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REMOTE CONTROL VIA ON AC LINE

Mr.Supachai  Nilkaew ID.47015263
Mr.Anan Omsin 1D2.47015271
Assist.Prof.Prapakorn  Suwanna  Advisor

Education year 2006

ABSTRACT

This paper presents a design and study in sending data pass trough the AC line for
control appliance and communication between transmitter and receiver device .RF range 14.5 ~
14.9 MHz are used in 3 channel and it will be controlled by Microconiroller device all range.The
Receiver device uses a principle of Superheterodyne design likes a common Radio .It consist of
RF amplifier , Mixer and Local oscillator that has a frequency synthesizers using PLL IC and
output from Phase detector will be feedbacked in voltage format to force Local oscillator generate
an exact frequency for all 3 channel. l

At Transmitter part will use directly Digital Modulation Signal and then it is increased
by amplifier circuit again because it must be sent into 3 Phase lines so it has gain higher than
power amplifier at receiver part. In this case we use simplex communication and use
microcontroller for control both communication and display.

The paper in this education year has main content both theory and experiment therefore,
anyone who care for them can use them in reference and study about operating systems to

develop them in the future.
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NNAUMST Gaingy, = Or ' (2.12)
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2.9 Modulator and Demodulator
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MNauNsh 2.23 naz 2.24 wWUhNIeNG o, gnideunimitiiuo,o, 1Hn viAne
. . a o ddoa o_ b ar o
VBIHORY sinw,fsinws Wufe nadwifiiannnishdyaauresdaguinguiue 14
o vl A =
dygnulmizegnideunnud vin o, ues o, i 0,0, uas o, -o|

£y LA | a . = -
VUIUNSUMTDIHTONTHU AT (Frequency Conversion)  tuvuaunmsiIdlumsiu




17

dninreayana? nizeounmanszy

wieaamanuivesdyanudaiiums ndnms@oafiu AM Modulator ymlszn1s viude
2395 AM Modulator (1823383 Frequency Mixer 93iiguuumitouduynlszns

1 v()=Vsinot

waz  v,(t)=V,sino,r |

n91ves (sinat)' nie (cosar) sxnirldifanai +Usinnor w50 +V cosnor
U,V =minsii nionadues v(e) veadagisersTuindd » now (£sine, nie
+ cos@,f )(£sin” @t N30 +cos’ @,r) winldiianid xo + yo =‘§~1L§'Uﬂﬁ'ﬂgﬂpm
mfhf;‘ﬁ CrossProduct Frequencies:l?ﬂ Cross Product Frequencies N3 al x=1 ,y=1 i
-AM Modulation

-Frequency Mixer

-AM Demodulation

LuazC Avnoaaames azﬁmﬁﬁr’hﬂu'm'smmﬂfny?ﬁmumu fianTonaneunuii
Tidesms vingas |
2sinw,t -sin @,t = cos{w, — @, ¥ — cos(w, + @, ¥

2sin@,t -cos w,t = sin{w, + o, ¥ + sin(w, — o, ¥

2cos @t - cosm,t = cos(w, + @, ¥ +cos(w, —a, ¥

2cos@, ! -sin ,t = sin(@, + @, ¥ —sin(w, —a, ¥

sin{- at) = —sin wt

cos(— at) = coswt

/e .
cosl wf £ — | =L sinwf
2
) Fi4
sm(a)t i?) =tcoswt

vinf lAeTuoludagdi

1} dusitloudygnuldiusesswew @vowyasiiadgaeuialidhududu) Woe
iR o, Fygaineeenzlszaeudiodyapuniinimd o,,2e,,30,,....no,
s a a A e ° ¥ o
Tunsdiildrdluaesuss dyapufinnessiifismd  neo;n>2  liiea

4:’ o e A=) o

anutiou Tuguuued Tulindfans oy
adelsfianus 1w lflzToninndygraitinmt rno;n>2 Taoldaesnses

WAHOUHIY  nIRARWIZALEN IdBIms  JaesvowiugnSundt  23esgandud

72120



18

P 4 - U4 - A Voo
(Frequency Multiplier) Fuilu99s fifisz Tomni latimwizedntafuniosdaing
o 3 4 i o 1 1
2) dfleudygnennnndmiliannd: o, 0,; dggnuiineesnusnainezie?ly
o o & P ‘ﬁ’ ’ o e .o 4 o q ¥
UNT YOITUAIWNNINNITNOY wwUaAYPAIU Cross Product Frequencies Bnfau Fezvild

dyanatinesnilsznoudlsdyauniiniiud

0,,@,,20,,20, 30, 30,,... |0, t o,|,[20,

£ @yyenns|@y £ 200, ) |, :t3a)2[
Tuns@invsuwdygne Cross Product Froquency hlWiAARMMABLHZUNI?
Intermodulation Distortion 8619 15fl@ Cross Product Frequency ol Malse Tosy
athaﬁ'ﬂus:uuﬁiams'lfmu'[ﬂu“lfamsnmqﬂ'.nu?;lﬁammmm:ﬂ'Jmﬁﬁﬁ'mmﬂwwuw
i}:tﬁ%ﬂmﬂuModulator w5o Frequency Mixer H38 Demodulator M3 Cross Product
5 ’
Frequency 0190519140 nnesgae Fenvigudgaaiiinegtuzluvuvesled luniseen
suvssuy dsenuuu vy IF ﬁmﬁa 10.7MHz 1ﬁmmnmmmaﬁnauﬂ11u?;~um lanoa
20U ANDTUATAIW (Image Frequency) ilorulaines $118iw5iinfamos 10.7MHz
Tunsnses sz Wimwzaudnarainfu lupldi 2.7 ImsnSeudoligsenimsld
a9 AU IF A1 uAnArefuedls ﬂzmu'lé’wmmmmnnawa]in‘smmmnﬂ:'lnmmm

4 4 -
N504A7 1N MazA D lancaseadiames 14

¢/ PRESELECTOR 191z MAGE proTee

& FILIER L]
2 ®
I 1
g B N
‘E‘ £ PRESELECTOR
z S FILTER
£ Ea
- -
2 5
2 DESIRED Lo
&-30 FREQUEMCY B0
- -t
o H
g H
[y [ 3 \

-0 “-4.

DESIRED
MAGE FREQUENCY
20 10 ) 0 <m0
-20 -10 [} =10 +X0
2 PRESELECTOR FREQ (i) a4 PRESELECTOR FREO (MHr) Srous2:

31UN2.7 uaasnuuanA1veIMsen IFg IFA

2.10 Quadrature Detector
o ar ar [y s e [y [} ar
dmiunszuoumsavegawesuvy FM I lAszduus e winnfidludaduiy
. » » d!
ANuDveIB UL uyAYF MY092995 3 JUuuy Al

1.Phase Locked Loop(PLL) Demodulator




19
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3.1 Microcontroller (MCS-51)
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a131aN 3-1 luTasaeuInsamesluaszga MCs-51

Device 16 BITS
EPROM | ROM(Bytes) | RAM(Bytes) INTERRUPT
Name TIMERS/COUNTER
8031 - - 12848 2 5
8031AH - - 12848 2 5
8031BH - - 12848 2 5
8032AH - - 2568 3 6
8051 - 4K*8 128%8 2 5
8051AH - 4K*8 1288 2 5
8051BH - 4K*B . 1288 2 5
8052AH . 8K*8 256*8 3 6
8751H 4K*8 - 1288 2 5
8752H 8K*8 . 2568 3 6

3.1.2

Tnssa31aves MCs-s1

v
InssadremolusiugmveslulnsnouInsamesaszqa Mcs-s1 1we7 8051

Uszneudogiinseldn g Taud

128 bytes)

miwanuiimoludmiududoyavuin 128 10 (nternat data memory

- wiroanus e ludmsylbsunsuvuia 4 3la'lud (aternal program

memory 4 Kbytes)

- Uns EINIURUMIBUMBTSWA  (Interrupt Control Unit)

»
- AIAIIAWATANIVUUIA 16 TR 2 44 (Timer/Counter0 and Timer/Counterl)

I A & o 1)
- WOSARIUANNIADMISOYNSUIUY Full Duplex Feannsasunazdatoyn

wioufu'ld

- wofannudmsvaadetugnsainouenduau 4 nesa nesaas 8 a

- AvIRAR AR IuuIRn Mol
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nI'romIt
R E NYNPS Ta— whrasido | P wvmivinm 1 e T
; 1 |
whmhsneenms (o P 2rrrfinm o fe— 10
b
—— —— ot | L oo
I A le LD

3 3-1 TasarduneluveslulasnouInsamesnszga MCs-51 wey sos1

3.1.2.1 wisanusdwmiuiy Tsunsy (nteral Program Mémory} _
wironusrdmiuduTlsunsuimhfifulsunsuRgl S outu
n’-’;am‘uqun1sy‘hq1umm'1u1ﬁﬁﬁau'[ﬁsamm’ Taomissanmdresdiuiuy ROM finny
4 Kbytes (AwMu3 0000H - OFFFH) Tunis WWaomuannsodwmuald llasaouInsamed
1§anh’f’Tﬂmn'suﬁ;ﬁmtjmu'iuﬁ"ﬂuTﬂ:ﬂauimataa%’w?aTﬂmmuﬁtﬁnmjlunﬂwmm
$1(PROM) fingnrouenild nmsidennisaadeilaonisfloudygpualvguiin EA
(ExternalAccess) 19 0an13 IuTnsnou- Tnsamed AndeduTilsunsuiiogluniasnaus
moludlulasaouInsamesazdeviiituaesn 1 windesnisIWlulasneuTnsamodAn
aofuTilsunsufiftuoglumizsanudmouen sxreniiifuaesn o msAadeduming
anus llsunsuniouensz@ade ldnimua 64 Kbytes (AHMUY 0000H - FFFFH)
luns@fidmualilylnsnouInsamoandosy Tsunsy fioglu
e ANnud1 moludalulnsnoulnsamesezfadeld 4 Koytes (§msuwed 8051) win
Aurnisves hfsunsuliauAundwmisvesniaonusimoly (Tdsunsuoriduning
Kbytes) #11ulnsaeuTnsameorinisdadoiu lsunsufioglumizoanudiniouen
on Tuln '

3.1.2.2 wiawaudteyamolu (Internal Data Memory)
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missnrwieyamohnimifidudoyaaly uesimhiiduaudn
yudw miranuddeyanioluveuey sos1 ting 128 lud Tavegluduimis oon-
7FH
3.1.23 gunsainIugunsBuAeSHA (Interrupt Control Unif)
AudnmimihinugumssumesindveslulnsaouInsames ai
M33oveduneiing 18910 6 undaduiia Ao dygrueinnmsuen 2 fygim 11na2
Timer0, Timer} a2 Timer2 uazmnqﬂnmﬁ"vﬁu’fayaamumgnsn 1 Ty dgygudy
mm"%’mfﬁtﬁm’fummsnmuau'lﬁ'lu'insnauTmmaa{ﬁw?un?a'lﬁﬁam"nﬁ‘lﬁ' wonnIngi
daeunsadadRun i Ayven1sBumeSSnd (nterrupt priority) 1indgya e q Wiy
2 STAUUANAINAU
3.124 fAwInaLaNy (Timer/Counter)
W lulnsneuInsamesives 8051 Uszneudanis maefdrsanoniy
A 16 AT MM 2 4R f9 Timerd uaz Timerl dwiululylnsneulnsamesives sos2
224} Timer2 (HUAUBA 1 §2 A0 Timer Ranuamursadimua o udnsazvesioniy
niodWurianld
m'sﬁuwuiu'iwummﬁ'aﬂ:ma1fi1‘lu?'§'ﬁmas’ﬂ=lﬁu1']"'uun 7 HUTFU
Twda Tao 1 wvdurlszneudiodaeamtiin 12 gn Sufusasinissunansih 112 o
voanuidga uninwessuy mgegaiinaldne 2"
mstauluTmemsiy fweansuesiviniled Fyond i
Tow3e T1 Wasuen 1@ o Aawda lumniugagaiie 124 niwesdyaneuifin lao
Fopnadidmiiv To wie T1 921 Duty Cycle iilaf1d
3.12.5 WosAdUWAlEMNYA
lulasnoulnsawes MCS-51 Usznoudionesadunauuy 2 feama
(Bidirectional) $1149U 4 #03A uAnsweialigunssiuanddeyouaziowiyalaseiisznon
pfmad ey aznduduyreziiies mefans 4 duTimnosfumdo po, P1,
P2 uaz P3) mwselFnuudaznefmdudunaniowmiinaldmudeinis usazinves
wosamusadourerudyyin TTL 181a0Ase
mIfrfefuntIsAIILINoUBANDSA PO uas P2 wlFdmsudmua

° ] ¥ o - o ) od & A
ATHUIVOIVUITAIIUVTAIGUON Tﬂﬂ'ﬂﬂ;ﬂ PO i]zﬂ1Q1u1uaﬂﬂmzﬂﬂquaﬂiwaﬂcﬂ ﬂﬂlﬂu
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vianesadumisunrwesadeya Tav Po szdludumisvosmizonuidnd (Low byte)

uaz P2 sufudwmisvesmiaoanusdige (High byte)

313 donnamie q veslulasneulnsaaes MCs-51

plo {1 SN’ o |} vee
P1.1 2 39 PO.0/ADO
P12 {3 as P0.1/AD1
P1.3 4 37 P0.2/AD2
P1.4 5 38 PO.3/AD3
P15 16 35 F PO.4/AD4
P16 {17 34 P0.5/ADS
P17 {8 33 P0.6/ADS
RST {9 32 P0.7/AD7
RXD/P3. 10 a1 EA
rxg;':s.s 1" 8051 30 ALE
INTO/P3.2 {12 20 PSEN
INT1/P3.3 13 28 P2.7/A15
" TO0/P3.4 14 27 P2.6/A14
T1/P3.5 15 26 P2.5/A13
WR/P3E {16 25 P2.4/A12
AD/P3.7 17 24 P2.3/A11
XTAL1 18 23 b P22A10
XTAL2 {19 22 P2.1/A%
vss 1 20 21 1 P2o0a8 -
31 3-2 oAt 9 ves MCS-51 (a3 8051
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XTAL2 e dyavesnoverodygaunndunedaveseskandoyoiu
WK
] A = L [
n15Ap1931uY03¥1 XTAL uaz XTAL2 ifoad1avesnaadyg o ldsy

TulasaeuInsames laoldnSaaeamusanit188sn i 3-3

QUARZT CRYSTAL mac
orn N P—

Ct
CERAMICRESONATOR Cc2
T e

11i 3-3 msdediyguunnIiivl XTAL taz XTAL2

<o o

windpants 1 dygiauifnininmouenezde XTALI asnsind uazdedyna

wiRneInmouenidivy XTAL2 Aagil 34

External
Clock
Signal

—

117 3-4 msddggrauimeinniouen
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+5Y

RST
8051

119 3-5 MsdAedguudive

a =t 1 . 4 = A o o q’q 3 )
gy asan lulasaouInsames sxgnlirmilledyganniiiauiuaein 1

0112 uusdulwin msdsvTisnsziludagi 3-5
’cj [y % < 4 1
( Address Latch Enable ) | HAYY 1IN0 YA ‘N'llliﬂiﬂﬂuiﬂ‘imaﬂiﬂZﬂ{
v & A L) [3 I.' o v o = ] a
pon lililuRadionandadwmisluddnegnnesa po luvzdadedy
wiloanudInwuen dygruifiszgndssenlildudasinadfife 1/6 iM1ves

‘; ar - A - o QF = o
anuddggrauriEn Jmunoih W adudyanauinviugplnsein

o

»
¥ o o oo

@ A a = ! W [ o
uenld dygrmdadiivegndnl 1 Redidielimsdadedumizsniuiidoya
»

- o L) A
n10U8N ( External Data Memory) uazdyaiaiive1fiilusunaimeniugu
Talsunsu PROM nwludaluTasaouInsames @

s a o L o 4o A '
(Program Store Enable) tihueranadmivdedgyaualasl(iada) odu
3 ' o A oo
ToyaINMUWA1NS I5unIuNIWUDN (External Program Memory) 1d0ari Y
v »
BIUTHAMAIINMIEANUI I upnzdidygInalasleanur 2 asalu 1

» » ¥
unrdulnfa uadygrualasdn 2 afzgadwhimadlusefidfigiane
i External Data Memory

ar £ o o 4
(External Access) iudganusunalddmiuniugul¥lylnsaouinsames

Py v o - ad [ [ o

wenAndeny WsunsunfueglumitsanudTlsunsumelu vieldsunsy
A d ¥ ' o ar v = -
fiueglumizvanudmouendalulazneuinsamed vinliniasin 1 vy
»
=t 1 - o o
HezdlumsidenldmizoanuilsunsumoludalulnsneuInsawes win
¥ YAy o ' o v o 3 v or ¥ o
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- - =~ Wt o (7= o w ] 4; o
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uaaalugy
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»
#v lunssivesntsTisunsu ROM nolululnsaeu InsamesazAouiid
'l 21 V Sudlu 875 1AH uswinidiu 8751BH Aesdefy 12.75 v
o o o . ] A
(Hunesadurnaerwna 2 11UV Open drain vii1a 8 §ia P0.1-P0.7 o 1Ty
A nsedeny Tod TIL aszqa Ls 18 8@ iiedesnis famsiiusy
¥ s e a 2 ¢ 3 A4 . q9 e a0 o s
wareadari1aein 1 oenlifinesadou e liassdziiudufiuaudys
o =« P ar o o o ' &
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4 o o .
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§ ) o - ] o o T L3 o
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™ ¢ N DATA BUS
R - Do-D7

\ ADDRESS
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y ADDRESS
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gunsalfinniduanddumis A0-a7 fieenmeinnesa po Ao 187 7415573

& < L4 o 1 o 4
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P0.5 ’ 3
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P2.0
P2.1
P2.2 A0
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o] - b v o a 4
iia dyanuiiviveswesa P2 sxilinummiTawes P2 fieglu SER wenvnil
woia P2 Sahmdnfisudwmnialudgelugtsvesnts Tsunsu EPROM uas
msasvaeu Tsunsulu ROM uag EPROM Bndau

o = o = e ar L] o o
Port 3 ilunesabunaierdna 2 mevia 8 i Ayaswegnioly Junsdioriya
1 or = L A o -y

auNsaRBAUBUYAYEY TTL AsQaLs 144 @1 iedesmsiuusunades

4 r 1 - < 1 A4 o o 4
Sydudmsdesiaein 1 eenhininesadowdeiinisyasnaioly e

o -y - ] A -
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AN 32 dyanaa1s | veanesa p3

Nnoin CLTLTLY nihf

P3.0 | RXD duNAvBINDBTROYNTY

P3.1 XD (D AYAVOINDS ABYNT Y

P32 m_To Faygnadumesindnnmouendaii o
P3.3 INT Fyanubunessnannatouendf 1
P34 TO a“uvgﬂmﬂmauanﬂmﬁngmm 0
P35 T SummmnmouenvesIRaIm 1
P36 WR fygnums@oudoyasenlinouen
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A o 4 [ ] a »
wiedeans1dammesa p3 iimhiidudy a9 swdeudududronsden

