACTERISTICS'
. 2 ° 2
PARAMETER :'/"0, CONDITIONS |- TLOW *5¢C THiGH" | ynies
{Vde Min. | Max. | Min. | Typ. | Max. { Min. { Max.
QUIESCENT DEVICE loo 5 Vin=VssorVpp - 5 - 0.05 5 - 150 | pAde
CURRENT 10 JAll valid input - 10 - 101 10 -~ | 300
15 jcombinations — 20 - 0.2 20 — 600
OUTPUT HIGH (SOURCE)
CURRENT
C. D, F, H device lon
Decoded Outputs 5 Von=4.6V -0.05 - {-0.04 [-0.3 - |-0.028] - |mAdc
10 Vou=9.5v -0.1249 -~ |-0.1 [-0.75 - |-0.07 -
15 [Vou= 13.5vV -037 - |03 |-25 - |-0:21
Vin=Vss or Vo
Carry Output 5 [Vou=4.6V -0.25 - 1-0.2 |-0.75 - |-0.14 — | mAde
10 Nou=9.5V -0.62 -~ [-05 |-1.1 -~ {-0.35 -
15 NVou=13.5V -1.9 - |-t.5 [|-3.5 - -1 -
Vin=Vss or Voo
E device fon —
Decoded Qutputs 5 [Vowu=4.6V -0.048 - |-0.04 |-0.3 - [-0.032f - |mAdc
10 Mou=9.5V -0.12| - |01 |-075| - |-008| -~
15 NVou= 13.5V -0.36 - {03 j-25 - [-0.24 -
Vin=Vss or Vpo )
Carry Output 5 Mon=4.6V -0.24 - 1-0.2 [-0.7% - 1-0.16 - |mAdc
1 10 Nou=9.5vV -0.6 - |05 [-1.1 - |-04 -
15 NMou= 13.5V -1.8 - |-1.8 |-35 - |-1.2 -
Min=Vss or Vop
OUTPUT LOW (SINK)
CURRENT
C, D, F, H device lod -
Decpded Outputs 5 [VoL=04V 0.05 —- 1004 | 04 - 10028 - |mAdc
10 Vo =05V 0129 -~ |01 1.0 - | 007 -
- 168 Vg =16V 0378 - |03 3.0 - {021 -
* . V(N 'Vss or VDD \
Carry Qutput 5 [VorL=04V 0.25 - 102 0.7 - {0.14 — | mAde
10 Vo =0.5V 0.62 - |os 1.3 - | 035 -
15 (VoL= 1.5V 1.9 - |15 | 4.0 - |11 -
V|N -VSS or VDD k
E device {od]
Decoded Outputs 5§ |[Vo_=0.4V 0048 -~ |0.04 | 04 - 10032 - |(mAde
10 [Vor=0.5v 0.12 = 101 1.0 — (o008 -
15 Vo= 1.5V 03| - (03 |30 | - |[024] -
Vgn‘Vss or VDD
Carry Output 5 [VoL=04V 024 - 102 [075| - Y016 | — [mAde
10 [Vo_=0.5V 0.6 - 105 1.3 ~ 104 -
15 Vo= 1.6V . 1.8 - 115 |40 - 112 -
VIN.VSS or VDD ’

NOTES: ! Remaining Statlc Electrical Characteristics are listed under “SCL40008 Series Family Specifications”.
? Tow =-55°C for C, D, F, H device.
=-40° C for E device.
Thign =+125°C for C, D, F, H device.
=+ 85°C for € devuce
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ELECTRICAL CHARACTERISTICS (Continued)

DYNAMIC CHARACTERISTICS (C =50pF, T4 = 25°C)

Voo

PARAMETER vae Min, Typ. Max. Units
CLOCKED OPERATION
PROPAGATION DELAY TIME
To Decoded Qutputs toin. Loy 5 - 600 1200 ns
10 - 240 480
15 - 180 360
To Carry Output toLH. tPHL 5 - 500 1000 ns
10 - 200 400
15 - 150 300
OUTPUT TRANSITION TIME N
Decoded Outputs trim. tTHL 5 - 250 500 ns
10 - 125 250
15 = 90 180
Carry Output triH. trHe S - 180 360 ns
10 - Q0 180
15 - 65 130
MINIMUM CLOCK PULSE WIDTH PWe 5 - 200 400 ns
10 - 100 200
15 — 80 160
MAXIMUM CLOCK FREQUENCY fer 5 1.25 2.5 - MHz
- 10 2.5 5.0 -
15 3.0 6.0 —
MAXIMUM CLOCK OR ENABLE RISE AND tcr. tecL
FALL TIME 5 15 - - us
10 15 - -
15 5 - —
MINIMUM ENABLE SETUP TIME torup 5 - 175 350 ns
10 - 75 150
15 - 55 110
MINIMUM ENABLE REMOVAL TIME trem 5 - 250. 500 ns
10 - 100 200
15 - 75 150
RESET OPERATION
PROPAGATION DELAY TIME )
To Decoded Outputs teLM. tPHL 5 - 500 1000 ns
: 10 - 200 400
15 — 140 280
To Carry Output teLn 5 - 400 800 ns
10 - 150 300
15 — 110 220
MINIMUM RESET PULSE WIDTH PWg 5 — 150 300 ns
10 - 75 150
© . 15 — 60 120
RESET REMOVAL TIME trem 1 - 250 500 ns
10 - 100 200
15 = 80 160
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SCL4017AB
AC MEASUREMENT DEFINITION AND FUNCTIONAL WAVEFORMS
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APPLICATIONS INFORMATION

COUNTER EXPANSION

This figure shows a technique for extending the number of decoded output states
for the SCL4017AB. Decoded outputs are sequential within each stage and from stage

to stage, with no dead time (except propagation delay).

cL

& SCL4017A8B

R

1« » « 8 9

R

cL
SCL4017A8B
CE

010 8 9

0
¢
J

o 1,

9 Decoded
Ouwputs

<05

Ciock

First Stage

" g

Inteemediate Stages

Last Stage

DIVIDE-BY-N COUNTER

When the Nth decoded output is reached {Nth clock pulse}, the S-R flip-flop
{(constructed from the SCL4001B) generates a reset pulse which clears the SCL4017AB
to its zero count. At this time, if the Nth decoded output is greater than or equal to 6,
the CoyT line goes high to clock the next counter section. The “O” decoded output
also goes high at this time. Coincidence of the clock “low” and decoded “O” output

“high’ resets the S-R flip-flop to enable the SCL4017AB.