- R o ] - W o o Yy Py
asinoonliluondtinesa P3 nou Weltidamayasnmoly mmsdmuaWiisassn o

o dggnuiiviais q Tauihi o aasana

314 MsdaniuIenuIves MCS-51
MitaruIsaINT e luInsaouInsomes MCS-51 sxdautsniitonaus
poniily 3 ngy fie
3.1.4.1 Mrwnnui1dmiuTYsunsy (Program Memory)
miwanudrdmiuiuTusunsy saiufifugamdieeg uasdoyad
TlsunsulFaunmoludr lulasnouInsamesiues 8051 imbvanusiidulvsunsnld 4
Kbytes F91i10 natusnziludnvaizves ROM Tumis IFavamsonuTdsunsudrluga
TulasnouTnsames 14vh Wnlsendams 1¥mionwsimuouen msfagesuniaonnus
lsunsuveslulnsnouInsamesived 80st wunsoRadesumizsanuiihilsunsuiieg
me i lulnsnewInsmaeinie lsunsufifuegniouenild  Tavisnnudeoya
Vanua 64 Kbytes  misi@onidmisonausilusunsuveslulasnoulnsaians 8051
aunsoidenldanld 2 dnvuzde Wenldmizvn s inoludrluInsneu Insame i
8g 4 Kbytes 39 UH10AIW§10 104NN 60 Kbytes nioidon 1410 an1us 1muuen

NIMUA 64 Kbytes

nuganuhivs

ENSUMBUON . oy
Kbt o8
60 nuosao L
nAsuMeuon
64 Kbytes
nusacuihlus
ansumelu

4 Kbytes

1% 3-8 mmdenldmisonrmdTisunsuves sos1
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91317t 3-8 m3samizonnusa Tsunsy Tasnudumisveamiaonnud
Tsunsuifenun fio 64 Kbytes (Rumia 0000 &4 FFFFH) wihoanuiililsunsufiegly
A280511 4  Kbytes (A umiiv0000H &3 FFFFH) Tumisldamuaimsosmunalyl
luTasnoulnsaney ’l%nmumwﬂﬂﬂsuﬂiumu‘lumamuuﬂn'lmﬂumsmuqn
Fya it 11 EA (Extemal Access) mmiily EA i o Wunis Mmirearusililsunsy
muuen madenldmitennuéi lksunsues 1Rinmzmissn s Tudwmia 0000 -
FFFFH Sufludumisfidoudu szndemicennudinolufumissanusiniouen
winfu mnllsunsuegludumiviund oFFrH  #uhluTnsnouTnsamed sxvfinis

dndefiumizonnuiimovensaluid Tihdygradivi Ea sefiouiu o wie 1 Say

FFFFH

1000H
OFFFH

ndysnTurhlils
ensumely
E;- 1

0000H

v » T
119 3-9 msdakuimizonnus Tusunsyves sosi

3.1.42 whennusitoya (Data Memory)
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Tudwmiang 'Iumuummmﬂnmsmuq-ﬁ'ﬂua'lﬁ'aﬂymwm'lummuu Tududdail

51019 195 uannd 14



"uwmls RAM
2FH
2EH
2DH
2CH
2BH
2AH
28H
28H
27H_
26H
25H
24H
23H
22H
21H
20H
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314 3-15 AumisvesmiaonnusiAdrdwmiwuialg

- miuanuidioyanivuen (External Data Memory)

TuTnsnouInsaaesiues 8051 aunsoresuryIsAMLSIMIEUeNn 1 64
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Kbytes  uAunnmirsanuseyaiogludrlulnsnoninsames Fusiwzdeonion

o a A d’ o o o
anuimouemfin  dieisdesns wuiilumsifudeyn vaiz Tusunsuhansuaunn

Aumisveamiionnusieyanivuenseagii 0000k - FFFFH Tunts1dnusiannsens

s P 4 4 ' o ¥ - - ¢ v 415
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STATE4, STATES, BTATES, 8TATE, SYATE?
les trz leitee lrtipz e Jpz |l pilez |

STATEQ STATE4 STATES
pilerzler ez lpripz |

| A

Fo GPL OR Al
ouT ¥

J

FLOAT

PCL QUT IF PROGRAM
MEMORY IS EXTERANAL

-
T

' DATA BAMPLED
I

pz PCH OR P2 [

DPH OR P2 SFR OUT

| Pcrom P2

a) External Data Memory Read Cycle



38

STATE4 STATES, STATEG, STATE1, STATE2 , STATEQ STATE4. STATES
P1 lPﬂ'PI Ilem |P2|P1 lpzl P1lp2 |P1IP2 P1 IPzIm le|

o JULTUUUUULULUT UL

ALE )
WA PCL OUT {F PROGRAM
MEMORY IS EXTERNAL
Po i OPL OR RI DATA QUT PCL
our ouT
p2 PCHORP2 DPH OR P2 SFR OUT PGH OR P2

b} External Data Memory Write Cycle

Wi 3-16 Teezunsunameannsnmaziuiindeyasumizsanus Weyanouen

' ° « o ] o o
nuanuieyaniovaafs i 145 udu luInsneuInsaans

MCS-51 tiudmIngierld RAM unvema@n Wy (wes 6264 (¥R 8Kbyte x 8)

P25 D
D
6
P2.4 DE
p2.a 5
p2.2 D
P2.1 4
P2.0 DB
P0.7 D7 33
8051P0.6 D6 D B
PO.5 DS Qs 2
PO.4 D4 a4 D g
P0.3 D3 74373 3 1§
P0.2 D2 Q2 DN
PO.1 D1 Q1 0
PO.0 Do Qo :
ALE G oc
RD\
WA\

317 3-17 nmsdelulnsaenInsanesfiu RAM 6264




39

ningilii 317 dygna RD voslulnsnoulnsawesozdeiun OF
YOIRAM UDZ WR 93#DAU WE 183 RAM fygnudmusdumisveamitonnus s
havnwedn Po uaz wein P2 Aygnudeyazinnninnesa Po n1sdef RAM 9ei
dnyazadufiums#edy EPROM windeamsne RAM wnnia 1 &2 19108 7415138

AINBATHEAWMLIYEY RAM usazdutuifoafunisaesuy EPROM
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3143 ?ﬁmmimmz ( Special Function Register )
o o J P - []
TluTnsnouInsames MCs-51 f35mmeian q A mhfiewizorieds
1 ’ . . . L3 - -& B ° . 1 -] n'l 1
130N Special Function Register (SFR) agumummaqiumunuwawmﬂmmmmun
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80H 4uTil misfadeduiSmasfinariiomisodrefedumisfiogl8laons e (Direct
addressing) oz u1dITInsad A umisdoyauvuiialg
o o < 1 -1
PIIRNMTesIRmaesae q iiludail
- o’ L IR ) o o 1 o o A
ACC  uoamIyiamoiivIA 8 tnhmnh uBoifuuenfiayamesvesdfigou 9 fie
Midudnssidaumundamamsveuay 2 §1u Wy msuan ay quuis ludy
[ ¥ -] o  da e < 4 a : -w o
wezrhmhidududunadninldonnisfnounsndamand wenvni ACC  Gavh
¥ el Y, v & o oo - &
wihfilumsfudsdeyaszninlulasneuInsamesfugunsaduna wieedyaniouen
a 1 o & v & 3 ¥ o o9 '
HioHUAINTIBYanIoueARIe Fanmsdedeya szAsuihfoyafifdesnisdesenly
mowenuuiu13f uenfpames deuudaSadeimioglunenfiyanesdeeenly Tums
o [ o ar a { =y o v
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ud®nir Il 15auaeTa14
Ao o’ P
Register B vﬂusi)ﬂmnm‘l*]’fnummz'lummmsrgt:u (MUL) uazn1ivls (DIV)
1 n’l o 1 [ < -] a . - ' d
mniulageziawsiudy nendngawes  Tumsifunadnivesmsguuozimufildon
A1SMIS
a A o o ' & P4
SP (Stack Pointer)  flvua 8 fa imhAgdwomisaunn 1l lnsnouInsames Mcs-
vd 4 ' P . oA W o = ﬂ
51 19Wun veamiranusimoludluauan Tasdwmissudu wdannmssavzdu o7
o P Vo L 4 9 A _ o
MsHIYes SP ziviunseannsedudaluldd 1 Jelinwdudeyansluauannieni
» 3
Joyneonvinauan  msdudeysasluauaniziiuldaseas 8 in Taoléids PUSH
' a & el o " R s o '
Tavrwes SP vzt 1 ufunvdoyaasluauanfiduomisi sp ey Feesild@ummia
usnyssnsinudeyavesauanie 08 maideyavinauanitidvindids pop Taoezds

] Ld []
Yoyaosnanauanludumisii sp Fegeenlldmualifumissmudiiisudeya ud
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1B AuANIzanas 1 vasnnimanidoyasennn auantyuds uasileiimstiddanms

=y T'l_l v -] . = o o =4 o )

unldsunsuyes ACALL M3e LCALL M3omMsasuaueImiounessnaosiimsius
oy o A o o o o ]

VBITIMADS PC (Program Counter) 831U auan uaziilevndidamsnduainidsunsugon

- U o or =3
RET Y30 RET1 9:imsAwmnnauanndmua sy PC aw By Tunts ¥ musaanse
» [l

Mnuafiufivesauanlogludummisla q umizsanuseyamulud

Winsneulnsames14 Tasmsdmuamilifu sp aufideents udlings S udums

Q. A o L] =1 o sy ] [-3

Fudu 00 e nifudumiaBntuTsmaos Ro-R7 uuued 0 ezl

L d 4 - -] 4 i A L &
aumisgaiuly mizeshlildunvesauamlosiiers lidoanesuigam

X 2 .
nun auAn Tnssanusimely

09

08 «—— SP+1 sumiadudwmiudeyavosmuan

07 <—— SPHMNNGIIATHY

314 318 Auouanues 8051

DPTR (Data Pointer) WuS3maniviia 16 Talddmiuilugasaumiwosmianus
AuuenNys ofuMiveIgnseiduna AR lulnsaou Tnsames  Aesmsaadedau
uaslfifludammuadumisiudy (Base) 101510 UASHINUALIRY Look up table

F9am03 DPTR Usznoudwidiameivuia 8ia 2 @ Ao DPH uag DPL
Susaunsadonms Faludnuas 8 Ta 2 #2 wie 16 a 1 #2114
Po-P3 woin PO - wosn 3 iiluiTameiuun 8 fin eiifiegluiSmmesmariivsilud
BoafuAesdyemiividn q veamesa ﬁ'ufumﬁffai’fegaaan'lﬂﬁwﬂ{m:ﬁﬂﬁﬂums
fmuas liiuismaes po-P3 Tunsdiildwemilubunmsimuisaswdygasiefy
vwemeinld M mmvesiTmaes PO - P3 Uiy
SBUF  ihiiimansuue s fa simhiidluividesvesnisiudefeya nuueynsy
Taoifaiidesdnisudeyauazirivesdudedoya Timefdnsudoyaszimififiy

= e L L4 i ¥ 3 ] =
doya AdudhanldiululnsnouInsamesmaneineynsy iedeyadnsusmauin
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udh MifleglurivivlesiivegnluTasneuInsamessiseneniinils  dmiutliied
ddedoya  sefudoyavura 8 9 #ilulasnouInsamesdesntsdesenlinanesa
oynsu laodoyaluiivivesvs gndeenlfmesneynsuiayiade !

IP (Interrupt Priority Control) (1h39maesvuia 8 fin ﬁ1mi'1ﬁmw;unn§'aﬁ1ﬁ'umm
digvesntsdunes Tne

" IE (interrupt Enable) 1Husameivuta 8 iin ﬁmﬁﬁﬂmaumsﬁqﬁqm1m;ta:n1snau
SudwmessnaveslulnsneuInsamey

TMOD (Timer Mode Control) 1Huimasivuta 8 SalddmiunugumsidenTnuam
W191UUD9 Timer/Counter0 1aZ Timer/Counterl

TCON (Timer Control) H33mmeinnn 8 s I¥dmsuaIugunIsiemves Timer/
Counter0 1102 Timer/Counterl

T2coN hisfmmesvia 8 Hal¥nrugun15¥9Mves Timer/Counter2

SCON (Serial Control) 1thi3dmpasvuia 8 tadwmivnruguasdhauvenesaeynsy
PCON iihi3Smae svimihfinrugums19iideMvesda lulnsneu Tnsames

PSW (Program Status Word) 1u33mansuina 8 Savimihfinanaiumsofiiaiuyes
TlsunsumSeSundmvan '-"l!;\m3ﬁﬂ1ilﬂéﬂullﬂﬁQﬁﬁﬂﬂ1ﬂﬁﬂ’liﬁ'lsﬂucluﬁ‘lfﬁ"wi'li q fitina
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annsowanazndoiioiidanesenunld  uandis q vesiSmmes psw vzoylu
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AMNUOIT AR 9 F31]
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Cy AC FO RS1 RSO av - P

CY ( Carry Flag ) iiiuudandamavmiifinaedns sy Audmalunsdivesnisuan
Amiridiudadulunsdivesntsay iludasaudy ueafyiames lumsvyudia o
sraunsoldiwes cy hutoulvwennszian (Jump) 18 ns@ msvomay wimi1
By 8 iin 2 $nuwmndudidiuiuni 8 Savehld oy gnimal¥idu 1 wnd
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HAANT 100111010
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msudaiu ’
AC ( Auxiliary Carry Flag) Wuurlandmasaoszninian 3 waziad 4 Faraniies
prirmilu 1 maknswanedidinsmanniafl 3 Wedad 4 vinlidnsma uranite:
~ilu 0 uvan Ac sxlddmSumsihenludnyuzvesay BCD Fa9zgnidlaviiy daei
P3N

00101010
+ 01101000
HaANT 01010010

] + A - ﬂ. =3 :
paveImsuneiildmvesunan AC=1 isseniimsnanndas 3 1lSad 4
P > -
Fo (Flago) dhulaniilFein ldusiamsol$idhumananiis ( Status flag ) v09
TusunsuldTaomsSin wiosivaaromadmisranTiiag

» []
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& ca o
R7 Fuih3iames 1FawiaTy
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@13197 3-5 N131890 Register Bank

RS1 RS0 Huan A
0 0 0 00H-07TH
0 1 1 08H-OFH
1 0 2 10H-17H
1 i 3 18H-1FH

niawmnd@enissudanzihisianes Ro-R7 Wegludunnisvesmizennuirfeya
mulufiden TasiTmaei RO szogludmmisiufuuazifmany R7 wzegludumis
qATOYes LUSA 1FuSMUA RST = 1, RSO = 0 ifumsidenuwsd 2 s ldisames RORT

Nogludwmia 104, 111, 12H, 134, 14H, 15H, 16H, 17H awéd s

P o 1 == o' o
A1319N 3-6 m;muwaqwmﬁﬂsqumﬂma 9

3aned HUSA 0 N 1 HUaA 2 HUaA 3
RO 00H 08H 10H 18H
RI o1 09H 119 15H
R2 02H 10H 126 1AH
R3 03H 0AH 13H 1BH
R4 04H 0BH 140 ICH
RS 05H ocH 15H IDH
Ré 06H ODH 16H 1EH
R7 07TH 0EH 174 1Fh

H L] é -]
OV (Over Flag) Wuuraniiuaasilonedlvad Favzgniwaniemdosinmsia
o o P - a ™ PN A
voai i mundamans nsalasuutdasvesudanseivsanlusnyazveuasy 8 1Amn509

HWIW ( 8 bits sign number ) Tﬁuﬁﬂ%wﬂaqulum?ammu (0 = uIn 1=an) vay
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o A 3 o ¢=. o A ]
dafuludnsazveuay 2% compliment fvBIdeNuavTAUAI 8 TamSoanuIoesde
VINGIPA 127(01111111) uazamaudigene 128 (10000000)  lunisiiuay

2 Snnunswiuuda Mdeadwiuinnii + 127 wiedind —128 (WHUAUTIISOUDS

= é o o Qr T L
msldianseanuio ) vevirlduron ov goamily 1 AsIednveImsuInausy

00101010 MmN 42
+ 01010001 ML 104
HOANT 10010010 WY 146

1ANTWINEY 2 S miakvsan ludnuuzveaay 8 T 1n3eanuioias sy
wwwIn 42 wazd@mihuavuon 104 MRwadwi 146 Fudundr 127 liia
wIomuoninaiiy 1 éauami‘ui'lumuau'lumﬁ5nzﬁ11ﬁnsﬂan oV =

urlanTone TWafozifaiiiovinavay 2 S duuds 1dnaudind —128 nie
Wiy an 2 Swninsanfueda Wauthwaninnndt 127 mstiies 2 $1wrudimaunis
Wiy wazdndnaumiluiiumwnnsudues v da Tonesnas
P (Parity Flag) tluuWanfinanssnouiaiiy 1 Tuuenfigraimed Taouvlan P o
grwaiiy 1 doneadyawedSsnudafiiy 1 iIud (0dd) uazuwan P szgnindositly o
mmmﬂmmmnaimmmunmi‘lu 1 1ilug (even) ﬂmummuun‘luuaﬂmmamass:mn'u
m'lnn P sfidnudiafiii 1 mnnmﬁummuquﬂan P ozl lunsdifis Wosnisadhe

‘N']iﬂ ‘HQ!‘ﬁNUﬂﬂi’Jﬂﬁﬂlﬂu n'lS‘.i']J'CN"llBllﬂll‘IJ'U YNNG

3.2 wladengy( Phase Lock Loop:PLL )
321 nouifuguvessuudunsizinmg
Nature of Phase lock
PLL isznoudau ?;ufhm{ujm 3 3w
1. Phase Detector
2. Loop Filter