If the Nth decoded output is less than 6, the CoyT line will not go high, and,
~therefore, cannot be used. In this case, the “O’* decoded output may be used to perform

the clock function for the next counter.

SCL4017AB neser
ool 1

" DECOOED

ouTPUTS 9 0ecooep ouTPUT

SCL40018




FSK Demodulator/ Tone Decoder

GENERAL DESCRIPTION

The XR-2211 is 3 mcnolith': cnase-lockes ‘ooo {PLY)
system especially designad for 2573 commun :ations. it s
particularly wsell suitec for F3X modem 3Gz ‘cations, it
ooeraies over a wice s.ooly ~titzge range o 23 0 20V

angd a3 wide fregquency rznge o° 3.01 Hz 10 307 <Hz. ft zan

accommodate anaiog siznals cstegen 2 mY 22 3V, z-a
can interface with conweniiorz, ZTL, TTL, 372 2CL lexe
tamilies. The circuit consists =° 2 zasic PLL *2- 1rzeking @

nout signal within tne =ass £33, 5 Juadraturs Snase dess
tor which provides car-'2r Jdz:321 24, 3and ar 3K wvolr
comparator which pro.'ges =3< Jemodula: Extera
components are used ¢ ndecz-z:s:ly set centz” ‘requency,
bandwidth, and outout Zalay. 2~ ‘niernal voiizz2 referarze
proportional to the Z2owae i 2.y provides

ooeration for fow sysiem
power supply changes.

“31i0 me:-ic
s2rfzemance vet zlons woth

Tne XR-2271 1s availet 2 ¢ "2 2 =~ DTL cerz= 2 or pizs- ¢

packages specified for ;s 2z or miinas. z—oerzilre
B

rarnges.

FEATURES

Wide Frequency Range
Wide Supply Voltage =z~ge
OTU/TTL/ECL Logic Zsm23- 2 oy
FSK Democulation, wn == C¢-* 2 Zziecuon
Wide Dynarmic Range
Adjustable Tracking = znge
Excellent Tamp. Scac' v

0.01 -z 10300 -4z
~IVioZIlVv

2.
12 280%)
27 22=PC.s0p.

03V -Ts

APPLICATIONS

FSK Demodulation
Data Synchronization
Tone Decoding

FM Detection

Carrier Deczction

ABSOLUTE MAXIMUM RATINGS

Derate above Ty = +25°C 50 i/ C

Power Supply 0V

Input Signal Level 3Vems

Power Dissipation

Ceramic Package 750 mw
Oerate above Ty = +25°C. 6 mv/C

Plastic Package 625 mw

FUNCTIONAL BLOCK DIAGRAM

KN

XA 2211 \J
- SIGNAL

. } CAPACITOR
NPUT | 2 L— vCO
LOCK t
AriA ouao| fuoor TIMING
OETECT
ZreR I 3 0ET | loOET AESISTOR
GROUNO l 4

INTERNAL
REFERENCE

LOCKr; E

OETECT

OU.‘:UTSLf E
<

OROERING INFORMATION

OATA
ouUTPUT

=] [o] 8] 2] [3] (3] =]
o5 §7 g3

FSK
COMP INPUT

FSK COMP

Part Number Package Operating Temperature
XR-2211M Ceramic -35"C w0 -125°C
XR-2211CN Caramic 0°Cw - 75°C
XR-2211C? Plastic 0°Cwc - 75°C
XR-2211N Ceramic -20°C 0 - 85°C
XR-2211P Plastic -40°C 10 + 85°C

SYSTEM DESCRIPTION

The main PLL within the XR-2211 is cons:ricted from an
irput prea~oiifier, analog multiplier used as 2 phase detec-
tor, and z crecision voltage controlled oscillator {VCO).
Tne preamciifier is used as a limiter such thiai input signals
aoove tycically 2MV RMS are amotified tc a constant high
ievel signzt. The multigling-type phase deizctor acts as a
digital exclusive or gate. Its output (unfiltzred) produces
sum and difierence frequencies of :ne inpu: and the VCO'
outout, f input + finput (2 f input) and { input - f input
{0 Hz) when the phase detector output :0 remove the
“sum” frequancy component while passing the difference
{OC) comoonent.to drive the VCO. The VCO is actually
3 current controlled oscillator vath its nominal input
current tfg) set by a resistor {(Rq) to ground and its driving
current with a resistor (R} from the phase cetector.,

The other sections of the XR-2211 act to: determine if the
VCO is driven above or befow the center frequency (FSK

. comparator); produced both active hugh and active low out-
puts to indicate when the main PLL is in lock (quadrature
ohase detector and lock detector comparator).

Z’. EMR lagagrated Systems, inc.,

L4

739 Palomar Avenue. Sunnyvale, CA 94086 * (408) 732-7970 * TWX 910-339-9223
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ELECTRICAL CHARACTERISTICS
Test Conditions:  Test Circuit of Figure 1. V* = V=< 6V, T = +25°C. C = 5000 oF, A, = Ry =R3=R, =20k A =27kQ,
Binary Inouts grounded, Sy ana S closed unless otnerwise speciliec,