3. Voltage Control Oscillator { VCO) : Control by external voltage
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(PD) Phase Detector ﬁmﬁﬁuﬁumﬁuu Phase Y93 Input Signal 11 Phase Y83 VCO '-%Q
Output Y83 PD A0 YUY Phase Difference; AMS0UA19YDS Phase Loop Filter #1994
ANUISUUAN Voltage (difference voltage) 92QNN5091A0 Loop Filter 92gndaTilia Vo
elinugy veo dmiunlfouswes Frequency iefiozanmnnuniioud1awes Phase
(Phase Difference) |
iile Loop Qnaen A1 Control Voltage femdi Frequency %84 VCO IMAUANBY Average
Frequency Y03 Input Signal Lﬁaudﬁx Cycle %493 lnput vz TthvaLe 1 Cycle w04
Oscillator Qutput
F5147iu145n0t1amits veq Phase Lock A AFC (Antonatic Frequency Control)efivgsin
1¥#i1 Control Voltage ﬂﬂﬁqm‘s Lock 921 1¥ifAf1 nonzero output 1A PD ﬁ’wmqi’: Loop
484 Phase lock 95%1191u Tauiif1uea Phase error s1ngegeziiioudn design @
Favzetunlihotulaons QUNAM YDA Camier Signal AN Phase LAz
Frequency Signal 9&iidyyaa Noise umsnundvedraidos 114
Taumi#ives Phase Lock (receiver) 1uM3 Reproduce dgyana Tuadauued Receiver
9214 Local Oscillator Tavfi Frequency Y03 “Lo” NUFv01 Input Signal w211l suifouieiu
uazdy Tau PD Taufian error ve3 Output 9211aA4 1A Phase Difference U
#M5UM5 5231 Noise H’J"Ifhm?:lu error (Average error) 11 1tlads Frequency Y94 LO
f Original Signal ﬁﬁ1ﬁqg (good) W1 LO fezld Information lﬁﬂﬁlaﬂﬁﬂﬂﬁﬂ:i Trach uay
Information A11150%114010 M3MALVOIINTHL1IMM (Long Period) ANTUNITIRA Noise f
WLUIN
322 ﬁé‘u’nmsv‘inmﬁugmwmﬂuﬁaﬂgd
manemvearadenglluannzfenfonsfianudieniyaeinases
aaﬁf‘ﬁamma{smumnf]uﬂ’;m?;ﬁ'auusqﬁu'lﬂﬁ'lﬁfinﬁwﬁ'mamﬁt’;’nﬁw?aﬁuvgmmzé’m1
ﬂwsgﬂﬁuuuﬂawmmﬁﬁuwmm:smﬁumﬁUuﬁ'unmﬁzﬁfhnhﬁu
momandamadigenizden  dvsongl 3-19(m)  wamansnBoudfoure
5THTU MR VCO Fumavesdunadisdanondon veifuirfiventuves Vo 92
Railofanaedudiunm  Ac defoudy Voo udzsdesmsfiianiuianaindl

o o =y A J d‘ §
eonlUlasdmuald v, ussdudunnuos veo Taudle v, geunimtieniyaiioy
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2 - - ; s & d =
gevuin I gﬂ'ﬁ 3-19(%) AWBYBI VCO Bugelufinait=t  eseziimaivvoaura

EiU'N‘i?ﬂL‘i')ﬁ]uﬂlJﬁ'l t=t, ﬂTIl.INﬂWﬂ'Iﬁ‘UENIT‘ﬁ?SHﬂ'Ilﬂuﬂuﬂu'ﬂ~V ﬂﬁ'].llﬂ'lﬁﬁﬂ'l‘lwll‘iﬂ

Tﬂmﬂmmmmwmmn VCO Aumervoiduymdsdansendonsumlaniu

(v)

i 319 madhganzienvouradengy
(n) Mme1inAsIN VCO furavosduym

ol A [-3 o ~
W ﬂ'l‘i‘lJﬂJ!ﬂﬂﬂEN‘N'ililwElﬂ'l‘i)ﬁlﬂﬁﬂﬁ‘ﬂa']ﬂ

>

nnndnmshsdhbinmmsens & nesdadengliuuiind,
dszneudivdansuma  (PD) UAZITIBBATHAAOT UUURIVANAI DR I0us 39 i
(vco) Aeiuludnvazdloundudsii 3¢ Tas PD sxfudufoufioumaszuig Vo
fuv,  Tavvzlmussdumaiawanasenui iy veo suaiimsdSunasdiganns
-]
don

s Ishawdeafimsdiulgereesql 32000 iifesvn 1919WAve PD uis Vv,

5 13 qQr e o qn‘q d' a : di Vv o
ﬂi:nanmumummmaﬁumua:usaﬁumwuﬂ:mmqamuumaimmﬁuauwmm VCO
] ) =r= A b =; o c;al = [} e' +
URWIZEIUY0RT  the IManutieiyeresnnmiidesiinis ldrsesnsesnnud sl

] Qs Qr A a @ 1 i 3 3 ]

ITNINIT PD NI VCO Avgy 3-21(%) ivoddadufifinnuigeoenlyTas LpF #ldidh 1y

LY 4 2
ﬂ:ﬂmuanﬂmwuwaﬂuﬁuawmmnm
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V.
Ve O—>» PD VPD vCO v G— PO ]/ 4| LPF Voo V€O out
™ ¢in —
’_. ¢cml
(n) ' ()

31l 3-20 sfiilszneuveuradongil

(n) serlsznevditlsznoudas pD f veo

) eslszneuiivszneudau Pp, VCo ting LPF
fivsangi 32000 deulvasesmoldannzdonte b — &, SADIUIAINGT

o ] H o o v
uazivuiamnuas sane lindounnfunandounnudinsiutiluauns 165

d ]
_ﬁﬂ, - £¢_m =0 (3.1)
dt dt
A oA
HIONAO
a)om‘ = a)in (3'2)

Tavaydee @l adonguegluamizionmaveseninavin veo edfou

=) o ¥ oo ] i n’al Poor
nuaunmazassimranmamaiooudniudvsaesnzdouyifu

3.23 anvazdygruveauradengiluaniizden

u‘}a'stwlﬁ%aﬂqﬂagiuﬁmusﬁaﬂgﬂﬂé‘uﬁ'ﬂgtymiuuﬁiazﬂmfu uaraenazyl 3-21
(M Tas Vout /s Vin ezfimwdaravSemtafianaatonnnudnindezyiiu Tao PD
si‘luﬁaﬁ%aﬁaiﬁuﬁﬂmnfinﬂﬁﬁnwmmmﬁuuwﬁmmﬁww 19¢ LPF 925040 URMIZUTIFY

fifhidsfe v,, Jeul¥iu vco Taowasmuadnly V. Bon uidla (ripple)
Aoz 3-21(n) wisfmesielins e g, HazITAUNTPUATYDY V__
duwsemmidnnmsivsu lasldns muaasgumniaves PD uas veo Awaasluegsl
321 TroduradenglegluanizdenudiniwivesBunauazioniasziismingy Tao
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dumsnlioudeynluszduiatihidygrudtaea iy "lunﬁeha’fayamn

Computer 11} Printer %1 Taan 15101 §a 1 uaz 0 1nldndasna s (Voltage) udanszane

avluenody g ldidh pulse

Encoding Schemes

Nonreturn to Zero-level (NRZ-L)

Nonreturn to Zero Inverted (NRZI)

Bipolar - AMI

Pseudoternary

Manchester

Differential Machester

B8ZS

HDB3

NRZ-L

NRZI

Bipolar- \\H  —ecd | 1
| —

| S
Pseudoternary _Ll__]—L
by . I'_, . —

Muanchester I I l I |
Ditferentiad L . l ] . ' ' I _l_
Manchester -

Ficore 322 Divvtal Stonal boonconbine ST
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3.3.2Analog to Digital

‘luu1aﬂ§"m1ﬁ'ﬂauﬂaqﬁaﬁmm Analog 11 Digital 15w (#osnufigesdstuszoemialng
iswzAeunlaudvuiiv Digital 1Forou

Hiuﬁ’ﬁﬂﬂ’i“l analog - to - digital

Aumsmlasdygueuwden lidudyyudiasa Tavsusins Codec ( Coder -Decoder )

Analog/digital

[ oy / \:\ cncoding |_| I—I
» (codec) 4

dmlnaioz 1438 PeM Tumsinlasdayey 108 lavhinsgueanm lanamiteh iyl
Avriiesty Taoliuuaves Amplitudet¥i i (81 sampling Sunivzfuseiilounfomi
Quantizing Y 1¥dayanauilu digital Tnsruysaltessdosld Voltage 19111 lundas levels
V91 pulses

Pulse Amplitude Modulation (PAM)

THUINUBINTS PCM 92AD M1 PAM flau Asmuordoyafily analog w1103 Sampling

Amplitude Amplitude
A A
N
j %\"’\
T ] ¢ Time Time
\‘ '; [} ’
i i
: i
P/
?L:_,f'
a. Analog signal b. PAM signal
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Pulse Code Modulation (PCM)
PCM 32uf Ty pulses fiadraTao PAM Wity digital signat feuysel
PCM Il digital Toeuysolfl 4 Sunoufie

® PAM

o la Voltage (Quantization)

o nswmily Binary (Binary Eencoding)

® nldoy Binary 1 digitat ndrdaeenTy (Digital - to - digital Encoding)

Amplitude
A

+127 +
+100 +
75 + 4~
50+ Sy 3
25 + ¢ " : Time
054
050 4
075 4
~100 4+
174

v

24 00011000 -015 10001111 +125 01111101
+038 00100110 080 11010000 +110 01101110
048 00110000 050 0110010 +090 01011010
+039 00100111 4052 0110110 +088 01011000
+026 00011010 +127 D111 4077 €1001101

g T —

" Sienbit
His0 -is
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Q\//\ s @ Quantization
+127 }
N %!
BEOTHOOOGO TR0 1T ooe § Binary o0 I
encoding
' ~127
+638  +024
Digital/digital 60110010000011000
encoding 10 I,
Dircction of transfer
3.3.3 Digital to Analog
il 38 48

00011000 GGE60TE0 00110000

0 I1mm "

Direction of transfer
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Digital - to - Analog tHunsudlasdyaunnisnealliuouaen

[l = = 7 & LI o o
15y nisfdoudoyavinaeuiiumesifedeiuais Insdmy

Digital/analog

G1o11161 cnc()ding

3.3.4 ninmsdedygudeynddnonlaunsuegan

msders luilogiu idiiominens vegandyguiuudATaeauegasuu i unuumsnaio
msizdssuudiacalddnnumiueuindefegeniisruuuewaon uazfinssuniusuiiomwein
dygrusunu (Noise)  #1 Fatuszvuilegiud qunsaiaie q Tudddeen 18T wannd ity
pt1esaa3 MIAAuquasrangUnsddiag wazuennniudiszuuasaea veguadudiannIming
s (Encode) rewinisuegan udninisonania (Decode) waanisavogae virldimsda

doyatinnufanaiaiesaa “h:msuagm?unuﬁ'w‘naaﬁﬁ'mﬁu 3 uwulngjq e
1. msnfagunnavesiyanumuiygainsnon (Amplitude Shift Keying, ASK)
2. minldsumutnudya1wadnen (Frequency Shift Keying, FSK)

3. manfdsuramudyanadinea (Phase Shift Keying, PSK)

33.4.1 msnfapuvinamudyauddnea (Amplitude Shift Keying, ASK)
A o é’ ar = = [ =

wedunldnnnsvegmadyguuuuAiasanlfouvinanudyei 18 s
szavvendygruatneain/aoumlasl fiszAuafesalicomziiucein  “0» Faugru
winghildziheegluszdud uashdganadldiaonmiivostn <> dyapumwme
= ' o =g ¥ -1 ‘¥ moA 2
#ldvzegluszAufigs 20esildueqamiiuiesfidw 519190 uafeidofedtssnienindueg

-y =y 13 Qt A al 4 1 9
aszifianuAanaa 18 Suilieansndygrusuniufieefinasevinavesdyga uas
namasuisdesdinesvaranisaaneuvesiyg e lumoss Tuda uazaasinsdidoyany

tuszauna
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AAUTNVAYBI ASK
- A =
e Tuask Amplitude 1u Carrier Signal UNULA 1 61A2 0 Fuiluiinues Data
® 01U 1 vzQAuUEAIRIY Amplitude 2 Uy 1SMUuATYRI 0 UAE 1
- = . b
L ﬂatﬁﬂﬂﬂﬂgﬂ noise IWINITUNIUILBDE

o 141nn1e Optical fiber

Amplitude
A

Bitrate:5 Baudrate: 5
1 bit 1 bit | bit | bit 1 bit
¢ 1 I {] i : 0

3 A ', . i ; ]
.i ; y g ] ‘ - - R BN 1 .'I ;
I | I
|
}

Ibaud | Tbaud ' 1baud ' |1 baud | baud

¢ { second

=
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3.3.4.2 nmﬂ?;nuﬂ‘nn?;mm‘r’q;q,nmﬁﬁﬁan (Frequency Shift Keying, FSK)
Wedudygaionns veqALLLT] veitlunswasuanuiawdygruasaea

Sdyguaiaeadtn o wedy 1 dygraundummeAl&eSaudiisedu dasmsds
Seyneziidnsimsdeoyaiiqanioeain dndon dmfumsdadyanalueoing
HUUATAY (Bandwidth) Taitfiu 3.4 KHz ssannsodedasitaan 1My 1200 Tadesund
v Galidlszneuvesiseshidw uaziados nmaedyaasuniulda
AuanlAves FSK

® TuFSK Frequency Tu Carrier Signal unuiin 1 naz 0 395luS@ue9 Data

® 01 92gNuanIRI0 Frequency 2 uunlfimunues o uag 1

® !ﬁﬂuﬁ’ﬂﬂgﬁ’l noise Tu ASK

o Hnniigeldluing

o Snnudgannld LaNs umuTauea

Amplitude
A
Bit rate: 5 Baud rate: §
] bit | it 1 bit i bit | bit
0 ] { f) i
I ]
]

T

NAARAAAT
JUYUY

A i
AARSAAY
1 baud : 1 baud :

i
i
[

1 baud

I
I
H
[
I

i
I'baud | 1 baud |

— second-
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3.3.43 mmﬁumﬂamm’r’ugapmﬁﬁmn (Phase Shift keying, PSK)
zﬂﬂﬁuwmzﬁ'lﬁ’ﬁzﬁmssﬂf“;umﬂﬁmuﬁagtmmﬁﬁnaa wdidyguinudiderdy

udmavesdgane szAuiuadygnadsaeaidun o fu 1 Sinad ey 150 09F1)

nesvesmnvnazmadsdeyalinnugannnn simgs uammnsadidasideyaldgani

1200 daseduii ua Lideviiadiosnmasdggrusunauin

AaauiiAves PSK
® TuPSK phase Iu Carrier Signal mutia 1 une 0 Fusiuiiaves Data
® amplitude §3uas Frequency g4 gl phase lﬂﬁltm
o flszinnmgs
® 1% modems ‘19”'(1‘16‘1 9600bps

o 9 -
®  HFOULDZUTINILING

Bit Phase

0 0 ® P
1 130
Bits

Constellation diagram

Amplitude
S

Bit rate: S Baud rate: 5

1} bit 1 bit ! bit 1 Dbit 1 bit
G 1 i

i
N ve= TN
B
N
‘f.'.:::)_ 3
+:‘
|
[]

! baud ¢ 1 baud 1 baud 1 baud

&
B
g
o

1 second— - -




73

Dibit | Phase {;1
00 0
01 % 10 - (i}
10 180
11 270 L
Dibit I
(2 bits) Constellation diagram

Amplitude
A
Bit rate: 10 Baud rate: §
2 bits 2 bits 2 bits 2 bits 2 bits
Ot ' 10 | 10 i 00

YN ANINITYY.
VUUVIUYUTTUR

1 baud : 1 baud : 1 baud : 1 baud ' 1 baud

Time

1 second J




Tribit

Phase

000
001
010
011
100
101
HO
111

0
45
90
135
180
225
270
315

74

¢

. Suaak

901

liammi, .—

0
Constellation diagram

j—

Tribits
(3 bits)

mnﬁndnmmsﬁaﬁ'xymm;mu eenn sliiadusnmaedaanusunauldanduwy
nmuay Ao fudihdasmsdeoyanglussauiieoni fieam udns
muqugns el I hiduihuozAealddasims dedoyafiqunmin udkeamsany
mﬁusmmim“fmumgmﬁqqﬁ'nfmsﬁem"an“l%msﬁu’fm_muuu LY IGL AT

msuegmanvy teWemin #le1daamdeg 2 aond Fanmzaedn <10 19
A 125 KHz  Wuanuidingn (Mark Frequency) Uasfigoiuzandn <07 19w
115 KHz tiuamuanls (Space Frequency) oasIMsdsdoyannduynGonidaia
(Bite Rate ) laofimiduiluiiadedui@ (bps) uszdasimssudoyamedniusonia
6A3U0A (Baud Rate) Rariu nisdidgeuludaniauasdasiuondourifuae
dyaadioesn 0 Wiy wasfiaetni Wi uazs Nz Tdaums ms veqaau
FSK amuaumsiy
vy =

A.cos{o. £ A @)t (33.1)
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A = navssdgyiu FSK

W = 2nf.
A = ATUNTISAUUYEINTWENITA uaz AVl
1 = 3

Analog to Analog

Analog/analog
encoding

335 udpedimsmlosdana Analog
[) »
® AR (frequency) et i TlszAngamgeniudy
L [ -
nuseeniiu 3 etha fie
®  Amplitude Modulation (AM)
® Frequency Modulation (FM)
® Phase Modulation (PM)
3.3.5.1 Amplitude Modulation (AM)

Medulating signal (audio)
T/"‘ iy s - e

Y

Carrier frequency

F
/ \ R -, _r'\._
: LA B S SN ‘ P -
T — —— ( T
'\j \'. ’ N . ' LT \ .r'
' _— AM sigoal -
LT T T e - ~
\ f '1\" .v' '. e —— - ,! =~
I + Foy o
[l : o
v oL .
R B - s
Y N - 2
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fdrdeyalinisilFoudygefoyn Ampliudes 09 Carrier signal 9zi/8ouay

3.3.5.2 Frequency Modulation (FM)

Faviitlavude Frequency Y09 Carrier signal 921taouay Voltage VEL) Amplitude ‘IJ'EN‘ﬂEll‘la

Amplitude
T Modulating signal (audio)
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3.3.5.2 Phase Modulation (PM)

phase Y84 Carrier signal 9z11/a0un 1) amplitudes vosdgyanudoya

/) L ST A
AWAWARER ’/\/

\ J / \,\ _/ \\f ' ¥

Carrier frequency

PM signal
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uni
NMIBONIYLUASNINADDI

4.1.Mm3500NHVY
A1 BBV Nz id e Tanenseadaiames 23 Tadwadlamesdmiunin
madmamofiiefmuanIdiszinud W us ¥y sund I Toad o uenviniiaes
TatwsawesAosounsofiaiilidaminaty o 1 yaldondae
4. 1.1M3500011 VCO voanniy
Fm =~ 24.80 [25.20] MHZ
F =~ 26.00 [25.60] MHZ
A5 1TIABS A998 VCO VARICAP MV 2111

Coin ™ 47.00 pF /40 V ,rppoe) 2 59.86K Q

Cogs ® 65.50 pF /1.5 V ,rppony > 26.65K Q

Crymax <1123 pF

COLLECTOR LOAD
R =00Q C. ~pF

EMITTER LOAD
Ry, ~ 10K Q ,C,. ~ 20 pF

TRANSISTOR PARAMETERS ( TA7358 OSC port BF240 is Assumed )

Iep = 0.75 mA Vego = 077V
Vee = 0.6578 V r., = 1553K Q
By = 1356 A/ A ry. = 21.07M Q
r = 10 Q

., = 4.675K Q Cy. = 0.8308 pF
g, * 29.01 mS Cp, = 13.02 pF
1B x| = 12.67 474 F, =~ 333.3 MHz

L4
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N
o

i
k1)
I L
—
2
<

Freq. CTL Vi

vCo
Croras Fone = 5427 pF
Cys ~ 100. pF

C, ~ 1201 pF

AC, ~ 7.604 pF

Crma = 31.97 pF

Fmia
Cron ~ 39.58 pF

F max

o

Corora. = Cp+ Cpe
Coron, 213.02 pF
C, 20 pF

C, = 270 pF

Ca

Carorar = Cy+ Cpy
C, 22000 pF
C, 200 pF
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C, = 56.0 pF .

z.
(YWW -

L
4.88 mm,25 Turns

Ly 2 3162 nH  (wire Limit)
Lo 2 5266 nH (Ac  Limit)
L. <1068 nH (C,, Limt)

v

A

4.1.2.71390A1UUI995 LPF
'msnsmmmnmm‘nsma‘muﬂmmﬂﬁaaﬂgﬂafluNi}smmﬂvwm'lnﬁﬁms"’uﬁmmﬁqa
aefimsdedC, iuinéo

anudlovieedlus: F

out

=25.20 - 25.60 MHz

Ref Freq at PD: F,  :F, =100 KHz : F, ,, = 6400 Hz/R = 64
F.,=F, N,:N = NP+4

out
Prescale Factor P =1 A
Newes = 252+ 2n (n=0,1,2,3)
N, = 252 - 256

PD Type :3 STATES PFD
PDoutput = 475V

K, = 0378 V/Rad

Jocomn = 24.80 MHz at which 1.50 V
Jvcomn = 26.00 MHz at which 4.00 V

Ko = 200 o 480 KHz/V = 3.016m RO9/Sec
AVyco v

Pull out Range : Aw,, (1),(2): Aw@p, max is the dynamic limit of stable operation of the PLL
The PLL will UNLOCK if a frequency step is larger than Awp, max

EX — OR or Multiplier PD A®,,, maxis depend on @n and & of the PLL




ALL Types PFD Awp, max are as large as Af,,

A@omax atPD= 27:(

A 2PD < Apo 3 PD ( 27 | e

Let Aa)m = 15000 Rad/Sec

J o max
__"‘FREF

T min

Let Damping : § = 1.14

Natural Freg : @,

81

A @,,/(3.66(5 +0.5)) EX-OR
@r ™ A@p,!(5.78(6 +0.5)) JK FF PD
A@y,!(11.55(5+0.5))  All types PFD
optimization of Damping
Condition S
Minimize Noise BW 0.5
Minimize Pull in Time ¢.707
Maximize Sweep Rate 0.7-1.0
Maximize Pull out 0.81
Minimize flicker — jitter 1.14

221en =791.9 Rad/Sec, & =1.14
.

Loop BW : B, = (0,,(14‘252""\/(1"‘252)2"'1 )”2

J = 1.587 KHz = 9.973 KHZ Rad /Sec

=2.144 K Rad/Sec
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Damping: § B W,p Damping: & B W,.p
0.5 1.817 ¢ 0.81 2.198 ¢,
0.7 2.049 ¢p, 1.00 2482 ¢p),
0.707 2.058 @, 1.14 2,708 @,

Fast Lock Range : A , * If the frequency changes at PD is less than A .

The PLL will Lock within one beat- note

3@, EX — OR or multiplier
A@, at PD= 278 @, JK F/F
476 ¢y, All types PFD

AC():_ at PD = 11.34 K Rad/Sec

AG)L atPD ><.]V],_miﬂ
27

A F, atoutput = ~ 2.859 M R/s = 455 KHz

2z
Fast Locking time & — = 7.934 mSec
.

PASSIVE Loop LPF

R1
7
From To VCO
PD

c2 R2
1000 2K7

Mytar

ct

1/50
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T+, = —ZK_-__- =17.157 mSec
a)n T
2=£€. N =2.656 mSec
a., K

T.° (1'1+z'2) " T, =4.501 mSec

Wer C, =10 uF

R, =—g- =4501KQ W R =4K7 Q

-T2 _ ' -
R;="2 =265k Q W1 R, =2k7 Q

1
Do = = 135] Rad / Sec
" CR+R)

T,= 270 mSec

Rorr =R/ R, = 1715 Q
1

_ =0.1166 uF
Cz EPZR&JPZ]

Yen (C, =01 uF

]
p; = = =5.831 K Rad/Sec
CZRmPZ
LPF Gain
DC Gain=0 Db
Gain at ;= 20 Log [—*}22—}
R+ R,

~ -8.757dB
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Dp2

Re f

Gain at Drey = Gainm +20Log

~ -49.41 dB
4.2.4001INAD0Y
4.2.1 am9949 VCO Taomstlouusaduruanudumiu 20 K e lusansunduses

Mv2111 Ml dwamumseig.2.1 vz lBnsmanuduiusdsging gz

ussdu (Tad) AR (MHz) usssu (1an) AYIE (MHz)
1.5 24.731 2.8 25.647
1.6 24.817 2.9 25.699
1.7 24915 3.0 25.770
1.8 24.680 3.1 25.822
1.9 25.056 3.2 25.870
2.0 25.135 3.3 25.935
2.1 25212 3.4 25.973
2.2 25.267 3.5 26.021
2.3 25.340 36 26.068
2.4 25.409 3.7 26.121
2.5 25476 3.8 26.157
2.6 25.541 3.9 26.206
2.7 25.596 4.0 26.25

A1T104.2. A NUFIRUE TenINuTIRuA A NEveIVCO
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AU TSI RALTIA UURs AN et VGO

mrul VCOMHz}

1516171819 2 212223242528272820 3 3132332435363723839 4

uskuloas)

jUna g2 IuameauAuRuT s s s uLazANBYDY VCO

» »
4.2.2 msdstesdyanaludmveamaiuildleFiadongil MC145162
msszgnd IFamadadengud i ngjezldiutuaesduiiannutnie

- a P | . Y a 4
2vsqunudinndunaiuiuiiu N i Falulaseauil1$ledives Mc145162 Hawiso

9 o 4’

Tisunsunismsanud1dsatl

YoIde s +N F out{MHz)
1 252 25.2
2 254 25.4
3 - 256 25.6

r » 1
AINH422 uARIMIAMS N N 3 FeedggrufidadenadaunsoniildTaod

ANUOD9DT 100 kHz
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4.3 PITPDNIVVIINT VCO V9IMNT

VCC = 5v
150
- AN~ *
MOD VRC BIAS - 10K
1 ol
148 200
gsn
-— - )
~/ MPSH1KSP0
1 e
Y 47p
14186 -
Cvs =L A
T - ’ To Power Amp
100p ‘E‘ t 20p | . v W‘r’
10n = &8 7] 1
Mod in 0.7Vpp eams T o g _'_a?: 185
:lj ¥ wzml
- L
-—fvw—w
Freq CTL Voitage

i = 14.00 [ 14.50] MHz

Soax ®15.50 [ 14.90 ] MHz

MOD Deviation = 22.50 KHz
90 % of 25 KHz

Cp, max < 78.37 pF
VCO Varicap MV2109
Crin = 33.0pF/ 40V, 1y, )2 97.27KQ

C . ™ 58.14pF/0.75 V, T > 2446 KQ

MOD Varicap BB105

Crin = 5718 DF/ 4.0V, 7. 12 528.1K
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Conae ™ S8.14pF/ 075V, 1,1 > 397.0KQ

COLLECTOR LOAD

Ry =390.0Q,C,. ~00pF

EMITTER LOAD

Ry =2K,Q,C,; =20pF

TRANSISTOR MPSHI10/KSP10)
Igg ¥ 10mA Vg, =20V
Ver = 06723V r ~ 90.00 K2

ce

fo =61.62A/A 1, =~ 5546MQ
hy = 10.00 Q

ry, = 1593 €) Cy. = 0.8103 pF
g, = 38.68mS Cy, ~ 8293 pF
B, |~ 3161AA F, ~6763 MHz

L = 2200 nH

Molded Inductor Assume 7, =2 2

Qu rp
fon = 9676 2 1873 KQ
Jo ® 1071 2 2295 KQ

Crorar Jmax ® 47.92 pF
Cys =100.0pF C, ~ 10.48 pF
AC, =~ 11.95pF

Crmn ®24819F, C.._ = 3677 pF



MOD
CM(D) ~ 3.284 pF
Cus =7PF , AC,, = 02748 pF

0

B
prorar = Cy + Cy,
prorar. = 47.28 pF
g = 38.98 pF

O 0O 60 0

s = 47 .0pF

Cy

Carore =C4 + Cpp
C rora. 2 75.79 DF
C, 2 7379 pF

C,

= 82 OpF

4.3.1 PISOOALUUIID T VBT YR 10

88

MPSH 10/ KSP 10 Amplifier Characteristice

MPSH10/
KSP10.

— A

TOn_L_—r_

Ton

200




8%

Iopcy ® 40mA

Freg = 1470 MHz

Y Parameters

Y. = 0.8725 +j0.2867 mS
Y. = 34.80 — j14.93mS
Y5 & -14.18 - j25.82mS
Y. & 2005 +j1763 mS
LINVILL STB FCT = 0.2548

MAXIMUM GAIN
STERN STABILITY FACTOR :K = 72.25

75%CLASS A F,_ _~39dB
Vm(SAT) 2 mVpp

BH/M BWour
67.77 MHz 33.07 MHz

Zs =947.3 //+j2183 Q)
Z; =412.2/1+j4637 Q
Zn, = CON j{z5}, 2,, = CONj{z;}
A, ~8.512/-8.089+j2.651 V/V
FPs = 166.5W/W 2221 dB

MPS/PH/PN/2N 2369 Amplifier Characteristice

Frgp = 1470 MHz




50

50
’ $— AN —a— +12V
100n_L ,Lo“
47uH
1{‘.lv0nH
10n“ - B
al 4'2"2
g | Bk2 1.5uH
1N4148 2k4 m 10n 600V
e e —p—1—
20| oo l L
-+ o ==56p  gg= 220nH
30p
PEKEB36CA
Parameters

.~ 10.89 +j6.576 mS
~ 238.5 - j4520mS
e

Y
Y
Yo
Y, = -429.4 - j204.4uS
Yy, =~ 809.2 +j898.1uS
LINVILL STB FCT = 0.8930
MAXIMUM GAIN

STERN STABILITY FACTOR :K ~ §6.02
75% CLASSB P, _~ 2443 dB

Vin(SAT) 2 mVyp
BW}H BWour
4279 MHz 3498 MHz

Zg =27.81 /1+j40.47 Q
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Z; =374.4//+j445.4 Q

Z,=CON i{zs}, 2, = CONj{zZ!}
Ay, =32.53/-31.99-§5.887 V/V
FP; ~ 7859 W/W, 18.95 dB

43.2 msesnuuyes laiwiaHame dswiueninaaniadengy
Output Freq. Range : F,,,. : F,, . =14.50 — 14.90 MHz

Modulation Freq.: F,: F, ;= 50— 24,000 Hz( No Modulation ; F__,=0)
RefFreq. atPD: F . : F_ =50.0KHz: Fy_,, =4.00 MHz, =R =80
Four = F ;N : Npo= NP +A

Prescale Factor P=1 A=0

Nppor = 290 - 298

Ny =290-298 ; Nypyy = N := [Ny, @ Npoy =2940

PD Type : 3 states PFD
PD Output : AV, ., =475V

AVOu:PD/x
K, = AVOmﬁmz:

AV ouppian
K, =0378 V/Rad
fVCOmin = 1435 MHz at which 250 V

Scoma = 1497 MHz at which 4.50V

Ko = 2vco =~ 310KHz/V= 1.948 M Rad/ Sec
AVyeo 4

Pull out Range : Aw,, (1),(2) : Aw,, max is the dynamic limit of stable operation of the PLL .

The PLL will UNLOCK if a frequency step is larger than Aw,, max

EX-OR or Multiplier PD A, max is depend on @, and & of the PLL

All Types PFD  Aw,, max are as large as Afj .,

Aa)mx at PD = 2]!'( meaxorg\{Omu - fmin )

Tmm

= Jre ,J =1.379 KHz = 8.666 K Rad/Sec

Aw,, atPD < Ap_, at PD < 27 s
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From w,=116R/S, 8 =1.14
Let Aw,, ~ 219.7 Rad/Sec
Let Damping : § =~ 1.140
Natural Freq : w,

Aw,, /(2.46(5 +0.5))
0,= { Awp, /(5.78(5 +0.5))
Aw,, /{11.55(5 +0.5))

@, = Continue on page 2

Optimization of Damping

Condition S
- Minimize Noise BW 0.5
Minimize Pull in Time 0.707
Maximize Sweep Rate 0.7-1.0
Maximize Pull out 0.81
Minimize flicker -jitter 1.14

@,=11.60 Rad/Sec , § =1.140

12
Loop BW : BW, = co,,(1+ 257 + {1+ 257 +1J

=31.42 Rad/Sec
Only modulation is applion Damping: § BW, Damping: & BW,
BW,,, < Dy podemin
0.5 1.817 @, 0.81 2.198 @,
Orgoumin = 314.2 Rad/Sec 0.7 2.049 0y, 1.00 24820,
BW, ~0.t w,,,... 0.707 2058w, 1.14 2708 @,

Fast Lock Rang : A, : if the frequency changes at PD is less then A®, the PLL will lock

within one beat-note




mow,
Aw; at PD ={2xém,
dndw,

Aw, at PD = 166.2 Rad/sec

Aw,atPD x N,

min

AF; at output ~
2r

Fast Locking time = —
a)n
From BW =M@,
@, =BW/M
BW << fifodmin
Let BW=0.1 @,
=3142 R/S

PASSIVE Loop LPF

—.._N_._
R1 390k

93

~7.670 KHz

27 05417 Sec

FromPD gl App,

.—_H_.__

1N4148x2

33

2Lf

47/50

——

-

IK9

TO VCO
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Design Parameters
K, =~ 0378 VRad: K, =~ 1.948M

K=K, Kpp =736.3x10° Sec™
Frer = 50.00KHz = 3142 K Rad/Sec
Ny = 298 , N =290

T min

T = N Vrow  Nrmin = 294.0

@, = 11.60 Rad/Sec: § ~ 1.14

Dp@Dp, S+
F(S)z .
@, (S'*'a)m XS+wP2)
. LI 1
" T, +1, CI(R1+R’2)
I, +7,= _K 7 = 18.61 Sec
NTwn
1 1
Wy = —-=
7, R,
2
T, = —5=0.1966 Sec
a)n
@py= — R —RUR
P27 T o fgpy T Y 2
’ RopyCy

;= (1, +1,)- 1, =18.41 Sec
Let C, =47.0 uF

R = 17,/C =3916 KQ Let R =390 KQ
R, = 7,/C,=4182 KQ Let R, =39 KQ

= 0.05402 Rad/Scc

a).PI

) C](RI +Rz)

@y =

=5.456 Rad/Sec
R,C,

Rad ! Sec



0w, < w,, < 0.1wg,,

Let @, ~ 1000 Rad/Sec
Ry =R /IR, =39 KQ

C,= W@p, R, ) = 0.2564 uF

= 033 wF
1

=777.0 Rad/Sec

w, = Koy, =11.55Rad / Sec
Nf'mnx NTmnx

o=am,/20, =1.059

o, = Kop _ 11.71Rad / Sec
NTmin

f—'—A—

NTmin

o0=w0,/20, =1.073
LPF Gain
DC Gain=0dB

Gainat @, =~ 20 log[R RZR :l
1 1G

~ -40.09 dB

R B [
Gainat @y, , ® Gain,, +201log| —£2-
Re s a2 g o
Re f

~ -101.2 dB

95
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4.3.3 HAMINANDIINANNBYDY VCO mamﬂ?hﬁmqﬁ'u"1n5ﬁmmﬂma's"lﬂTaﬂfhehqq

ussanlad) YIS MHz )
1.0 13.6
1.1 13.66
1.2 13.76
13 13.85
1.4 13.94
1.5 14.02
1.6 14.05
1.7 14.09
1.8 14.11
1.9 14.15
2.0 14.20
2.1 14.22
2.2 14.25
23 14.26
24 14.30
2.5 1435
2.6 14.41
27 14.47
2.8 14.52

us3am (1aael) AN MHZ )
2.9 14.56
3.0 14.59
3.1 14.62
3.2 14.66
33 14.70
3.4 14.73
3.5 14.75
36 1477
3.7 14.78
38 14.81
3.9 14.85
40 14.89
4.1 14.93
42 14.94
43 14.96
44 14.97
4.5 14.97
46 15.03

= @ o o 1 [T ci
ATINNAI L WTAIRNUANAUT T HINUTIAUAUAIINDUDT VCO
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n'nuﬂ(H HZ})

15.5

\{l” T T
15 {? -J—»pl’f']’l' ; .
ceotoro bl

145 Lt i : 'M A
v |

14 ! 13 !ﬁviw o :E’ n
i ! I e
13—-.11'31' Hrbe ",*"'“*”‘“":'J

12.5 ifil _!1 I ‘ J 1\1|;5\]l

aruaavaI USSR ugsEussusodiuludisfiualuh VCO

1] 1 1 i i T 1 T ] T
G R T T P P T O N ,sa
usetiuTiad)

3Uns M 43,1 nemennuduiussniaussduduauives veo

m‘.i1~1ﬁ4.3.2 m3inm Isolation Transformer

ﬂ'ﬂil?ll -J_14.9 MHz 14.7MHz I 14.5MHz
; &

5901

NO LOAD 127 mV 128mV 130mV
LOAD 72.TmV 77.9mV 80.ImV
630U

NO LOAD 139mV 139mV 139mV
LOAD 80.4mV 80.5mV 80.6mV
7501

NO LOAD 117mV 119mV 121mV
LOAD 64.3mV 66.4mV 67.5mV
8 salu

NO LOAD 136mV 135mV 135mV
LOAD 74.2mV 74mV 74.7TmV
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Tek Run | ¥ [ Ii ] 1'Trig'd
RN 'g' iR ! PTTUUAL to0my
. . . Y . : : : T@®: 1,33V
.......................... T oo A 50.0MHZ
fa: 1.02MHz
- Chi RMS
1.72V
Ch1 Freq
14.60MH2
n: ............... RPN TR T S
N 9 Mar 2007
O+~ [0.000005 21:25:00
1UN4.4.1 uansdygveninasnnND 14.5MHz
Tek Run | -—{—ﬁ-» o iTrig'd
T BEAEABEEEERREREREEEN ARBERRE ¥ i TR
; ; ; : ) y : : ; :
¥ Ch1 Freq
e A
..................................................... 1 I PRopk
/\AMM\AM\{\!\/\MF
JVVVVVV VVVVVVV:CMRMS
ST TUDUE TS P TS DU T DU DU I |
(S 200rY & ] M[To0ns] Al ChT J 12.0mV,
) 9 Mar 2007
i+~ [0.000005 | 17:30:18

51114.4.2 naasdygavssnindainnud 14.5MHziloo9nINAIAYLILN 1



99

Tek Run | i { ﬁ } 1Trig'd
. = . x'ii" P r—————— T Ta: 520mV
. 1 . : : : 1@ 1.71V
s AL 50.0MH2
. . . . . i . R . . 1@ 1.02MHz
Ch1 RMS
1.72V
Chl Freq
14.80MH2
Wl S00mv_ | M{IGOns} [cm.r lg_zr_J
9 Mar 2007
ir~[0.00000s | 21:24:01
o o v 4 2
$UN4.4.3 uanedygnvesnndinnug 14.7MHz
TekRun | { g ] Trig'd
L AR A AR AN
: : ' . : 7] ' : : : 1
1 ChiFreq
R R E TR RIS SEy-r Yy

1 chi Pk-PK

313mv
Ch1 RMS
99.7mv
! PR FUETE PP PP ST FUTTE e i
@ 200mv v ] M[wonsj ALcm 7 UMVJ
9 Mar 2007
v~ [0.000005_] 17:33:02

E‘]JTM 4.4 Llﬁﬂﬂﬂmﬂl'lﬂl'llﬂﬂﬂ'lﬂﬁdﬂﬂﬁ'luﬂ 14. 7MHZL1.IOE)EJﬂ‘i]']ﬂﬂ'Iﬂ‘UU'IUVI 1




Tel

100

M{ 100ns;

IPRPP S NP |
ALchl £ 1.87V

¥++0.00000 s ]

A
ja@:
A
1@

770mv
1.26V

50.0MHz
1.02MHz

Ch1 RMS
1.72V

Ch1 Freq
14.85MHz

9 Mar 2007
21:29:29

51/i4.4.5 uomedygImveInIndsiinaueg 14.9MHz

ek Run [ ——1 Trig'd
Tl.(""!'!‘"i"""‘LE""t"!]”"" ’ '!g"

ST
W 200mv A ]

M 100ns. A] Ch1 4 12.0mv]

0-~[0.000005 |

Chl Freq
i4.82MH2

Chi PKk-Pk
320mv

Cht RMS
104my

9 Mar 2007
17:31:40

511#14.4.6 uermsdyanavesnindaiinand 14.5MHEzSof s VMR
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5.00V
2oomy

10.0kHz
204 Hz

Chil AMS
3.39V

Cht Freq
800.0 Hz

] Ml1.00ms Al Chil 5 2.50V

9 Mar 2007
3++[0.600005 | 21:31:59

1U14.4.7 namadyguvesdtnoaueagauiiuosisn 2400

AL 100my
. : @ 3520V
s S R T 7. § 25.0kHz
: : . . : ) : : : : 1@: S510Hz
R st chRMs
. . . . i 3.5% V¥
3 : : I : j

: : : : : : . . Cht Freq
I : : : I L : © 4 1.600kHz
i e

PR AN ST AT AT bk s Bopos
3.