XR-221U/2211M4 XR-2211C
PARAMETERS I I UNITS CONDITIONS
MIN. TYP. MAX, MIN, TYP. MAX,
GENERAL
Supoiy Voltage a3 20 4.5 20 \
Suooty Current 4 7 S 9 ma Rg # 10 KSL Ses Fig. 4
OSCILLATOR SECTION
Freaquency Accuracy * <} *t % Deviation from fg = 1/RgCq
Frequency Stabitity R Ry=4%
Temoperature 20 -; =0 0 opm/ C See Fig, B, i
© Power Suooly 0.05 0.s 0.05 %/ V¥ = 1221V, Sée Fig. 7,
0.2 0.2 %/ VT =5£CS V., See Fig. 7.
Upper Frequency Limit 10C 300 300 KHz Rg = 8.2 X2 Cq = 400 oF
Lowest Practical
Operating Frequency 0.0t 0.01 Hz Rg * 2MSL Cg = SO pF
Timing Resistor, Ag B See Fig. 5.
Qoerating Range 5 2000 S 2000 KQ
Recommended Range 15 100 15 100 xQ See Fig. 7 and 8.
LOOP PHASE
ODETECTOR SECTION
Peak Qutout Current =158 I 200 ‘ =300 100 2200 +300 HA Maasureg at Pin 11,
Qutout Offser Current o = LA
Qutour Imoedance I 0 1 MQ
Maximum Swing 2 s =4 i5 v Referenced 10 Pin Q.
i 3
QUADRATURE
PHASE DETECTOR Measureg at Pin 3,
Peak Qutout Current ] 150 150 HA
Outout impedance U 1 M
Maximum Swing 1 ! 11 V oo
i
INPUT PREAMP SECTION Mhogaraeg at Pin 2,
" Tnout Impedance P 20 30}
Input Signal }
Voltage Required o :
Cause Limiting 2 ‘ 10 2 mv ring
VOLTAGE COMPARATOR
SECTIONS
taput tmpedance 2 2 MQ Measured at Pins 3 and 8,
Input Bias Current 100 . lao nA
Voltage Gain S5 70 $5 70 d8 AL =$.1 XK
Qutouc Voltage Low 300 300 - mv ic *3ma
:Output Leakage Current Q.01 0.01 HA vVo=12vVv
INTERNAL REFERENCE - ” -
Voltage Level 49 $.3 5.7 4.75 5.3 5.85 4 Measured at Pin 10.
Qutout Impedance 100 100 Q
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Figure 1: Functional Block Diagram of a Tone and FSK

Decoding System Using XR-2211

Reference Voltage, Vg (¥ ~ 10 7=z -

it :ne ceferenze voltage 2vel, .= a2 = V-2 -850 V.
The dc voltagz level 51 i~ 3 S 3

‘or the voltag2 levels st =
c@ odypassed 13 ground o N

Jueration of tme circuit,

Loop Phase Detector Output:> =~
3 ™igh impecznce ouio. - for 73
PLL toop filte- is formsc =y R-
se2 Figure 2°. With no "~ouis
“inin the PLL, the de 2
0 VY. The czak voltags 5w
97 aytput is qual 1o =°

This g o3

13T 0Nn2sEe 2ETICH0fr,

Vg uer, “zarly

VCO Coatrot Input {Pi~ 12) *. T2 ‘rze-rune -3 freqisncy
3 Jeterminec by extar—zi i~ -

irom this terminal 10 ¢-aunc.
Auency, fg. is:

: jEsisior. =-

=z VCO fr==--.nning fre-

fg = :
0" A, -

“hece Cg is the timing czoacite 3¢ 2ss Pins 13 :nd 14, For
Sutimum temperature sSbility. J.- Must be "~ e rang2 of
10 X2 to 100 KQ see Figure 8i,

Thes terminal is 3 low imoecance 2oint, an= 5 internally
bused at a dc level equal 1© Vg. The mz«.—um tirming
Cutrent drawn from Pin 12 must 2e fimited =9 <3 mA for
Proper operation of the circuit.

Figure 2: Generalized Circuit Connection for FSK and

Tone Detection

VCO Timing Capacitor '?'-: 13 5-2 147 .20 frequency is

‘Averssiy I°CICniors T) T2 extsongl ©oT -2 caoacitor, Co.

.
(8]
2
Bl
L
5
i
W
[¥]
s
.

$2 terrngls viee Fozoz 3), Cg must oe
ne ~znze 2 200 2F 10 " T uF,

)
(%]
]
O
O
Qr
s
w
]
v
)

VCO Frequency Adjustment: VCO czr =2 fine-tuned oy
Ionnectin: z I3ienvomatar Ry, inseries w.th Rg et Pin 12

see Fegunz

VCQ Free-Running Frequency, fg: XR-21°1 does not have

3 seoarziz /70 outpus ter—inal. ‘asteac *~e VCO outputs

3r2 ‘mr~z . Ionn2cted 1T the Snase tor sections of
e TroL.l <cwever, for set-uC Or ag.itTment purposes.
vCO ¢ Lon'ng freauane, can 22 meas. 3 at Pin 3 (with
2D gisccnziizd). watn no nput and v T Jin 2 shorted (o
2in 10.

DESIGN EQUATIONS
«See Figura 2 ‘or definition of co—ponen-i.}

1. VCO Cenier Frequency. fg.
fO = I;ROCO Hz
2. Internal Reference Voliage. Vg (m=zziured at Pin 10):

Vq = V412 - 650 mV

(2]

L2op Low-Pass Filter Time Constant. 7

T’R‘C|
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Loop Czmoing, §:

/ C

c=1se f 2
S

Vv

3. Loop “racking Bandwidtn, £Aifg:
«atlfg = Rg/Ry
TRACKNG
BASROWTTH
a i- B
[ ] b 3 4
v T . . — P’
“ I L] R L8
3.

FSK Data Filter Time Constant, 7F
TF = ReCp {

7. Loop Phase Detector Conversion Gain, Ko: (K¢ is ihe
differential dc voltage across Pins 10 and i1, per unit
of phase arror at phase detecior input):

K¢ = -2V g/ volts/radian

3. VCO Conversion Gain, Kg: {<g is tne zmount of

change in VCO frequency. pe- 1~ '1 of dc vG 1338 charge
atPin 11);

Ko = -1/VRCoR Hz *olt

9. Tora! Looo Gain, K+

K1 = 2rK9Kq = 4/Ca R rac. 522 ot
10, Peak Phase Detector Curren: 14

ta =Vg tvolts)/25 2
APPLICATIONS INFORMATION
FSK DECODING:

Figure 9 shows the basic Tircuit connzction far 3K decod-
ing. With reference to Figures 2 and 9, the iunctions of
external components are defined as ‘ollows: Fgand Cq set
the PLL center frequency, R sets the system Zandwidih,
anc Cy sets the loop filier time constant and the looo
damping factor. Cg and R¢ form a cne-pole posi-detection
fitter for the FSK data output. The easistor Rg (=510 XQ)
irom Pin 7 to Pin 8 intraduces positive feedback across the
FSK comparator to facilitate ragid transiton betwezn
output logic states.

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

Design Instructions:

The circuit of Figure 9 can be tailored for any FSK decoding
application by the choice of five key circuit components:
Rp. 31. Co. Cy and Cg. For a given set of FSK mark and
space frequencies. fy and f, these narameters can be calcu-
tateq as follows:

a) Calculate PLL center frequency. fg.

. fitfp
0E Ty

b} Choose value of timing resistor Rq, to be in the range
of 10 X to 100 K. This choice is arbitrary. The
recommended value is Ry = 20 K§2. The final value of
Rg is normally fine-tuned with the series potenti-
ometer, Ry.

<} Calcutate value of CO from design equation (1) or from
Figure 5: :

Co = i "Rofg

<+ Calculzzz Ry to give a Af equal to the mark space
ceviat >n:

Ry = Z5ligitty-fxll

€: Calcuizte Cy o set loop damping. (See design equation
no, 4.1

Normaity, ¢ = 1/2 is recommended.

Then. Ty =Cq/d for { = 1/2

#1 Calcuizte Data Filter Capacitance, Cg*

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

Cg = 3/(Baud Rate) uf

Note: Al calculated component values except Rg can-be
rounded to the nearest standard value, and Ry can be
varied to fine-tune center frequency, through a series
potentiometer, Ry. (See Figure 9.)
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Figure 8:
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The minimum value of the lock detect filier capacitance Co
is inversely proportional to the caoture range, ‘.'Afc. This is

: co the range of incoming frequencies over which the loop can
: i o acauirz lock and is always less than the ‘racking ranqe. It is
; rox Pog tuse g 9
et — furiner limited by Cy. For most aoplications, Af > Af/2.
§ S For =O = 470 )fﬂ. the 3oproximat2 minimum value of
| ve Cp can be detarmined by:
O—AAA— '
Cp uF) = 16/capture range in Hz.
¢ i :
San Witn vaiues of Cp that are too small, chatter can be ob-
_T_ * servec on the lock detect outpur as an :acoming signal
= ce = irequenly 300rcaches the capture banawicih, Excessively
large watues of Cp will slow the response ©ime of the lock
Figure 9: Circuit Connection for FSK Decoding ceatact outpul.
ar s Ve
Oesign Example: _,E"
: i .. W,
75 Baud FSK demodulaior wit- ~ark soace F-zcuencies of g ;"_'{" !
- YT l C
" 10“ ].70 Hz: -~ A1
rox
Step 1: Caleulate fg. fg = (1113 + 1170} (1;2) = 1140 Hz =° 9
Steo 2: Choosa R = 20 <Q {12 XQ fixed res s:3r in serizs . 5
with 5 KQ potertiomez:iri g /4 - [E , T ) =
Steo 3: Calcutate Cq from F ure..3: Cog = 92.042 uF - e teaxu
Step 4- Calcutate Ry.R; = 7+ 2240/60) = 380 <Q 1o )
o L DAfa QUTEVT VWA 1
Steo 5: Calculate C;.Cy = Co/2 =C.01 pF : K ct]_
Notz. All vaiues exceo: Rq ¢:- 22 rounce: 0 nearest : -
i Figure 10: External Connectors for FSK Demodulation
itandard vaiue. \ A .
with Carrier Detect Capability
Tabte 1. Recommended Companent Values for Note: Data Output is “Low™ When No Cacrier is Present.
Commonly Used FSK Bands. TONE DETECTION:

(See Circuit of Figure 9.) & gure 11 snows the ceneralized circuit cornection for tone

[ FSK BAND COMPONENT VALUES T2tsction The logic outputs. Q and Q 3t 3ins 5 and 6 are
F ~>rmaily 21 Thigh” and “low™ logic siaizs. respectively.
300 Baud Cg=2038u"  Cp=C.llZuf “Wnen a 10-2 s present within the detect an band of the
3 =1070Hz | Cy = 20147 Rg=1z<Q SLL. the i3gic state at these outputs beccme. reversed for
f2=1270H: | Ry =100KQ =g durauc= of the input tone. Each logic autput can sink
300 Baud Co = 3.022:7 e currens.
t4=2025Hz | Cy =35.00¢7 uF Soth logic zuiputs at Pins 5 and 6 are 00za collector type
f9 = 2225 Hz Ry =200 K0 £23g8s. anc raquire exiernal pull-up resisiors Ry y and R
_ &s shown in Figure 11,
1200 Baud Co=2027puF  Cg =C.2022 uF
fy = 1200 Hz Cy =0.01uF Rg=T13XQ
f5=2200Hz | Ry =30KQ
vCo
FE-TUNE

FSK DECODING WITH CARRIER DETECT:
The tock detect section oFf XR-2211 can be used as 3 carrier
detect option, for FSK decodina. The recommended circuit
connection for this application s shown in Fzure 10. The
open collector lock detect outout. Pin 6. is shorted to =ata
output (Pin 7). Thus, dazta output will be disanled at “low"
state, until there is a carrier within the detection bang of
the PPL, and x_he Pin 6§ output goes “high."” 10 eﬂable .Ihe

data output, Figure 11: Circuit Connection for Tone Detection.

~
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she funcuions of the
‘ollovs.
ina Jdeteciion

“hin reference to Figuces 2 and 11,
axterngl circuit components can o2 2x2dlained 35
3g and Cp set VCO center irecuency: 3 @33
sangwidth: Cy sets the low dass- ‘looo fiiter 1.re constant
:nd the loop damomg facior. =L1 and RLZ 373 tne rsspec:

Dasign Instructions:

The circuit of Figure 11 can ce ooumizec “or 3ny sone
Jetection application ty the choice of the 3 <2y circuit
components: Rq. Ry. Cg C, anc CD For 3 jiven inTul,
the tone frequency, -‘5 thesz Zarameters 7% ~alculaied
3s follows: F

i al Choose Rq to te :a the rarj2 of 15 <0 0 100 XN
This choice is acbizrary.

b} Calculate Cp to set centar s-equency ‘2 equal 10 {s
(sze Figure 61: Cg = 1/Ryig

1 c) Calculate Ry to 331 Sancw 230 £Af {32 design =CUa-
i tion no. S5):

R, = Rolfg/ah

The total s2tectic~ =sndwiden I::ers (&3 ‘re-

quency range of fq = Af.