©m _s5.00V _ | M{400us| Al ch1 S 2.50V

| 9 Mar 2007
@+~ {0.000005 21:32:30
U448 uaasdygnuvesdSasovoaguaduiivensa 4800

N T N T O WL T T S 0% OO0 ST S
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s : : TPESSEIERRTTTTT I AL s5.60 V
: . : : ; : J@ —400my
4 ... el A 25.0KHMZ
: 3 . : : : TE: 510 Hz
{ I Cch1RMS
L 387V

bl m o o . b W S Gy o M R e e - G ek by
; S : : } - : - : 1 ChiFreq
4 3.201kHz

ol

.........

9 Mar 2007
1+7[0,00000s 21:33:07

317 4.4.9uansdyaavoIRTaonueaTURVOAISA 9600

JAT 143V
b : : : : j@; 700mv
P i 50.00MH

: : : : i@ 1.02MHz

Cihl RMS
S75mv

TeK Run | : [ﬁ]
- . - - - Ei

Chi Freq
25.28MHz

| PSSP IS U EPEPIIP S IR S EPU JPR
Wi _soomv ] M[20.0ns] A| Chi 7 50.0mVv

o 9 Mar 2007
D+~ [0.00000s | 21:18:37
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Tek Run | i {ﬁ] - iTrig'd
- - . . ii . - .

T i i i i ! H HA 1.16 V
: 1 : : : : T@: S80mv
o o LA 50.0MH2Z
: : : : fa@: 1.02MHz

Ch1 RMS

575mvy

Ch1 Freg

25.43MHz2
9 Mar 2007

B~ [0.00000s 21:18:59

s1/fi4.4.11 uansdyanaveunadengiainiufin i 25.4MHz

Tek Run | 1 [ﬁ]—-w ‘Trig’d

T T T T T T T A B90mY
: : : “ : : : : j@: ~-330mVv
e L A B0.0MHZ
. : : : : Fam: 1.020MHz2

i Cht1 RMS

S71mVv

Ch1 Freq

25.54MHZ

€5l soomv | M[20.0ns] A| Chi £ 40.0mV,

9 Mar 2007

W+v|(0.000005 21:19:18

1h4.4.12 namsdyanuvsamadengilmaiunnnud 25.6MH:
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IAr 740mV
. : . : 1@; —160mv
e e A 50.0MH?
: : ) : ; 1 : ; ; ; 1@ 1.02MH?

Cht RMS
484 mv

Cht Freq
10.57MHz

PEEE S TS S T N S S Y bk

1.00 ¥V } M{qp__.q_nsj Aighl £ 40

L 0mV;
. 9 Mar 2007
W+~ [0.00000s | 21:20:30

3UN4.4.13 uarasdyarmyosnud loowh 10.7MHzRn N Tvesdynuniniy-10dBm

5 v Vel o o o a =
MI1N4.4. @R + N pnifidadengumnsuamsoildTasldanutidreds 100kHz

TnoldnnutnSansans aMHz

fhﬁ'iﬂsumu Rx counter 16 Bit Fin_Rx
252 0000000011111100 25.2MHz
254 0000000011111110 25.4MHz
256 0000000100000000 25.6MHz

i ' 1A =] | o - =
A31914.4.2 Lanen1 + N aamfidadengumadeaunsonid Tasldanuddedaso kiz

Tavld¥nnuanSaneanaMuz

n'ﬁ'ﬁﬂmn'm Tx counter 16 Bit Fin _Tx
290 0000000011111100 14.5MHz
294 0000000011111110 14 7MHz
298 0000000100000000 14.9MHz
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TOSHIBA TA7358AP

TOSHIBA BIPOLAR LINEAR INTEGRATED CIRCUIT SILICON MONOLITHIC

TA7358AP

FM FRONT-END

The TA7358AP is designed for a FM front-end
application, which is suitable to a portable radio or a
radio cassette.

Comparing with conventional types, supply voltage
dependence, overload characteristics and spurious
radiation characteristics are improved.

FEATURES

¢ Wide supply voltage range : V¢oc=1.6~6.0V )

o Excell ply voltage dependence of local oscill o2 2255
» Excellent supply voltage dependence of local oscillator Weight : 0.92g (Typ)

Oscillation stop
Vcc =09V (Typ.}

® |mproved inter-modulation characteristics by double balanced type mixer circuit.
® Low spurious radiation.

® Built-in clampping diode for the local oscillator output.

BLOCK DIAGRAM

O Yoo

y. £

RF-QUT : : "74 MIX-AN
m T BUFFER AMP

E Tor ame

MIX-OUT e

T¢

(®
D— re ame | MixX Lo o osc
RFAN osc
1 { sws |—T wee. | MON!

961001 ERAD

@ TOSHIBA & continually wuorking to improve the quality and the reliability of its products. Nevertheless, semiconductor devices in general can
maltunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress. it is the responsibility of the buyer, when  utilizing
TOSHIBA products, 10 observe standards of safety, and to avoid situations in which & malfunction or failure of a TOSHIBA product could cause boss
of human life, bodily injury or damage to property. In developing your designs, plesse ensure that TOSHIBA products are used within specified
operating ranges as set forth in the most recent products specifications. Also, please keep in mind the precautions and conditions set forth in the
TOSHIBA Semiconductor Reliability Handbook.

® The products described in this document are subject to foreign exchange and foreign trade control laws,

@ The information contained herein is presented only as » guide for the nprliutions of our products. No responsibility is assumed by TOSHIBA
CORPORATION for any infringements of intellectual property or other rights of the thirdgartia which may resutt from its use. No license is granted
bLirnplication or otherwise under any intellectual property or other rights of TOSHIBA CORPORATION or others.

@ The information montained herein & subject to change w'znou‘t natice.
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TOSHIBA

TA7358AP

EXPLANATION OF TERMINALS (Terminal

voltage is DC voltage at Ta=25°C, V¢ =5V, and no signal)

i FM-RF IN (ﬁ 08
A l BIAS
2 BY PASS @—-c ¥ 1.5
3 FM-RF QUT ano (5 ; 5.0
@ (9? Vee
4 MIX IN 15
&
ano (5 1 1
5 GND — 0
6 MIX OUT . pin@ 5.0
7 0SC MONITOR « 3 ; 1 - 43
’ I
@
8 0S¢ O 5.0
: 6o (B)——d_—
9 Ve — 5.0
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TOSHIBA TA7358AP
MAXIMUM RATINGS (Ta = 25°C)
CHARACTERISTIC SYMBOL RATING UNIT
Supply Voltage Vee 8 \'4
Power Dissipation Pp (Note) 500 mw
Operating Temperature Topr - 25~7% °C
Storage Temperature Tstg -55~150 °C
{Note) Derated above 25°C in the proportion of 4mW/°C.-
ELECTRICAL CHARACTERISTICS (Ve =3V, f=83MHz, fy = 1kHz, Af= £22 5kHz, Ta=25°C)
TEST
CHARACTERISTIC SYMBOL | CIR- TEST CONDITION MIN. | TYP. | MAX. { UNIT
CUIT
Supply Current Ice 2 Vin=0 —_ 5.2 80 | mA
- e d8uV
-3d8 lemng Sensitlvny Vin(lim) | 2 —_ — 3.0 7.0 EI\;I‘F
. o : ' dBuVv
Qutes_cent Sensitivity Qs 2 — —_— 1.0 — EME
Conversion Gain _G¢ — — — 31 — dB
Local OSC Voltage Vosc 1 fosc = 60MHz 90 165 | 220 |[mVims
Pin ® Paraliel Input _
Iimpedance | Resistance fipt 3. - 71— Q
Parallel Qutput _
Pin® Resistance fop3 3 - B kQ
impedance | Parallel Output
= — . — F
Capacitance Cop3 f=83MHz 2.9 P
Parallel Input .
Pin @ Resistance Fip4 3 - 271 — kQ
impedance { Parallel Input
. . . — F
Capacitance Gipd 33 P
Parallel Qutput
Pin® Resistance fopb N P — |00 — | X
Impedance | Parallel Output =10.7MHz _ 48 _ pF
Capacitance Copt :
Local O5SC Stop Voltage Vstop 1 —_ — 09 1.3 v
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TOSHIBA TA7358AP

TEST CIRCUIT 1

TAT735BAP

© Vosc

;I—OGND
fosc © T2

Cvee

2000
0.07 uF

TEST CIRCUIT 2

TA7358AP

8PF
BPW D5 U 2 )3 (5 )5 )6
.
»[ % :
L
IN S_'l »—-]
FM G
25=7501 T
‘A
iz
SR ,
T4 ‘I
1’ rd
Ld 4
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TOSHIBA ' TA7358AP

TEST CIRCUIT 3

Input cutput impedance

(1) rip1. <ip1 ) {2)rop3. cop3

O Yoo
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TOSHIBA

TA7358AP

TEST CIRCUIT COIL DATA (Japan band for 76.0MHz to 108.0MHz)

COIL fo Qo TURNS CAPACITANCE
1
0.5mm¢ 2—7T
T FERRITE
RF ool | 100MHz | 100 |center Tap * (Exlsp:ai) % 3 core
(Japan Band) er
0.5mmg 2 ! T fe
L.amm - RRITE CORE
T2 | 100MHz | 100 2 15pF } 3
0SC Coil (Japan Band) (Externai)
@-@ 121 vee D
@ 1T ®
T3 Wire 0.12mm¢ UEW
7 coil | TO-/MHZ | VIS MDA ELECTRIC 75pF
co., LTD. Pin@® G
5764 or equivalent (BOTTOM VIEW)
@-® 147 ® (@)
Wire 0.12mm¢ UEW ®
T4 | 407MHz 150 |SUMIDA ELECTRIC aTpE
Quad Coil Co., LTD. ] . @ O
) 44M-933A or :
equivalent (BOTTOM VIEW)
Band Pass Filter (BPF)
SOSHIN ELECTRIC Co., LTD. BPWB5
Tuning Cpacitor
ALPS ELECTRIC Co., LTD. CB41EL933

1997-07-07 6/8




TOSHIBA

TA7358AP

AMBIENT TEMPERATURE Ta (O

Icc - Vee
Ta=25C
§ Vin=0
'y -
E TEST CIRCUTT 1 -
="
£ V4
z /
= ]
]
. .
g2 4
=
£7.)
2 4 [ 8
SUPPLY YOLTAGE Ve (V)
o Vin (lim). Q5. Af - Ta
X
gy Vec=5Y
33 f=83MHz
oo fm = 1kHx
—- Afm 22 SkHrx
: =E_____ ~ {oNLY 19 100
£ [
s& TEST QIRCUIT 1 L | af
E g 10
Er 20 L
g€ N
wkE -100
o :z“v N - TEST CIRCUIT 2 Qs ~
T -1
=1 Vin {lim)
L o |
33 -2 o 20 a0 © &

g

Vosc MYy

LOCAL OSC YOLTAGE AT 7 TERAMINAL

Vosc - Ta
Voe=5v
fosc=T23MHz
{ONLY 1)
TEST CIRCUIT 1
Vose
1ooP
“a0 0 a9 80

AMBIENT TEMPERATURE Ta {C}

120

LOCAL FREQUENCY DRIFT  Af (kHz)

=3dB LIMITING SENSITIVITY Vi (lim) (4B EMP)

LOCAL FREQUIENCY DRIFT Al (kHz)

{dmuV EMA

QUIESCENT SENSITIVITY

Qs

108

A

'
-

1
~n

Vin(lim). Q5 - Vcc

Ta=25C
fu=B83MH2

fm = 1kHz

Afa 22 SkHz
TEST CIRCUIT 2

\

Qs

|

Vin (lim}

[1] 2 4 6 ]
SUPPLY VOLTAGE Voo (V)
af, Vosc - Ve
d
—poo £
1 Af - Z
oL \ —— z
| ] -
1 _ E
200 <32
wi
Vosc U 9
/ >
100 &
Ta=25C 3
Vin=0 g
TEST CIRCUIT § -
0 2 a 6 8

SUPPLY VOLTAGE Vce (V)
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TOSHIBA TA7358AP

OUTLINE DRAWING

SIP9-P-2.54A Unit : mm
3.240.2
e ]' 1
[ 3
g 2
s
<«
L) |
ce « .
) . 02540.
0.98TYP | 10.1 ::Q *3ds
1.240.1 .
\ 22.78MAX

22.2810.2

Weight : 0.92g (Typ.)
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA i dopsyosis

MC145162

60 MHz and 85 MHz Universal MC145162-1
Programmable Dual PLL
Frequency Synthesizers

P SUFFIX
CMOS PLASTIC DIP
) , " CASE 648
The MC145162 is a dual phase—ocked loop (PLL) frequency synthesizer
especially designed for CT-1 cordless phone applications worldwide. This 1
frequency synthesizer is aiso for any product with a frequency operation at
60 MHz or below. D SUFFIX
The MC145162-~1 is a high frequency derivative of the MC145162, for mﬁ SOG PACKAGE
products with operating frequencies of 85 MHz or below. CASE 751B

The device features fully programmable receive, transmit, reference, and !

auxiliary reference counters accessed through an MCU serial interface. This
feature allows this device to operate in any CT—1 cordless phone application. ORDERING INFORMATION
The device consists of two independent phase detectors for transmit and
receive loops. A common reference oscillator, driving two independent
reference frequency counters, provides independent reference frequencies for

MC145162f  Plastic DIP
MC1451620  SOG Package

transmit and receive loops. The auxiliary reference counter allows the user to MC145162P1  Plastic DIP
select an additional reference frequency for receive and transmit loops if MC145162D1 SOG Package
required.

« Operating Voltage Range: 2.5t0 5.5V
= Operating Temperature Range: — 40 to + 75°C

+ Operating Power Consumption: 3.0 mA @ 2.5V PIN ASSIGNMENT
.« "Maximum Operating Frequency: oKl 1e 16 110
MC145162 — 60MHz @ 200 mV p—p,Vpp =25V ! 1
MC145162—1 — 85 MHz @ 250 mV p-p, VDD = 2.5 V ADin [} 2 5 P 7 0ou
= Three or Four Pins Used for Serial MCU Interface Din [ 3 4 [T
= Buili~In MCU Clock Output with Frequency of Reference Oscillator = 3/ 4 ENB[ 4 13 ] TxPSfiyy
» Power Saving Mode Controlled by MCU MCUcLK [ 5 12 Voo
+ Lock Detect Signal
11 |1 RdPSIF,
+ On-Chip Reference Osciliator Supports External Crystals to 16,0 MHz Vss ) © i R
» Reference Frequency Counter Division Range: 16 to 4095 05Gn [} 7 10 1 RePDouy
¢ Auxiliary Reference Frequency Counter Division Range: 16 to 16,383 05Con [ 8 8 [ 5R

« Transmit Counter Division Range: 16 to 65,535
» Receive Counter Division Range: 16 to 65,535

REY 3.1
2/98

@ MOTOROLA

© Motorola, Inc, 1998




BLOCK DIAGRAM

12-BIT PROGRAMMABLE
REFERENCE COUNTER

1

+—1-

14-BIT PROGRAMMABLE
AUXILIARY REFERENCE

—/

¥4 28T SHIFT | | 14T SHIFT

- REGISTER REGISTER

MCU INTERFACE PROGRAMMING
MODE CONTROL

CONTROL REGISTER

14
wr 20

9 th»—J
R —

16-BIT SHIFT REGISTER

|

16-BIT Tx PROGRAMMABLE

COUNTER

16-BIT SHIFT REGISTER

L 4

16-BIT Rx PROGRAMMABLE
COUNTER

TRANSMIT
SELECT T s
o PHASE | TxPDgy
“~~o| DETECTOR
-
16
RECEIVE
SELECT Rx 10
PHASE i RXPDom
—K()_ DETECTOR
O
Vpp=PIN12
Vg5 =PING

MC145162«MC145162-1
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MAXIMUM RATINGS* (Voltages Referenced to Vgg)

Symbeol Rating Value Unit
Voo DC Supply Voltage -05t0+6.0 A
Vin input Voltage, Al nputs -05toVpp +0.5

lins loyt | DC Current Drain Per Pin 10 mA

IpD. Iss | DC Current Drain Vpp of Vgs Pins 3¢ mA
Tstg Storage Temperature Range ~65to+ 150 “C

* Maximum Ratings are those values beyond which damage to the device may occur.

Functional operation should be restricted to the imits in the Electrical Chearacteristics
tables or Pin Descriptions section.