Note:

d) Calculate value % Cy for z ;'ven looo s3mioing “3C10r

C, = Col1682

Normally { = 1/2 is =ztimu~ *2° M0st1or # 221eClc” zcchi-

e b 4T

IR.TIL

ru
TN

tauons. giving Cy =0.25 Co.

slncreasing C‘ improves the Sui-2¥tand sigm: -gject 5. Jut
increases the PLL cactare e,

e} Calculate value of filwr
zhatier at the 3gic ouiT-<.
must be:

caoacitor Tp. To avoid
with R~ =470 Q. Cp

CpluF) > (18/capture ramze in Hz}

Increasing Cq slows down he logic outgL: 7esponse time.
Dasign Examples:

Tone detector with 3 detectica band of 1 kxHz £ 20 Hz:
) Choose R = 20 K (18 K in_series_with 5 K2
potentiometer).

b} Choase Cq for g =

uF.

1 kxHz {from Figure 6): Cg =0.05

Figure 12: Linear FM Detector Using XR- 2211 and an
External Op Amp. (See section on Design
Equation for Component Values.)

) Csicu'ate Ry.R; = (Rg) (1000/20" = 1 MQ.

d) Caicuiate Cy.for ¢ = 1/2.Cy = 0.25. Cg = 0.013 uF.

2) Caicurate Cp:Cn = 16/38 = 0.42 TN

£} F ne-wune center frequency with S <Q potentiometer,
Sy

LINEAR FM DETECTION:

%XR-2271 =an be used as a linear FM zztector for a wide
rance <° znalog communications and tg'zmetry applications.
The rzco—mended cCircuit connection ‘9 this application is
shown ‘n Zigure 12, The demodulated outout is taken from
the !cco chase detector output (Pin 11). through 3 post-
detec:.on filter made up of Rg and Ce. and an external
buffer amolifier. This buffer amplifier is necessary because
of the nizh impedance output at Pin 11. Normally, a non-

_inverting unity gain op amp can be used as 3 puffer ampli-

fier, as stown in Figure 12.

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

Vg = By VR/100 R Volts/%deviaucn

out
where Vg is the internal reference woltage (Vg = V#+/2 —
650 mV1. For the choice of external comoonents Ry, Rg.
Cp. Cy 3nd C. see section on design equations.
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" PRINCIPLES OF OPERATION

Signal Input (Pin 2): Signal is ac coupled to this-terminal.
The internal impedance at Pin 2 is 20 K§2. Recommended
input signal level is in the range of 10 mV rms 10 3 Vrms,

Quadrature Phase Detector Qutput {Pin 3): Thisis the high
imgedance output of quadrature phase detecior and is
internally connected o the input of tock detect voltage com-
parator. In tone detection applications, Pin 3 is connecied
0 ground through 3 paraliel comyination aof Rp and Cp
{see Figure 2) to eliminate the chatter at lock CEIECI OUIBLIS.
1f the tone detect section is nOt use=, Pin 3 can 22 leitoo2n
circuited.

Lock Detect Output, Q (Pin 5): The output 21 7in 5 is at
“high" state when the PLL is out 6% lock and gss to “low’”
or conducting state when the PLL ‘s locked. 13 1 is an ocen
collector type output and requires 5 oull-uo resisior, RL 0
V+ for proper operation. At “low’ state, it can sink uo to
S mA of load current.

Lock Detect Complement, Q (Pin 6): The output at Pin 6 is
the logic complement of the lock detect output 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.

ESK Data Qutput {Pin 7): This output is an open collector
logic stage which requires a pull-up resistor, Ry, to V+ for
proper operation. It can sink 5 mA of load current. When
decoging FSK signals, FSK data output is at hngn or “off”
state ‘or low input frequency, and at “low’* or “on’’ state
for high input frequency. If no input signal is present, the
logic stai2 at Pin 7 is indeterminate.

FSK Comparitor input (Pm 8): Thisis the hsg"\ impedance
irput to the FSK voltage -:omparator \lormany an FSK
cost-detection or data filter is conneciad between this

arminal and the PLL phase detector outout {Pin 11), This
data filter is formed by Rg and Cp of Figure 2. The threshold
voltage of the comparator is set by the internal reference
voltage, Vg, available at Pin 10.

E£QUIVALENT SCHEMATIC DIAGRAM
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54166,/ 74166 8-Bit Shift Register (Parallel-In, Parailel-Out)
Schottky TTL High- Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Package -, Package . . Package X Package . Package
| Device T Device Type Device Type Device Type Device Type
\ Mad CIGTAG yPe [cTP mIcH P A[MICF c[Pm[cH clPIMIcH
= : > 10 SN54166 I W
oo & SN14LS166 3 DING SNIEE 1 OING®
. LI P (5
FAIRCHILD - el FAISE I
MGTOROLA
DMS4166 o] W)
NSC. oMTies  LOIND| WD
PHILIPS N7ates )
554166 F@{BM WD
SIGNETICS 7 N74166 O ES
) SIEMENS FLJ 461 1@
FUNTSU - -
T
HITACHI HD7a166 TIPT
MITSUBISHI TS 5
NEC
TOSHIBA ;
. : e bi '
Electrical Characteristics SNS4LS/SN74LS166 Pin Assignment (Top View)
absolute maximum ratings over operating free-air temperature range 5 0) 0
Suoply voitags, Voo TV | Operating free-aw | SNsaLS] —S5°C w0 125°C . ‘
inout voltage 5 ™ 16MOrATCS 1angs [SNHLS 0C 1 WC PARALLEL PARALLEL INPUTS
Storage temperature range | —65C e 150°C SHIFT/ BNPUT DUTPT e,
) g6 _tomperaturs rang . VeGioAD W O G F E CLEAR
recommended operating conditions
L k 111 18 1% 13 12 1} 10 9
‘ SN54166 SN74166 i .o
WIN NOM_MAX | MIN_NOM_MAX | 1 1 T 1
Suoply voliage, VCC 45 . 5 sslaIs 0§ 5250 v 'fomET, M 0w @ F E
High-levet output current, 16y - 400 -403 | uA LOAD
Low-level outout current, 10 4 84 mA SERIAL,
Clock _ trequency. towoek o 5] 0 25 | MHT NPUT CLEAR
Width of clock or clear Dulse. iw 20 20 ns cLocK
Modecontrel_setuo time, tseng 30 30 ns N B ¢ o et CX
Data satud time, teetn 2 20 ny
Hold time at any wwout. 0 0 ns l ] L L [ l
Operating free-aw temoeraturs, Ta (ses Nots 1) 55 125 [] 0| T 1 2 3 4 5 [ 7 ]
electrical characteristics over recommended operating :::.;' A_® __C 6 clockCLOCK GND
free-air temperature range PARALLEL WPUTS
PARAMETER TEST CONDITIONS t MIN_TYP $ MAX | UNIT positive logic: ’
Vi High-tevei wmut_votlage 2 IR .
Vi Low-lovel nout voliage 0.8l Vv
vt Inpul_ciamp voltage Vee=MIN, [1=—i8mA 154 v Function Table
v Hagh-level output volta VeGmMIN. - Viy=2V. 21 34 by
oH Y 90 Vi =08V, lgp=—400 ua | * : | ‘166 (see Note 3)
v Low-evel outout volt Veo=MIN.  Vig=2V. sl v
oL Lo outout voltage ViL=0.8Y. oy = tma 035 0.5] INPUTS INTERNALT o o
SHIFT/ | CLOCK PARALLEL | oUTPUTS
Imout current at s i CLEAR CLOCK | SERIAL
1y maxsmum mout voltage VEG=MAX. V=1V 0.1]| mA £ LOAD | INWIBIT A..H |G Gg Qy
Iy High-evel 1npul curcent VoG =MAX, V| =2.TV 2 wA L X X X X X C L L
Iy Low-lavel ingut current Voo =MAX, Vy=0.4V 0.41 mA H X [N L X X 0a¢ Qg0 Ong
1o Short-owcut outout current @ | Yoo =MAX Shsats | —20 L H L . ' X a...h a ] n
SNT4LS | —20 100 " H % t H x H  Qanf Q6o
ice Supply current Voo =MAX, SIGELS 22 3 nA N H H L 1 8 X (% QaAn Qgn
See Note 2 SNTALS 22 1 H x H 1 L X X Qa0 Oso| QHo
fmax  Mawmum clock frequency 25 s MHZ
. Propagation aelay time, hegn-to- 1 - s
PHL 1w-levet_outout_from clear " .
Propagation delay time, Mgheto- | Voo =5V, Ta=25C.
PHL low-tevel output [rom ciock CL=1%F. R =2 * o it .
Propagation celay time, low-10- NOTES: 1. An SNS4I33 n (ne N package operalng at free-awr temporitures above (22°C
PLH Igh-teval outout from clook L 2 38| 08 requires a heat-mink 1hal prowides 3 thermal fesistance from cass o free-aw,
Agca, of not more than AF'C/W.
2. With alt- outputs open. 4.5V apphed to The seral inpul. ail other nputs sxceot
e clock ¢r L Iccs after a ¥ ground, then 4,5V,
. 18 apphed to clock.
3. H =high level (steady state). L =low lsvel {steacy state)
\ X =wrelevant {any nput, nCluding ransitions)
T =transition from low 10 ugh level
a...h =the lavel of steady-state npul al nguts A thru H, respectively:
0a0. @B =Ho =the lovel of O O, or Qu, respecuvely, belore the
ndicated  Steady-stale mpul coNGIIons were o03tadiished.
Qan, OGa =the lovel of Qa o Qg respectively, bstore the mostrecent
1 transition of the clock.
tFor conoitions snown as MIN or MAX, use iNde acpropriale vaie unoes 3 N

TAN typicat values are at Voo =5V, Ta =25C.
e Not more than one Gutbul SNould Do 3Nar(ed al a Lime,
CONTINIED ON MEYT eare

L —



54166,/ T4166(CONTINUED)
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54167./T4167 Synchronous 25-MHz Decade Rate Multiplier

Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
. Package B Package A Package i Package | .. . . Packsage
> Dgwcf_T»ypeCPMCFDWICBTMCPMCFDW'“TWGCPMGDSV‘“TYPOCPMCFD‘W“TWQCPMCF
b R ET 1G] WA
T. "‘ SN7415) ) @\

FAIRCHLD - 1

MOTOROLA MCTATE] Pc

NS C — -

PHILIPS

SIGNETICS

S‘BJENS FLJATE [

FUJTSU

H "ACH HD74167 4]

MITSUBISH

NEC

TOSHBA =g

Ectrical Characteristics SN54167 SN74187 . .
4 Pin Assignment (Top View)
sheeluts meximum ratings ever operating irne-air temoerature rangs Barg wwtt
—— wre pmamit
Sumey v VEC TV T Orweieg Yeven__|_BNW_ | -9C w IBT e LBt fues moen S
- " = |
[ hown ey 307 f wmomnce e _|_SHIC | 0% W WC 161151 141 )13 l12{11{j10 9
_Sterepe wemenronre rage 1 —6'C e IWC 7
d i diti itive logi
positive logic:
SN3A187 SH74187
R cadl LA = orral CONNeC
Wit NOM MAX | Wit NOM _MAX Lo NC—No mtemai ton
Suery wawt ¥CC P X TN T ¥ ) K]
Haprave wAs outent. o - 400 =400 | ph
Lomrvss ot Grtent. YOL [ [
‘ot cuoct Weousney. ooy O s O 231 Mmz
W 9 Gce ruise. lw toacnt . % 1) -
[ e T T4 T |~
W 81 Srive- et st (v w0 Ty 1 " . ey
Towvirg Sores wovense, Vi TR e, ¢ W T
elechical charscleristics ovar recemmended opersting
frae-air temoerature renge . :
Ml STATL MO ON RATE $oe te A
PARARETER S TEST CONDITIONGT _ IMiN TVPT MAK {UNIT Function Table
Ve g oA wront ¥ T 1 v ; ; v Lol I T
Ve e v e 1 O i aconare | e 0r § gree
Vi et samp vorege Tveg-Mn. W= =it 18y v o o T - 3 T
Veg—.  Ve- V. T R e <
[ NN - -
Vou P e voug vp =03V, gu=—M08pA ¥ 2 s HS i L o 1 i . ! - [
Vee-MAN.  Ym=1V. 1 sl he. - I fe
et S vortage 0 e v .- -
oL Le- vy =0 BV, ipp =ibma " R\ ! /T [ : ‘
et erremt M . . PO O | - - <
[ veg-MAx, VB3V TS . i . . R Py - |
e rer e . R N Sl S I e -
gr-ovrt e v > - \ LR S S - - .
| S T o {vog~MAR. -2 b T T g £
e Tt bt Wl " VT T T L s el X g T
1 o e e van vi-bav - XN IR B B T . e Jet
Y T o “is R N R R fa
108 Bt cvewi st s O jvge-an -1 =831 ma [ PO CEE S u : . ::l
o uwy B i Mgt TuepmMAZ  ber beete |1 4 1 mA = P CRE SR & s I
\CLL_ Suwen eviem_wvie. v VEooMAF  See howd | % B ea ? . .
Ing s et Cect ety TR % [N Functional Block Diagram
LY. 2] tat
T’:—{-ntm-wtm “ a oy -
| 12 | yom Surene 10 mama T u - - o
[ 15
i * - L .
-—.:L—(l wom Cuca to oront ¥ ) ~» v + "“.‘..‘
+
| P02 J pom Cioes 10 wmnt 2 k4 ~ 3 can +
oy 7 &) .
vee- SV, D ur P
AL ven Arw ot z Teomt. < ~ oy : ;
togr | vom Untv/Cascese € = 150F . 3 aes 1 |
[ oY R -2000 T ae
" i1
L 1PL% | wom Sweve 10 svieut ¥ N Xlm et T ) l
o, ) w2 X O -
Py P -t
| 2L | pom G @ avisun Ereris 3 £l . * ot
ot [T
Wy e ¢ Fom Cinar tn utat ( 3 » . L
pes__ 3 o Cuo_te ot T WD
1y D rem Settod 0 oo (X " N .
B VO ARy RalE YO W D) ° 1
L r—————‘ -
1oy B oot T l . D) pore cascsen 12 ET O + weer
- it
1 mnan .
NOTES. . IGCH '8 maaswred win outputs open and alt wouts fow.