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss, Ta = 25°C)

This device contains protection circuitry to
puard against damage due to high static volt-
ages of electric fields, However, precautions
must be taken to avoid application of any voltage
higher than maximum rated voltages to this
high—impedance circuit. For proper operation,
Vin and Vgt should be constrained to the range
V5§ < (Vin of Vout) <VDpD-

Unused pins must always be tied to an
appropriate logic voltage level (e.g., either Vgg
or Vpp)- Unused outputs must be left open.

Guaranteed Limit
Symbol Characteristic Vpp Min Max Unit
VDD Power Supply Voltage Range — 25 5.5 v
VoL Output Voltage 0 Level 25 — 0.1 v
(lout=0) 55 — 0.1
VYoH (Vin=Vppor0) t Level 25 245 —_
55 545 —
Vi Input Voltage 0 Level 25 - 0.75 v
Mout=0.5VorVpp—-05V) 5.5 — 1.65
VIH 1 Level 25 1.75 -
55 385 —
1OH Output Current  (Vgyg=2.2V) Squrce 25 -0.18 —_ mA
(Vout=5.0V) 55 - 0.55 —
loL (Mot =0.3V) Sink 25 0.18 —
Mout=0.5V) - 5.5 0.55 —_
L Input Current OSCip, fin-T. fn—R 25 — - 30 RA
(Vin=0} 5.5 —_ - 66
ADjj, CLK, Djy, ENB 2.5 -— -1.0
55 - -1.0
i {Vin = VDD~ 0.5) OSCip, fiT, fin—R 25 — 30
55 — 66
ADjn. CLK, Djn, ENB 25 — 5.0
5.5 — 5.0
loz Three—State Leakage Curtent (Vg1 =0V or 5.5 V) 5.5 - + 100 nA
Cin Input Capacitance — e 8.0 pF
Cout Cutput Capacitance —_ — 8.0 pF
'DD{stdby) | Standby Current 25 — 0.3 mA
{All Counters are in Power-Down Mode with Qsciliator On) 55 - 15
ipD Operating Current mA
MC145162: 200 mV p—p input at ;T and fi—R = 60 MHz 25 — 30
MC145162—14: 250 mV p—p input at fip~T and f;—R = 85 MHz 5.5 — 10
with OSC = 10.24 MHz
MOTOROLA MC145162eMC 1451621
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SWITCHING CHARACTERISTICS (Tp = 25°C, G = 50 pF)

Figure Guaranteed Limi
Symbot Characteristic No. Voo Min Max Unt
La g NY] Output Rise Time 1 2.5 — 200 ns
5.5 - 100
tTHL Output Fall Time 1 25 — 200 ns
55 — 100
1, tf Input Rise and Fall Time OSCin 2 25 — 5.0 us
55 - 4.0
b [nput Pulse Width CLK and ENB 3 2.5 80 —_ ns
55 60 —
fmax Input Frequency 0SCiy 25-55 — 16 MHz
input = Sine Wave @ 2 200 mV p-p fin R, fin-T 25-55 - 60
for MC145162
Input = Sine Wave @ = 250 mV p-p R, =T 25-55 — 85
for MC145162-1
tst Minimum Start—Up Time 10 ms
sy Setup Time DATA 1o CLK 5 25 100 — ns
ENB to CLK 55 200 —
th Hold Time CLK to DATA 5 3.0 80 -— ns
5.0 40 —
trec Recovery Time ENB to CLK 5 30 80 — ns
5.0 40 —
tsut Setup Time ENB e CLK 4 25-55 a0 — ns
thi Hold Time CLK to ENB 4 25-55 600 — ns
f Phase Detector Frequency de 125 kHz
fMcucik | Output Clock Frequency MCUCLK dc 533 MHz
(OSCip, + 3)
MOTOROLA
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SWITCHING WAVEFORMS

mH T
ANY 0% 0%
ouTPUT 10% ErT &R 10%

L

Figure 1. Figure 2.
by
ENB, CLK 50%
= Vbb
ADyp, 50%
Din . v
Figure 3. S5
by
= Voo
CLK 50% 7 LAST FERST
- Voo CLK
CLK LAST
ClK Vsg toy = — Voo
thi , ENB
— Voo vss
ENB PREVIOUS
DATA
Vss LATCHED

Figure 4. ENB High During Serial Transfer

Figure 5. ENB Low During Serial Transfer

MOTOROLA
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PIN DESCRIPTIONS
INPUT PINS

Reference Oscillator Input/Output (Pins 7, 8)

These pins form a reference oscillator when connected to
an external parallel-resonant crystal. Figure 6 shows the
relationship of different crystal frequencies and reference
frequencies for cordless phone applications in various coun-
tries. OSCin may also serve as input for an extemally gen-
erated reference signal which is typically ac coupled.

MCUCLK
System Clock (Pin 5)

. This cutput pin provides a signal of the crystal frequency
(OSCout) divided by 3 or 4 that is controlled by a bit in the
control register.

This signal can be a clock source far the MCU or other sys-
tem clocks.

ADjn, Djp, CLK, ENB
Auxiliary Data In, Data In, Clack, Enable (Pins 2, 3, 1, 4}

These four pins provide an MCU serial interface for pro-
gramming the reference counter, the transmi—channel count-
er, and the receive—channe! counter, They also provide
various controls of the PLL including the power saving mode
and the programming format.

TxPSHTx, RxPSHRx
Transmit Power Save, Receive Power Save (Pins 13, 11)

~ For a normal application, these output pins provide the

status of the internal power saving mode operation. If the
transmit—channels counter circuitry is in power down mode,
TxPS/fTy outputs a high state. If the receive—channels
counter circuitry is in power down mode, RxPS/fry is set high.
These outputs can be applied for controlling the extemal pow-
er switch for the transmitter and the receiver to save MCU
control pins.

in the Tx/Rx channel counter test mode, the TxPSHTy and
RxPSffRx pins output the divided value of the transmit
channel counter (fTx) and the receive channel counter (fRry),
respectively. This test mode operation is controfied by the

control register. Details of the counter test mode are in the Tx/
Rx Channel Counter Test section of this data sheet.

fin-THir R
Transmit/Recelve Counter Inputs (Pins 14, 9)

fin—T and fip—R are inputs to the transmit and the receive
countars, respectively. These signals are typlcally driven from
the loop VCO and ac coupled. The minimum input signa! level
Is 200 mV p—p @ 60.0 MHz.

OUTPUT PINS

TXPDou[lepoout
Transmit/Receive Phase Detector Outputs (Pins 15, 10)

These are three—state outputs of the transmit and receive
phase detectors for use as loop error signals (see Figure 7 for
phase detector output waveforms). Phase detector gain is
Vpp/4 n volts per radian.

Frequency fy > R or fy leading: output = negative pulse.

Frequency fy < 1R or fy lagging: output = positive pulse,

Frequency fy = fr and phase coincidence: output = high—

impedance state.

NOTE: R is the divided—down reference frequency at the

phase detector input and fy is the divided—down VCO
frequency at the phase detector input,

LD
Lock Detect (Pin 16)

The lock detect signal is associated with the transmit loop.
The output at a high level indicates an out—-of-lock condition
(see Figure 7 far the LD output waveform).

POWER SUPPLY

Vbp
Posltive Power Sugply (Pin 12)

VpD is the most positive power supply potential ranging
from 2.5 to 5.5 V with respect to Vgs.

vVss
Negative Power Supply (Pin 6)

Vgs is the most negative supply potential and is usually
connected to ground.

A
O
" _ o= R
oSG, +N[12BITS) — a4 3
c
- 25 —.—0
= 5 \O____ Ro
05Cout ’ S ~ M(14 BITS) O
Crystal -+ N Value fR1-oB fR2C
11.150 MHz 446 6.25 kHz 1.0 kHz
11,150 MHz 223 12.5 kHz
10.240 MHz 512 5.0 kHz
12.000 MHz 600 5.0 kHz

Figure 6. Reference Frequencies for Cordiess Phone Applications of Various Countries

MC145162-MC145162-1
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fR, REFERENCE l_ l I — W
{OSCin, < REFERENCE COUNTER) _ W
v, FEEDBACK I : ' ' — vy
{fer-T = T* COUNTER OR ‘ : ;
fir-R = Rx COUNTER) ; r ! VL
C o : ' *
TPDout _J_L—j_l—l.—l . —_y
o .
RePDoy : : - HIGH IMPEDANCE

VH = High voltage level.
VL = Low voltage level.

*At this paint, when both fig and fy are in phase, the output is forced to near mid supply.

NOTE: The TxPDgt and RxPDg, 4 generate emmor puises during out—of—ock conditions. When locked in phase and fre-
quency, the output is high impedance and the voltage at that pin is determined by the low-pass filter capacitor.

Figure T. Phase Detector/Lock Detector Output Waveforms

MCU PROGRAMMING SCHEME

The MCLU programming scheme is defined in two formats
controlied by the ENB input. If the enable signal is high during
the serial data transfer, control register/reference frequency
programming is selected. If the ENB is low, programming of
the transmit and receive counters is selected. During pro-
gramming of the transmit and receive counters, both ADjy
and Dj, pins can input the data to the transmit and receive
counters, Both counters’ data is clocked into the PLL intemmal
shift register at the leading edge of the CLK signal. it is not
necessary {o reprogram the reference frequency counter/
control register when using the enable signal to program the
transmit/receive channels.

In programming the control register/reference frequency
scheme, the most significant bit (MSB) of the programming
word identifies whether the input data is the control word or
the reference frequency data word. If the MSB is 1, the input
data is the control word (Figure 8). Alsc see Figure 8 and
Table 1 for control register and bit function. Ifthe MSB is 0, the
input dala is the reference frequency (Figure 9).

The reference frequency data word is a 32-bit word con-
taining the 12-bit reference frequency data, the 14-bit auxil-
iary reference frequency counter information, the reference
frequency selection plus, the auxiliary reference frequency
counter enable bit (Figure 9).

If the AUX REF ENB bit is high, the 14-bit auxiliary refer-
ence frequency counter provides an additional phase refer-
ence frequency output for the loops. If AUX REF ENB bit is
low, the auxiliary reference frequency counter is forced into

power—down mode for current saving. (Other power down
modes are also provided through the control register per
Table 2 and Figure 8.} At the falling edge of the ENB signal,
the data is stored in the registers.

There are two interfacing schemes for the universal chan-
nel mode: the three—pin and the four-pin interfacing
schemes. The three—pin interfacing scheme Is suited for use
with the MCU SPI {serial peripheral interface) (Figure 10),
while the four—pin interfacing scheme is commenly used for
general /O port connection {Figure 11).

For the three—pin interfacing scheme, the auxiliary data
select bitis set to 0. All 32 bits of data, which define both the
16—-bit transmit counter and the 16-bit receive counter, latch
into the PLL intemal register through the data in pins at the
leading edge of CLK. See Figures 12 and 13.

For the four—pin interfacing scheme, the auxifiary data
select bitis setto 1. In this scheme, the 16—bit transmit count-
er's data enters into the ADj pin et the same time as the
16-bit receive counter's data enters into the Djn, pin. This si-
multaneous entry of the transmit and receive counters
causes the programming period of the four—pin scheme to be
half that of the three—pin scheme (see Figures 14 and 15).

While programming T%/Rx Channel Counter, the ENB pin
must be pulsed to provide falling edge to |atch the shifted data
after the rising edge of the last clock. Maximum data transfer
rate is 500 kbps.

NOTE

10 ms should be allowed for inilial start—up time
for the oscillator to aflow all registers to clear and
enable programming of new register values.

MOTORQLA
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CONTROL REGISTER IDENTIFIER = 1

CONTROL R/E\GISTER DATA
. -
< x TEST REF PD
DATA
X SELE CTX 4X ENABLE EN.ABLE ENABLE
Ls8

ENB

NOTE: ENB must ba high during the serial transfer.

Figure 8. Programming Format of the Control Reglster

Table 1. Control Register Function Bits Description

Test Bit

Set to 1 for T}/Rx channel counter test moda
Set to 0 for normal application

Aux Data Select

Set to 1 for both ADjy and Dy, pins inputiing the transmit 16—bits data and receive 16-bits data-
respectively.

Set to ¢ for nomat application interfacing with MCU sena! peripheral interface, Does not use AD;, pin;
tie ADjp to Vgsg.

REFgu + 37+ 4

If set to 1, REFgq output frequency is equal to OSCoyt +3.
If set to 0, REF gt output is OSCoyt + 4.

TxPD Enable If sat ta 1, the ransmit counter, ransmit phase detector, and the associated circuitry s in power—
down mode.
Tx PSfry is set "High®, : )
RxPD Enable If set to 1, the receive counter, receive phase detector, and the associated circuitry is in power-
down mode.
Rx PSfipy is set “High".
Ref PD Enable if setto 1, both 12-bit and 14-bit reference frequency counters are in power—down mode.
Table 2. Control Register Power Down Bits Function
TxPD RxPD REF PD Reference
Enable Enable Enable Tx-Channel Counter Rx-Channel Counter Frequency Counter
0 (1} 0 — — —_
0 [H] 1 - — Power Down
0 1 4] — Power Down —_—
4] 1 1 — Power Down Power Down
1 0 0 Power Down _— _—
1 [+] 1 Power Down — Power Down
1 1 0 Power Down Power Down —_
1 1 1 Power Down Power Down Power Down
MC145162«MC145162-1 MOTOROLA
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REFERENCE FREQUENCY COUNTER REFERENCE

IOENTIFIER = 0 REFERENCE . FREQUENCY REFERENCE AUX REFERENCE
FREQUENCY COUNTER FREQUENCY FREQUENCY COUNTER
SELE: DIVIDE RATIO SELECT DIVIDE RATIO
A Fa A AN

7~

A4 N
AUX \
ReF ¥ Tx=0 Y Rx-0 12-BITS REF FREQ fR1 R 14-BITS AUX REF FREQ
Oin ©  Aenapie /A SELECTA SELECT DATA §1 s2 DATA

- JuUULJUy UL, I

ENB

NOTE: ENB must be high during the serial transfer.

Figure 9. Programming Format of the Auxiliary/Reference Frequency Counters

— Dy ———
MCU
USING LK UNIVERSAL PLL
SERIAL PERIPHERAL B
INTERFACE PORT ' AUX DATA BIT =0
ENB —af
Figure 10. MCU Interface Using SPI
[ Ay
MCU Oin UNIVERSAL PLL
USING
NORMAL IfQ PORT ————— LK ——— AUX DATA BIT =1
ENB ———ncm]

Figure 11. MCU Interface Using Normal I/O Ports with
Both Djn and ADj;, for Faster Programming Time

MOTOROLA : MC145162«MC145162-1
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CONTROL REGISTER IDENTIFIER = 1 CONTROL REGlSTER DATA

\ -
; 0 TEST ;:'T); RPD Y REFPD \
‘A BT A e ENRBLE \ EnapLE | ENfBLE
MSB

AUX DATA SELECT =0

K

- _ i

NOTE: ENB must be high during the serial transfer.

Figure 12. Programming Format for Control Register (3-Pin Interfacing Scheme)

D 16-BIT Tx COUNTER 16-BIT Rx COUNTER
n DIVIDE RATIO DIVIDE RATIO
: 1 . LAST
e 2 .

QK CLOCK
(8 (
) p)J

ENB

NOTE: ENB must be low during the seral transfer.

Figure 13. Programming Format for Transmit and Receive Counters
{3-Pin Interfacing Scheme)

CONTROL REGISTER IDENTIFIER = 1 CONTROL REGISTER DATA
P N\ ™~
D 1 TEST REF PD
in 0 BIT ENAauz ENABLE ENABLE
AUX DATA SELECT = 1 — 58
CLK
ENB

NOTE: ENB must be high during the serial transfer.

Figure 14. Programming Format for Control Register {4—Pin Interfacing Scheme)

MC145162eMC145162—1 MOTOROLA
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AN

AD: 16-BIT Tx COUNTER
™ DIVDE RATIO /
o 16-BIT Rx COUNTER \
n DIVIDE RATIO /
LAST
et —
ek CLOCK
{C
P2
ENB

NOTE: ENB must be low during the serial transfer.

Figure 15. Programming Format for Transmit and Receive Counters
{4—Pin Interfacing Scheme)

Table 3. Global CT-1 Reference Frequency Setting vs Channel Frequencies

. Country Channels Frequency frt frR2
U.éA. 46/49 MHz (10, 15, 25 Channels) 5.0 kHz —
France 26/41 MHz 6.25 kHz/12.5 kHz -
Spain 3141 MHz 5.0 kHz —
Australia 30/38 MHz 5.0 kHz —_
U.K 1.7/47 .MHz 6.25 kHz 1.0 kHz
New Zealand 1.7734/40 MHz 6.25 kHz 1.0 kHz

REFERENCE FREQUENCY SELECTION
AND PROGRAMMING

Figure 16 shows the bit function of the reference frequency
programming word. The user can either select the “fixed”
reference frequency for all channels accordingly or provide a
specific reference frequency for a particular channel by using
two reference frequency counters (e.g., for an application in
France, the base set transmit channel common fixed refer-
ence frequency is 6.25 kHz or 12.5 kHz). (See Table 3 and
Figure 6 for reference frequencies for various countries.)
However, transmit channels 6, 8, and 14 can be set to
25 kHz, and channel B reference frequency can be set to
50 kHz. But this reference frequency may not be applied to
the receiving side; therefore, the receiving side reference fre-
quency must be generated by another reference frequency
counter. The higher the reference frequency, the better the
phase noise performance and faster the lock time, but the
PLL consumes more current if both reference frequency
counters are in operation.

fn general, the 12--bit reference frequency counter plus the
=+ 4 and -~ 25 module can offer all the reference frequencies

for global CT-1 transmit and receive channel requirements.
Users can select their own reference frequency by intro-
ducing the additionat 14—bit auxiliary reference frequency
counter,

Again, the 14—bit auxiliary reference frequency counter can
be shut down by the auxiliary reference enable bitin the refer-
ence counter programming word by setting the bit to 0. At this
state, the fRy is automatically connected to point C (the - 25
block output), and fr4 can be connected to point A or B by set-
ting the fR1—S81 and fR1—52 bits in the reference counter pro-
gram word. The 14-bit auxiliary reference frequency counter
data will be in "Don’t Care" state.

If the 14-bit auxiliary reference frequency counter is
enabled (auxiliary reference enable = 1), then fr2 is auto-
matically connected to point D {14-bit counter output), and
frR1 can be selected to connect to point A, B, or C, depending
on the bit setting of fr1—S1 and fr1-S2.

Table 4 and Figure 16 describe the functions of the auxiliary
reference enable bit and the fr1—S1 and fr1-S2 bits
selection.

MOTOROLA
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12-BIT PROGRAMMABLE

| 05Cin REFERENCE COUNTER
3
| 14-BIT PROGRAMMABLE
OSCout AUXILIARY REFERENCE
MAXIMUM COUNTER  TxPDouy
CRYSTAL FREQUENCY
16.0MHz
L
1 Rx
| N PHASE [~ RxPDgy
“~~o—] DETECTOR
© Res
SELECT
REF FREQUENCY
COUNTER [DENTIFIER = 0 REFERENCE REFERENCE REFERENCE
FREQUENCY FREQUENCY FREQUENCY AUXILIARY REFERENCE
COUNTER SELECT FREQUENCY COUNTER
A Ao ¥
NS Y
12-BTSREFFREQ Y fry Y fry 14-BITS AUX REF FREQ
patA A st A s DATA

ClK

o |

P2

ENB

NOTE: ENB must be high during the serial transfer.