t

2. IQGL 'S measureo with outouls open and atl mouts ipgh except the sel-to-mine nout whuch 13w,

A. He=hgh tevet, L—low level, X = wrelovonl. ANl remanung enirms are aumens counts.

8. This 1s a smolihed stiustrazon of the cloar functon. The states of clock and strobe can attect the logic level of Y and Z. A tow
umty/cascade will cause output ¥ 10 reinam fugh. -

C. Each rate wiustralag asoumes 8 consiant vake al rate noutls; however, these HiuSralIoNS M N0 way prondut varsable-rate 10U’

0. These wout CONGILONS excCeed the rangs of the gecima: rate nouts

€. Umiy/cascade car be used 1o wtudit outout ¥

1For test conditicns shown a3 MIN o MAX, use approphate vaiue under Te h tor the bie device type.
S AR tyoecw vawes are at Veo=SV, TAmZ5°C
ohot more (hah One OULPt Showd be shorted at a time.
» tRLAm prooagation deiay time. iowto-highdevel output
1AL OrooAgatIOn Oeidy Lime. high to-lowdeval outpul,
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Hex Inverter Buffer /Driver with Open-Coliector High-Voltage Output

5416 /7416
Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL, Low-Power TTL
Package Package Packege Packege Package
Device Type Device Type Device Type Device Type Device Type
e IcTr mlcr YPe Ic[PImIcH C|P{M]CF] C|PIMICH C|{P{MICF
T l SNS4T6 3D W
o SNMIE 1N
FMS416/FMINI6 DD [ .
FA‘RCHILD FCNRIS/FCINI6  DDIPO L‘
MOTOROLA SHITE - al
OM54i6 JOING| WD
NS.C. DMI41E JDING
PHILIPS . F JH321/7405-S1 [0
55416 FOAD W
SIGNETICS NILIE FOJAD
SIEMENS FLHASIT [y
FUNTSV
HITACHI [ HDT416 TIPd)
MITSUBISH! |— e ™
NEC
TOSHIBk TDMIE P @
Eloctrical Characteristics SN54167SN74 16
absolute maximum ratings over operating free-air temperature range
Supoty vo'tage. VCC w Operating fres-ar | SNSI* | —$5°C 1 126°C 5 :
oul vortage ) temoerature range | ENTE IS Schematic (each gate)
Olr-seate (nign-tevel} voitage v Siorage temoerature fange -§5C W 130T ~ V.Qc
aepied 10 ooen-coliecior Oulduls
recommended operating conditions =
SN5416 SN74 16 ! s QUTPUT
MIN__NOM __ MAX I MIN __ NOM__ MAX |
Suopty voltage. VCC 4.5 § 550475 s 5250 \
High-reve! oulput voltage VoH [ 151 v
Low-level snpit current. 101 ) w0 mA
Operating frae-ait temoeraiwre, Ta -85 Toas) oo B ¢ ’
electrical characteristics over recommended operating i J
free-air temperature range l ] onD .
PARAMETER TEST CONDITIONS 1 MIN TYP $ MAX [UNIT ,J,,
Viyy  Heghemvel mout volage 2 LoV .
Vip Lewevel wout_voilage . 04 v 3 CrRoUIY
Vi ingul_clamp voilage Voo =MIN, iy = =12mA —1.5; \
VCC=MIN, Vi =V max i
1 t
toH Higheve! output curren: Vo= MAX 2501 mA
VOE=MIN, V=2V, ~
v Low-level 1Qy = 16mA i S
0L suput voltage VCC=MIN. Vip= 2v. - .
oL = MAX )
Input current at
A
f man oot valtage VOo=MAX, V=55V 1} mA
WK High-devel nput currenl VEC=MAX, Viy=2.0V Wi ph
LTS Low-evel npul current Ivoe=MAX, Vi =04V —1.6] @A
iCGH __ Swoply cwrent Voo =MAX T otal, outputs mon 30 48 ma
1oct  Supoly cwrrent Tora!. outouts ow 32 1 ns
Avesage per pate
! Supot . £
cc upoly current Voo sV (50% cury coycie! 5.1 m.
Prosagation celay time. "
WLH Vow-to-ghieve! outpct V(';c- v, Tam2°C, [ 5] ns
Propagation gelay tune, -
a 3
TPHL  pyosgrtom-tevet outpet CL=isF R =102 1s 23} ot
Pin Assignment (Top View) .
vee A 6Y S5A  SY 4a 4y -
Wl Jes] d12) 111} ol 908
el Zalilel
iigEigkigCinkiniipki
Tk Iv 24 2Y 3k 3 GND
:o.:."' logic: Ressior values shown are nominal ang in onms.
N
1For conations Snown 8s MIN & MAY, use the 200100TdIe value SNEC/TEC unoar Coaad 10

TAF typca!l vatues are 81 VOO =SV, TAVSC
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B4T4,/T4T4 Dual D-Type Positive-Edge-Triggered Flip-Flop with Preset and Clear
Schottky TTL High-Spead TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Package Package Package Package Package
Device T Device Type Device Type Device Type Device Type
YPe rcTPIMIcF P CTPMICH e reTeMIcH P I TR micH YPe FeTpImicH
T1 SNSLST4 J® WD| SNSaHTa I3 W] SNSALS T4 10 wiI{ snsere o W SNSAL T4 3 TNDIT 2
s SNT4STE IO IND SNMHT J INC] SNULSN 1OIND SNTATL JOINGY - SNULTE J TIND[T 2
FAI LD FMS4ST4/F MISTIOD F M54+ T4/F MSH 14 1DD F 2] rsusi/temse [0 FQ | FrASa14/FMINTE (0D F
RCH FCT4ST/FCIST 10T | WD F CTHTL/FCINTE 10D |PD F | Krasre/ rexsn | "D FP] FCTAT/FCINTE DD [P
|
MOTOROLA SNHLST PG 1
NS.C OMSEHTL 3 QIND) DMSALST4 P ) DMS4T4 JONG] 1w DML TS JOING]  FZ
. CMUSTH NO. DM T4H T4 JTIND T [ oMuLS DM T4 JDINT DMMLTL JEING| _FD
' ]
PH{U?DS N1457¢ D GJIITHTA D NTLSTd T € 1313177474 T i
$54574 S54HI FOIAD| (WD S5474 FOIAD] (we| \
SIGNETICS NS N7aH7d FOAD NYILS T8 AT N4 FEIAG
SIEMENS FLIa [
FUITSU T4 ST o MBA20 M}
HITACH HOT4ST DiPT HDIW.ST4 PT HD7£74/H02510 | DIPD
MITSUBISHI 1A P MILS T F D) MS327/M5374 P
]
NEC ST cT LS cA; #PB2I4 odicT !
i i
TOSHIBA TCNA P | {
Electrical Characteristics SNS4LST4/SN74LS74
sbseluts mazimum rstings ever sperating free-sir lemperature renge
Sumny et VO ) Operotrg woess | SNSALS ~WC w imt . . H
W
— — e [Sons o Pin Assignments (Top View)
Swmege wmawsirs T ~45C w 9C ® - ®
- - 2
SNSAESTS, SNTACS 74 e Voo oLm D XK PR X X PR 10 10 OND 20 20 PR
Codall Ll ot i T (] 143 fis] fial favl (el {1 0% fislfis Jiol [l Nl ol le
Seapey wriags. VOO X [ 3.8 [em s L v T T T
[T pp—Ty =) w0 | mA [e* ¢ d l
[T 0 V| - bos L o 0 S o
. I
s . e Cou i L) S N A Al pr CLAby eLn erp
Prosst or clasr om 2 5 l b 3 _.l L3 cK
. Pt vet data 251 231 b o, © 2 4 ]
e L S Lowtave 20° 07 2] _D__ T L, T
o veie bt o st [ s e s s sy sfigfig0g a0y
Qeweieg ver-er temporanss, T4 ~t5 " 0 m{ T 1 10 iCK PR W 10 GNO KD \ vVeg 2 o XK
- — an ) ca
0!octn.cal characteristics over recommended operating Functional Table .
free-air temperature range 5 V. .
__PARAMETERe TEST CONDITIONS T | MIN TYP$ MAX JUMIT 74. 'H74, L574, 'S74 (See Note 2)
Viy High-level nout vollage 2 v INPUTS QUTPUTS
Vit Low-evel mout_voitage 08| v PRESET CLEAR CLOCK 0 | @  a
vy inout clamp voltage Veg=MIN, § =-18mA -5 v L H X X oL
Ve =MIN, V=2V, H L x H L H
v High-tevei
on  Higy output voliage Vi %08V,  on=MAX i\ ¥ L L x x | w owe
Voo =MIN, V=2V, H H 1 H H [N
v Low-tevel . 4 v
oL Lewsavel output voliage Vi =0.8Y, oy = émA 0.25 0.4 " " 1t Lvlu w
Inout ourrent at g’:ux :; 3 al b X {% &
u nout VoC =MAX, V(=7v =] mA
voltage Presst 0.2 1
Clock L Functional Block Diagram
0.4,K. 20
Hogh-tavel Cloar 40 [
4 Vv i
" mput current Proset VoceMAX. V=2 wl “* -
Clock 20 e
0.J.K. ~0.4 at ..
Low-tovel Clear 0.3
1 = =MAY =0.
w input current o reset vee . V=04V -y mA .
i Clock -0.4 5
Shart-cweut Sernes S4LS -20 Ca00a
[ c=MAX
05 uiput corront @ |Seres TaLS| L CC ) na
Swply current
Icc (Average por mo-fioo) VoCe=MAX, See Note 1 a 2} mA °
1 clock frequency o 25 EY) MHZ 764, 'STA, "H7&, 'LSTA, 'LIAOUAL D FUIPFLLP WITH CLEAR AND PRESET
PLH | rom clear, preset or clock Ta=25C. 3 L
{as aporopratet 10 Q o § Cu=iSF. e
PHL A =22 1 L
NOTES : 1 With ail outputs open, (GG 15 measured with 1he O dng § Cutouts high m turn.
At the time of maeswement, (he CIOCK wPul S Orounded
2 Hwmgn tavel (sieady statd), L =wwievel (steady siate), X =wratevant
T =ransiton from Iow (0 Mgh wver,
: Qo=1ha leve! ot O bslore tho nout .l were
«Thas configuration ¢ MNSHADIS: tAAL ., it wih ROt DEr5iSt when presel
NG Clodr OULS retirn 10 INEr wnactive (Mgl leved
TFar gondivons whcwn a3 MIN or MAX, use the vae wder

$AR typcal velues are Bt Voo =5V, Ta=25C,
*Ngt more than one out>ut snould be shovied at a time
# {py_jy AwQORGRNION dewy L.me, igw ICuGn-leve: outpul.

1Py wor cetav tme,

Lo

output ;

§ Tre A1Tow iNGKCAte 1N 20Qe Of (DC CloCh PuIse usdd tar relence- * 1y tha rising edge.
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