Figure 16. Reference Frequency Counter/Selection Programming Mode

Table 4. Bit Function and the Reference Frequency Selection Bit Setting of the
Reference Frequency Counter Programming Word

AUX REF Auxiliary Reference Frequency Module frq frq
Enable Counter Mode Select 51 52 fr1 Routing

0 14-Bit Auxiliary Reference Frequency frRzoC 0 0 N/A
Counter Disable 0 1 fr1—A
1 0 fr1 =8

1 1 N/A

1 14-Bit Auxiliary Reference Frequency frz -+ D 0 0 N/A
Counter Enable 0 1 fr1 = A
1 0 fri—=B
1 1 fr1—>C

N/A = Not Applicable

MC145162¢MC145162-1
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POWER SAVING OPERATION

This PLL has a programmable power—saving scheme. The
transmit and receive counters and the reference frequency
counter can be powered down individually by setting the
TxPD enable, RxPD enable, and Ref PD enable bits of the
control register. The functions of the power down control bits
are explained in Table 2 and the programming format is in
Figure 8. '

The output pins TxPS/1y and RxPSHRx output the status of
the intemal power saving setting. If the bit TxPD aenable is set
“high” (transmit counter is set to power—down mode), then the
TxPSffTy pin will also output a “high” state. This TxPSf1y out-
put can controf an extemal power switch to switch off the
transmitter, as shown in Figure 17. This scheme can be
applied to the RxPSAR, output to control the receiver power
saving operation as required.

POWER SUPPLY

TxPSMry

POWER SWITCH FQR TRANSMITTER

RxPSARy,

TO CONTROL THE RECEIVER
POWER SWITCH

UNIVERSAL DUAL PLL

vVop
; o | TXPOWER-DOWN
I? ENABLE FLAG

Tx DIVIDER CHAIN COUNTER, PHASE DETECTOR

4

; Voo _
) q | RxPOWER-DOWN
[ T ENABLE FLAG

Rx DIVIDER CHAIN COUNTER, PHASE DETECTOR

4

Figure 17, TxPS/fTx and RxPS/{Rx Outputs to Control Power Switches
of the Transmitter and the Receiver

MOTOROLA
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TxRx CHANNEL COUN'I"ER TEST

in normal applications, the TxPS/fTy and the RxPS/fry out-
put pins indicate the power saving mode status. However, the
user can examine the Tx and Rx chennel counter outputs by
setting the Test bit in the control register to 1. The final value

Wﬂn} o | il T p—

TXPS fry

frx

of the transmit—channel counter and the receive—channel
counter multiptex out to TxPSATy and RxPS/IRy respectivety.,
The user can verify the divided—down output waveform asso-
ciated with the RF input level in the PLL circuitry implementa-
tion (Figure 18).

16-BIT Tx PROGRAMMABLE

CHANNELS COUNTER

I
>
IF TEST BIT IS SETTO 4, THE ty

AND fry ARE MUXED OUT AT PINS
TXPSAy, AND RxPS/gy,

CONTROL REGISTER IDENTIFIER =1

CONTROL REGISTER
.

RESPECTIVELY, FOR Rw/Tx

AN

CHANNEL COUNTER TEST.

AUX REF
TEST DATA RFD V REFFD
SELECT -3;_4 ENABLE ENABLE /\ ENABLE

W\Nb.—u— e ~[>¢ "

16-BIT R PROGRAMMABLE
CHANNELS COUNTER

RePS /iRy

RxPS

XXX

Figure 18. RF Buffer Sensitivity

MC145162«MC145162-1
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UTCTA7640AP LINEAR INTEGRATED CIRCUIT

AM/FM IF PROCESSOR

DESCRIPTION
The UTC TA7640AP Is A Monolithic Integrated Circuit
Designed For The Radios Cassette Tape Recorder.

FEATURES .

“Low Operating Current

*Low External Component

*Internal AM/FM Switch

“Wide Operating Voltage : Voc=3.8V

BLOCK DIAGRAM

DiP-16

i

160 F
.

UTC  UNISONIC TECHNOLOGIES CO.. LTD. ¢

QW-R110-007 A




UTCTA7640AP LINEAR INTEGRATED CIRCUIT

ABSOLUTE MAXIMUM RATINGS(Ta=25°C)

PARAMETER - SYMBOL VALUE UNIT

Voltage vCC 8 vV

Led Driving Curtent ILAMP 10 mA

Power Dissipation PD 750 mwW

Operating Temperature TOPR -25 ~+75 °C

Storage Temperature TSTG -55~-+150 °C
NOTE .Ta>25°C,6mwrC

DC ELECTRICAL CHARACTERISTICSvcc=5v)

PARAMETER SYMBOL TYP UNIT
AM FM

Pin 1 AM Mixer Input Vi 15 0 Vv
Pin 2 AM Mixer Bypass v2 15 0 v
Pin 3 AM Local OSC V3 2.3 23 v
Pin 4 Voltage Regulator V4 2.3 23 A4
Pin 5 AM IF Out V5 1 0.9 v
Pin & Level Meter Out Ve 1 0.9 v
Pin 7 Led Driver Qutput V7 v
Pin 8 GND h:] 0 0 v
Pin 9 Dectector Vg 1.4 1.5 v
Pin 10 Vee V40 5 5 v
Pin 11 FM Decter Cut Vit 5 5 v
Pin 12 AM IF Bypass V12 1.5 1.5 v
Pin 13 AM IF Input V13 1.5 1.5 v
Pin 14 AM IFBypass V14 15 1.5 v
Pin 15 FM IF Input V15 1.5 1.5 v
Pin 16 AM Mixer Qutput V16 5 5 v

AC ELECTRICAL CHARACTERISTICS(Ta=25°C,Vcc=5V,FM;=10.7MHz,

t=1MHz, Mod=30%.FM=400Hz)

Af=22 5KHz, FM=400Hz AM;

PARAMETER SYMBOL | CHART | TEST CONDITIONS MIN TYP Max | uni

Supply Current ICC(1) 1 FM  VIN=Q 10 15 mA
1CC(2) AM VIN=0O 7 10

FM
Input Limiting Violtage VIN(lim) 1 -3dB 40 46 dBp
Detector Qutput VoD 1 ViN=66dBu 57 85 i14 mVms
Signal Noise Ratio S/N 1 VIN=80dBn 65 dB
Total Harmonic THD 1 VIN=80dBu 0.05 %
Distortion
Am Rejection AMR 1 VIN=80dBu 38 dBp
UTC  unisoNic TECHNOLOGIES cO. LTD. =

GW-R110-007 A




UTCTA7640AP LINEAR INTEGRATED CIRCUIT

FM OPEN

PARAMETER SYMBOL | CHART | TEST CONDITIONS MIN TYP MAX UNIT
Lever Meter Driving M 1 VIN=100dBu 1.6 1.75 18 v
Voltage
Led Driving Sensitivity VL 1 IL=1mA 45 52 dB
AM
Gain GV 1 VIN=26dBp 20 30 60 mVims
Detector Qutput Voltage|  vop 1 VIN=60dBy 65 g5 125 | mVms
{Signal To Noise Ratio SIN 1 VIN=60dBu 47 d8
Total Harmonic THD 1 VIN=603Bu 1 %
Distortion
Signal Meter Output VM 1 VIN=100dBu 1.6 1.75 1.8 V'
Level Meter Driving VL 1 IL=1mA 32 dBp
Voltage
Osciliation Stop Voltage Vstop 1 RDUMP = 15 Vv
Pin 5 Quiput Impedance RO9 =1KHZ 3 KQ
TEST CIRCUIT

100 Veo=5v
o.02zpF | — C )
FM N 5
FMWAM
B-?] 220 T QUT
AM IN
n
'8
5
5 =) C ON
1 FM CLOSE \i T -l-‘-“ -F,z F vHON

UTC

UNISONIC TECHNOLOGIES CO., LTD. 3

QW-R110-007 A




~eatures

Compatible with MCS-51™ Products

2K Bytes of Reprogrammable Fiash Memory
= Endurance: 1,000 Write/Erase Cycles

2.7V to 6V Operating Range

Fully Static Operation: 0 Hx to 24 MHz

Two-Level Program Memory Lock

128 x 8-Bit Internal RAM

15 Programmable VO Lines

Two 16-Bit Timer/Counters

Six Interrupt Sources

Programmable Serial UART Channel

Direct LED Drive Qutputs

On-Chip Analog Comparator

Low Power Idle and Power Down Modes

)escription

he ATBSC2051 is a low-voltage, high-performance CMOS 8-bit microcomputer with
K Bytes of Flash programmable and erasable read only memory (PEROM). The
evice is manufactured using Atmel's high density nonvolatile memory technology
nd is compatible with the industry standard MCS-51™ instruction set. By combining
versatile 8-bit CPU with Flash on a monolithic chip, the Atmel AT89C2051 is a pow-
rful microcomputer which provides a highly flexible and cost effective solution to
iany embedded control applications.

he ATBIC2051 provides the following standard features: 2K Bytes of Flash, 128
ytes of RAM, 15 IfO lines, two 16-bit timer/counters, a five vector two-level interrupt
‘chitecture, a full duplex serial port, a precision analog comparator, on-chip oscillator
d clock circuitry. In addition, the AT89C2051 is designed with static logic for opera-
an down to zero frequency and supports two software selectable power saving
odes. The Idle Mode stops the CPU while allowing the RAM, timer/counters, senal
ort and interrupt system to continue functioning. The Power Down Mode saves the
AM contents but freezes the oscillator disabling all other chip functions until the next
ardware reset.

'in Configuration

PDRIP/SQIC
[ ]
RST/VPP ] 1 20 O vee
(RXD) P30 ] 2 19 P p1.7
(TXD) P31 4 3 18 P16
XTALZ ] 4 17 3 P15
XTALt CT 5 16 [ P1.4
(INTo) P3.2 (] & 15 1 Pt.3
(INT1) P33 (] 7 14 11 P1.2
{TO) P3.4 ] 8 13 3 P1.1 (AINt)
(T} P35O g 12 [ P1.0 {AINO)
GND ] 10 11 [ P3.7

IMEL

8-Bit
Microcontroller
with 2K Bytes
Flash

AT89C2051

03680D-8-12/97
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AIMEL

Block Diagram
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e A T 89C 2051

Pin Description

Vee

Supply voltage.

SND

3round.

Sort 1

ort 1 is an 8-bit bidirectional 1/O port. Port pins P1.2 to
1.7 provide internal puliups. P1.0 and P1.1 require exter-
1al puliups. P1.0¢ and P1.1 also serve as the positive input
AINO} and the negative input {AIN1), respectively, of the
n-chip precision analog comparator. The Port 1 output
wiffers can sink 20 mA and can drive LED displays directly.
Nhen 1s are written to Port 1 pins, they can be used as
nputs. When pins P1.2 to P1.7 are used as inputs and are

:xxtemally pulled low, they will source current (ly ) because
if the internal pullups.

*ort 1 also receives code data during Flash programming
ind verification.

‘ort3

‘ort 3 pins P3.0 to P3.5, P3.7 are seven bidirectional /O
ins with internal pullups. P3.6 is hard-wired as an input to
e output of the on-chip comparator and is not accessible
's a general purpose /O pin. The Port 3 output buffers can
ink 20 mA. When 1s are written to Port 3 pins they are
ulled high by the internal puliups and can be used as
puts. As’inputs, Port 3 pins that are externally being
ulled low will source current (I; ) because of the pullups.
‘ort 3 also serves. the functions of various special features
fthe ATB9C2051 as listed below:

Port Pin Alternate Functions
P3.0 RXD (serial input port)
P3.1 TXD (serial output port)
P3.2 INTO (externat interrupt 0)
P3.3 INTT (external interrupt 1)
P3.4 TO {timer 0 external input}
P35 T1 (timer 1 external input)

ort 3 also receives some control signals for Flash pro-
-amming and verification.

ST

eset input. All I/O pins are reset to 1s as soon as RST
»es high. Holding the RST pin high for two machine cycles
hile the oscillator is running resets the device.

ach machine cycle takes 12 osciliator or clock cycles.
TAL1

put to the inverting oscillator amplifier and input to the
temal clock operating circuit.

AIMEL

XTAL2
Output from the inverting oscillator amplifier.

Oscillator Characteristics

XTAL1 and XTALZ2 are the input and output, respectively,
of an inverting amplifier which can be configured for use as
an on-~chip oscillator, as shown Iin Figure 1. Either a quartz
crystal or ceramic resonator may be used. To drive the
device from an external clock source, XTALZ should be left
unconnected while XTAL1 is driven as shown in Figure 2.
There ate no requirements on the duty cycle of the extemal
clock signal, since the input to the internal clocking circuitry
is through a divide-by-two flip-flop, but minimum and maxi-
mum voltage high and low time specifications must be
observed.

Figure 1. Oscillator Connections

c2
I ) XTAL2
c1 -
® ) ° XTAL1
P GND

Note: Ct1,C2 =30 pF 10 pF for Crystals

= 40 pF 1 10 pF for Ceramic Resonators
Figure 2. External Clock Drive Configuration

NC XTAL2
EXTERNAL
OSCILLATOR XTAL1
SIGNAL
GND

417




ATMEL

special Function Registers

» map of the on-chip memory area called the Special Func-
on Register (SFR) space is shown in the table below.

lote that not all of the addresses are occupied, and unoc-
upied addresses may not be implemented on the chip.
‘ead accesses to these addresses will in general retum
andom data, and write accesses will have an indetermi-
ate effect.

able 1. AT89C2051 SFR Map and Reset Values

User software should not write 1s to these unlisted ioca-
tions, since they may be used in future products to invoke
new features. In that case, the reset or inactive values of
the new bits will always be 0.

‘OF8H OFFH
OFOH B OF7H
00000000
OESH OEFH
OEOH |  ACC 0E7H
00000000
ODBH ODFH
0DOH |  PSW 0D7H
00000000
0C8H OCFH
0COH 0C7H
0B8H P 0BFH
XXX00000
0BOH P3 0B7H
1111111
JA8H IE OAFH
0XX00000
JACH 0ATH
98H | SCON SBUF 9FH
00000000 | XXOXXXXXX
90H P1 97H
11111111
B8H | TCON TMOD TLO L THO TH1 8FH
00000000 | 00000000 | 00000000 | 0OCO0C00 | 00000000 | 0000000Q
80H sp DPL DPH PCON | 87H
00000111 | 00000000 | 00000000 0XXX0000
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Restrictio-ns on Certain Instructions

The AT89C2051 and is an economical and cost-effective
nember of Atmel's growing family of microcontrollers. It
sontains ZK bytes of flash program memory. It is fully com-
Jatible with the MCS-561 architecture, and can be pro-
jrammed using the MCS-51 instruction set. However,
here are a few considerations one must keep in mind when
tiizing certain instructions to program this device.

All the instructions related to jumping or branching should
@ restricted such that the destination address falls within
he physical program memory space of the device, which is
'K for the ATBIC2051. This should be the responsibility of
he software programmer. For example, LIMP 7EOH would
e a valid instruction for the AT89C2051 (with 2K of mem-
iy}, whereas LJMP 200H would not.

. Branching instructions:
CALL, LIMP, ACALL, AJMP, SIMP, JMP @A+DPTR

‘hese unconditional branching instructions will execute
orrectly as long as the programmer keeps in mind that the
'estination branching address must falf within the physical
-oundaries of the program memory size (locations 00H to
FFH for the 89C2051). Violating the physical space limits
1ay cause unknown program behavior.

WNE [..], DINZ [...], JB, JNB, JC, JNC, JBC, JZ, JNZ Wilh
1ese conditionat branching instructions the same rule
bove applies. Again, violating the mermory boundaries
1ay cause erratic execution.

or applications involving interrupts the normal interrupt
ervice routine address locations of the 80C51 family archi-
:icture have been preserved.

. MOVX-related instructions, Data Memory:

he ATB9C2051 contains 128 bytes of intermal data mem-
f¥. Thus, in the ATB9C2051 the stack depth is limited to
28 bytes, the amount of available RAM. External DATA
iemory access is not supported in this device, nor is exter-
1l PROGRAM memory execution. Therefore, no MOVX
J] instructions should be included in the program.

typical 80C51 assembler will still assemble instructions,
fen if they are written in violation of the restrictions men-
ned above. Itis the responsibility of the controlter user to
0w the physical features and limitations of the device
ting used and adjust the instructions used correspond-
gly.

AIMEL

Program Memory Lock Bits

On the chip are two lock bits which can be left unpro-
grammed (U) or can be programmed (P) to obtain the addi-
tional features listed in the table below:

Lock Bit Protection Modes(")

Pregram Lock Bits
LBt LB2 | Protection Type
1 u u No program lock features.
2 P u Further programming of the Flash
is disabled.
3 P P Same as mode 2, also verify is
disabled.
Note: 1. The Lock Bits can only be erased with the Chip Erase
operation.
Idie Mode

In idle mode, the CPU puts itself to sleep while all the on-
chip peripherals remain active. The mode is invoked by
software. The content of the on-chip RAM and all the spe-
cial functions registers remain unchanged during this
mode. The idle mode can be terminated by any enabled
interrupt or by a hardware reset.

P1.0 and P1.1 should be setto '0" if no external pullups are
used, or set to "1’ if external pullups are used.

It should be noted that when idlé is terminated by a hard-
ware reset, the device normally resumes program execu-
tion, from where it left off, up to two machine cycles before
the intemmal reset algorithm takes control. On-chip hardware
inhibits access to intermal RAM in this event, but access to
the port pins is not inhibited. To eliminate the possibility of
an unexpected write to a port pin when Idle is tenminated by
reset, the instruction following the one that invokes Idle
should not be cne that writes to a port pin or to external
memory.

Power Down Mode

In the power down made the oscillator is stopped, and the
instruction that invokes power down is the last instruction
executed. The on-chip RAM and Special Function Regis-
ters retain their values until the power down mode is termi-
nated. The only exit from power down is a hardware reset.
Reset redefines the SFRs but does not change the on-chip
RAM. The reset should not be activated before V¢ is
restored to its normal operating level and must be held
aclive long enough to allow the oscillator to restart and sta-
bilize.

P1.0 and P1.1 should be set to '0’ if no external pullups are
used, or set to "1’ if external pullups are used.

4-19
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Programming The Flash

The AT89C2051 is shipped with the 2K bytes of on-chip
°EROM code memory array in the erased state (i.e., con-
'ents = FFH) and ready to be programmed. The code mem-
ory array is programmed one byte at a time. Once the array
's programmed, to re-program any non-blank byte, the
antire memory amay needs o be erased electrically.

nternal Address Counter: The AT89C2051 contains an
ntemal PEROM address counter which is always reset to
JOOH on the rising edge of RST and is advanced by apply-
ng a positive going pulse to pin XTAL1.

’rogramming Algorithm: To program the AT89C2051,
he following sequence is recommended.

. Power-up sequence:
Apply power between Vo and GND pins
Set RST and XTAL1 to GND

!, Setpin RST to 'H'
Set pin P3.2 to 'H’

.. Apply the appropriate combination of ‘H’ or 'L’ logic
levels to pins P3.3, P3.4, P3.5, P3.7 to select one of the
programming operations shown in the PEROM Pro-
gramming Modes table. .

‘0 Program and Verify the Array:

. Apply data for Code byte at location 000H to P1.0 to
P1.7.

. Raise RST to 12V to enable programming. )

. Puise P3.2 once to program a byte in the PEROM array
or the lock bits. The byte-write cycle is self-timed and
typically takes 1.2 ms.

. To verify the programmed data, lower RST from 12V to
logic "H’ level and set pins P3.3 to P3.7 to the appropiate
levels. Output data can be read at the port P1 pins.

. To program a byte at the next address location, pulse
XTAL1 pin once to advance the internal address counter,
Apply new data to the port P1 pins.

Repeat steps 5 through 8, changing data and advancing
the address counter for the entire 2K byles array or unti!
the end of the object file is reached.

).Power-off sequence:
set XTAL1 to 'L’
set RSTto 'L’

Tum V¢ power off

ata Polling: The AT89C2051 features Data Polfing to

dicate the end of a write cycle. During a write cycle, an

tempted read of the last byte written will result in the com-
2ment of the written data on P1.7. Once the write cycle
1s been completed, true data is valid on all outputs, and

2 next cycle may begin. Data Polling may begin any time

‘er a write cycle has been initiated.

Ready/Busy: The Progress of byte programming can also
be monitored by the RDY/BSY output signal. Pin P3.1 is
pufled iow after P3.2 goes High during programming to indi-
cate BUSY. P3.1 is pulled High again when programming is
done to indicate READY.

Program Verify: If lock bits LB1 and LB2 have not been
programmed code data can be read back via the data lines
for verification:

1. Reset the intemal address counter to 000H by bringing
RST from 'L" to 'H'.

2. Apply the appropriate control signals for Read Code data
and read the output data at the port P1 pins.

3. Pulse pin XTAL1 once to advance the intemal address
counter.

4. Read the next code data byte at the port P1 pins.

5. Repeat steps 3 and 4 until the entire array Is read.

The lock bits cannot be verified directly. Verification of the

lock bits is achieved by observing that their features are

enabled.

Chip Erase: The entire PEROM array (2K bytes) and the
two Lock Bits are erased electrically by using the proper
combination of control signals and by holding P3.2 low for
10 ms. The code array is written with all “1°s in the Chip
Erase operation and must be executed before any non-
blank memory byte can be re-programmed.

Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
locations 000H, 001H, and 002H, except that P3.5 and
P3.7 must be pulled to a logic low. The values returned are
as follows.

{000H) = 1EH indicates manufactured by Atmel
(001H) = 21H indicates 89C2051

Programming Interface

Every code byte in the Flash array can be written and the
entire array can be erased by using the appropriate combi-
nation of control signals. The write operation cycle is self-
timed and once initiated, will automatically time itself to
completion.

All major programming vendors offer worldwide support for
the Atmel microcontroller series. Please contact your local
programming vendor for the appropriate software revision.

20 AT89C2051 e e e
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Flash Programming Modes

Mode RST/VPP P3.2/PROG P3.3 P34 P3.5 P3.7
Write Code Datal1¥¥ 12v L H H H
—~
Read Code Dataf¥ H H L L H H
Write Lock Bit-1 12v H "H H H
—~
Bit - 2 12v H H L L
—~
Chip Erase 12v I3 H L L L
N
Read Signature Byte H H L L L L

lotes: 1. The internal PEROM address counter is reset to 000H on the rising edge of RST and is advanced by a positive pulse at

XTAL 1 pin,

2. Chip Erase requires a 10-ms PROG pulse.
3. P3.1is pulled Low during programming to indicate RDY/BSY.

‘igure 3. Programming the Flash Memory -

: 5V
- AT89C2051 —]
ROYBSY <+—{ P3.d Ve
PROG PGM
PROG  ——» P32 P fe—— M
—-—p} P33
SEEFLASH |— 3] pag4
PROGRAMMING
MODES TABLE | —»| P3.5
—» P37
[ —— xTALt RST |a—— V,/V,,
TO INCREMENT GND

ADDRESS COUNTER ‘

Figure 4.- Verifying the Flash Memory

AT89C2051

V,, —»{ Pa2

SEE FLASH
PROGRAMMING
MODES TABLE

»
M
>
>

»

P3.3
P34
Pas
Pa.7

XTAl
GND

P

Vee

RST [«

||||t

PGM
DATA
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Flash Programming and Verification Characteristics
Tp=0°C to 70°C, Vg = 5.0 4 10%

Symbol Parameter Min Max Units
Vpp Programming Enable Voliage - 11.5 12.5 \'
lpp Programming Enable Current . 250 A
tovaL Data Setup to PROG Low 1.0 us
taHDx Data Hold After PROG ' 1.0 ps
lenHsH P3.4 (ENABLE) High to Vpp 1.0 us
toHgL Vpp Setup to PROG Low 10 us
taHsL Vpp Hold After PROG 10 us
toLaH PROG width 1 110 Us
teLav ENABLE Low to Data Valid 1.0 us
tenaz Data Float After ENABLE 0 1.0 us
taHBL PROG High to BUSY Low 50 ns
twe Byte Write Cydle Time 2.0 ms
tariH RDY/BSY1 to Increment Clock Delay 1.0 ps
tariL increment Clock High 200 ns

lote: 1. Only usedin 12-volt programming mode.

‘lash Programming and Verification Waveforms

PORT 1

P3.2
(PROG)

RAST
(Vpp)

P3.4
(ENABLE)

P3.1
(RDY/BSY)

XTAL1
(INCREMENT
ADDRESS)

DATA IN DATA OUT
<« "l lgupx ' *

tspaL e », toan > > lonst
_____ Ver L LOGICT
___________________________________ LoGIco _ .
> < leysy gy » <« " < teyoz
toweL * “
BUSY READY
« twe > R T

AT89C2051T e ——
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Absolute Maximum Ratings*

Stresses beyond those listed under *Absolute
Maximum Ratings® may cause permanent dam-
age to the device. This is a stress rating onty and
functional operation of the device at these or any
other conditions beyond those indicated in the
operational sections of this specification is not
implied. Exposure to absolute maximum rating
conditions for extended periods may affect device
reliabifity.

Operating Temperature ............cccccovvereesvonns -55°C to +125°C *NOTICE:
Storage Temperature ......weceeeeeeeecrsesee s 65°C to +150°C

Voltage on Any Pin

with Respectto Ground ................c.ccovcrvrnirirenn. 1.0V to +7.0V

Maximum Operating Voltage..........cocoeeevieeeciiceene 6.6V

DC Output CUMENt....cceeecccvicrein e res e sereness e 25.0 mA

JC Characteristics
A =-40°C to B5°C, V¢ = 2.0V to 6.0V (unless otherwise noted)

Symbol Parameter Condition Min Max Units
Vi Input Low Voltage 0.5 0.2Vee-0.1 v
Vi Input High Voltage {Except XTAL1, RST) 0.2Vee+09 Vee + 0.5 v
Vini Input High Voltage {(XTAL1, RST) 0.7 Vee Vec+ 0.5 v
VoL ‘Output Low Voltage(") loL =20 MA, Vee = 5V 0.5 v
(Ports 1, 3) oy =10 mA, Ve = 2.7V
Vou Output High Voltage lon =-80 A, Voo =5V £ 10% 24 v
(Ports 1, 3) lon = -30 pA 0.75 Vee v
lon = =12 pA 0.9 Vee 2
I Logical O fnput Current Vin = 0.45V -50 MA
(Ports 1, 3) _
I Logical 1 to 0 Transition Current V.N =2V, Ve =5V 2 10% -750 pA
(Ports 1, 3)
Iy Input Leakage Current 0 <Viy<Vee +10 uA
(Port P1.0, P1.1)
Vos Comparator Input Offset Voltage | Ve = 5V 20 mv
Vem Comparator Input Common 0 Vee v
Mode Voltage
RRST Reset Pulldown Resistor 50 300 K
Cio Pin Capacitance Test Freq. = 1 MHz, Ty = 25°C 10 pF
'ce Power Supply Current Active Mode, 12 MHz, V¢ = 6V/3V 15/5.5 mA
Idie Mode, 12 MHz, V¢ = 6V/3V 51 mA
P10&P11=0VorVcc
Power Down Mode(2) Voo =6V P1.0 & P1.1 =0V or Vee 100 BA
Vec=3VP1.0&P1.1 =0V or Ve 20 A
des: 1. Under steady state (non-transient) conditions, Ig; must be externally limited as follows:

Maximum !, per port pin: 20 mA

Maximum total I, for all cutput pins: 80 mA
If lg| exceeds the test condition, Vg, may exceed the related specification. Pins are not guaranteed to sink current greater

than the listed test conditions.

2. Minimum Ve for Power Down is 2V.

AIMEL
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External Clock Drive Waveforms

0.45v

External Clock Drive

Symbol Parameter Vee = 2.7V to 6.0V Veoe = 4.0V to 6.0V Unlts
Min Max Min Max
oo Oscillator Frequency 0 12 0 24 MHz
toio Clock Period 83.3 41.6 a ns
torex High Time 30 .15 ns
forex Low Time . 30 15 ns
teicH Rise Time ’ 20 20 ns
toneL - | Fall Time ’ 20 20 ns

24 AT89C2051 s oreerr——————
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Serial Port Timing: Shift Register Mode Test Conditions

Vee = 5.0V + 20%; Load Capacitance = 80 pF)

Symbol Parameter 12 MHx Osc Variable Oscillator Units
Min Max Min Max
txixa, Serial Port Clock Cycle Time 1.0 12tci oL us
tavxH Output Data Setup to Clock Rising Edge 700 10t oL -133 ns
txHax Cutput Data Hold After Clock Rising Edge 50 oo 117 ns
txHDX Input Data Hold After Clock Rising Edge 0 0 ns
txrHov Clock Rising Edge 1o Input Data Valid 700 10te) o -133 ns
>hift Register Mode Timing Waveforms
INSTRUCTION 0 1 2 4 5 6 7 8
ALE
- > bax
CLOCK o
tQ\c’)l(H - »
» 4 Iynox
WRITE TO‘SBUF . 0 1 2 3 4 5 6 7
v - - t LA
QUTPUT DATA tyow ¢ > XHDX SETTI
CLEAR R VALID * VALID VALID VALID VALID VALID VALID VALID
v ] 'y
INPUT DATA SET RI

C Testing Input/Output Waveforms(!)  Float Waveforms(!

Ve - 05V

02 Vg + 0.9V

TEST POINTS

0.2 V. - 0.1V
0.45V ce

ne: 1. AC Inputs during testing are driven at Ve - 0.5V for
a logic 1 and 0.45V for a logic 0. Timing measure-
ments are made at Vy min. for a logic 1 and Vy_
max. for a logic 0.

Timing Reference
Points

Note: 1. For timing purposes, a port pin is no Ionger float-
ing when a 100 mV change from load voltage
occurs. A port pin begins to float when 100 mV

change frothe loaded Vou/Vg(_ level occurs,

AlMEL
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1.
2.
3.

ATMEL

AT89C2051
TYPICAL ICC - ACTIVE {85°C)
20
Vecr 6.0V
1 15 e
[+ //- Vooc=5.0V /
C 10— e
m // Veez3.0v
A S
—-—-_—-_-_________________.
[}
s} 6 12 18 24
FREQUENCY (MHz)
ATB89C2051
TYPICAL 1CC - IDLE (85°C)
3
Veo=6.0V
' —-—-—-—-—-—-_.—______________.
c 2 =
Vee=5.0v
c [
-—-_—_-’__—‘_____________._-
m 1
A S
___"’-——{—/- Vee=3.0V
o] | '
) 3 6 9 12
FREQUEI_'JCY (MHz)
AT89C2051
TYPICAL ICC vs. VOLTAGE- POWER DOWN (85°C})
20
I 15 ]
[+ /
‘ * //
v 5
A /
0 - ——

3.

av

XTAL1 tied to GND for !¢~ {power down)

P1.0and P1.1 = Ve or GND
Lock bits programmed

AT89C2051 emsre———————

4.0V
Vee VOLTAGE

5.0V

6.0V
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Ordering Information

Speed Power : ' :
{MHz} Supply Ordering Code Package Operation Range
12 27Vt 6.0V AT89C2051-12PC 20P3 Commercial
AT89C2051-125C 208 (0°C to 70°C)
AT89C2051-12P) 20P3 | Industrial
ATB9C2051-125i 208 (-40°C to 85°C)
ATBOC2051-12PA 20P3 Automotive
ATBOC2051-128A 7 208 (-40°C to 105°C)
24 4.0Vt0 6.0V ATB9C2051-24PC 20P3 Commercial
ATBOC2051-248C 208 (0°C to 70°C)
AT89C2051-24P! 20P3 Industriat
AT89C2051-24SI 208 {-40°C to 85°C)
' Package Type
t0P3 20 Lead, 0.300" Wide, Plastic Dual In-line Package (PDIP)
108 20 Lead, 0.300 Wide, Plastic Gull Wing Small Qutline (SCIC)

AIMEL
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‘" P6KEG6V8A/440A
® P6KE6VBCA/440CA
TRANSIL™
FEATURES
= PEAK PULSE POWER : 600 W (10/1000us)
=« BREAKDOWN VOLTAGE RANGE :
From6.8Vto 440V,
= UNI AND BIDIRECTIONAL TYPES.
» LOW CLAMPING FACTOR.
« FAST RESPONSE TIME.
= UL RECOGNIZED,
DESCRIPTION
Transi! diedes provide high overvoltage protection DO-15
by clamping action. Their instantaneous response
to transient overvoltages makes them particularty
suited to protect voltage sensitive devices such as
MOS Technology and low voltage supplied IC’s.
ABSOLUTE MAXIMUM RATINGS (Tamb = 25°C)
Symbol Parameter Value Unit
Pep Peak pulse power dissipation (see note 1) Tj initial =Tamp 600 w
P Power dissipation on infinite heatsink Tamp=75°C 5 w
IFsm Non repetitive surge peak forward current Tjinitial =Tamp 100 A
For Unidirectional types. tp=10ms
Tsig Storage temperature range -65to+ 175 °C
Tj Maximum junction temperature 175 °C
TL Maximum lead temperature for soldering during 10s at Smm 230 °C
from case
Note 1 : For a surge greater than the maximum values, the diode will fail in short-circuit.
THERMAL RESISTANCES
Symbol Parameter Value Unit
Rin () Junction-leads 20 *Ciw
Rin (j-a) Junction to ambient on printed circuit. Liead = 10 mm 75 “CIw

February 2003 - Ed: 4B .
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PEKExx

ELECTRICAL CHARACTERISTICS (Tamb = 25°C)

Symbol Parameter I I [
VRM Stand-off voltage. ]
VER Breakdown voltage. VoL VBR
. v, 'V
VoL Clamping voltage. \ / M i F v
IRm Leakage current @ Vrm.
ipp Surge current.
oT Voltage temperature coefficient.
VF Forward Voltage drop.
TYPES Iron @ Viu VErR @ I Ve @ lep | Voo aT [
@ lep
max min | nom l fmax | max | max max | typ
note2 10/1000ps 8/20s note3 | note
- 4_ |
Unidirectional | Bidirectional | pA | V | V | V [ v ImAa|] v { A | v | A }10%c] pF
PEKEGVBA PGKEG.BCA 1000 | 58 |645]| 68 |7.14{ 10 | 105 57 | 13.4 | 298 57 4000
PEKE7V5A PEKE7.5CA 500 | 64 |713]| 75 |788] 1001113} 53 {145 276 6.1 3700
PEKE10A PEKE10CA 10 8551951 10 |105] 1 |145]| 41 [ 186} 215 7.5 |2800
PEKE12A PEKE12CA 5 10211141 12 |126| 1 |16.7| 36 [ 21.7 | 184 7.8 2300
PEKE15A PEKE15CA 1 1268|143 15 |158] 1 |21.2| 28 | 27.2 | 147 8.4 1900
PEKE1BA PEKE18CA 1 153|171 18 (189 1 |25.2| 24 | 325]| 123 8.8 }1600
P6KE22A PE6KE22CA 1 18.61209| 22 |231] 1 {306} 20 | 39.3] 102 9.2 |1350
PEKE24A P6KE24CA 1 2051228 24 |252) 1 |332} 18 | 428 93 9.4 1250
PBKE27A PEKE27CA 1 231]25.7| 27 284} 1 |375]| 16 | 483 | 83 96 (1150
PGKE30A PBKE30CA 1 256|285 30 |315[ 1 |415]|145|535]| 75 97 1075
PEKE33A PBKE33CA 1 282|314} 33 247} 1 |457|13.1| 59 68 9.6 1000
PEKE36A P6KE36CA 1 308|242 36 {378 1 1499] 12 |64.3]| &2 9.9 950
PEKE39A PBKE39CA 1 3331371 39 {4107 1 |539|11.1}[60.7}| 57 10.0 | 900
PGKE47A PEKE47CA 1 402|447 47 {494} 1 {648 93 | 84 48 101 800
PEKES6A PEKESECA 1 478532 56 | 588 1 77 | 78 | 100 | 40 10.3 | 700
PEKEGBA P6KEGBCA 1 58.1|(646] 68 |71.4] 1 92 | 65 | 121 33 104 | 625
PGKEB2A PEKEB2CA 1 701|779 82 |86.1] 1 | 113 | 53 | 146 | 27 10.5 | 550
PSKE100A PEKE100CA 1 |855|950(100 | 105] 1 | 137 | 44 | 178 { 225 106 | 500
P6KE120A PEKE120CA 1 102 | 114 | 120 {126 ] 1 | 165 ) 36 | 212 | 19 10.7 | 450
PSKE150A PEKE150CA 1 126 {143 | 150 j158 ) 1 | 207 [ 29 {265 | 15 § 108 | 400
PSKE180A PEKE180CA 1 154 [ 171 180 | 189 | 1 [ 246 | 24 | 317 | 126} 108 | 360
PEKE200A PEKE200CA 1 1711180 1200 | 210 ) 1 | 274 | 22 | 353 | 11.3| 108 | 350
2/6 ‘yl .
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TYPES e @ Viru Taa ! Voo ? e | Voo ? lep aT C
max min | nom maxj max max max | typ
note2 10/1000pus 8/20us noted |noted
Unidirectionat | Bidirectional pA v v v V ImA]l V A v A |10*rc pF
P6KE220A P6KE220CA 1 188 | 209 j 2201231 | 1 [328| 2 [388 103 10.8 | 330
PEKE250A PGKE250CA 1 213 1237 | 250 [ 263 | 1 | 344 2 (442 9 1 310
P6KE300A P6KEJ00CA 1 256 | 285300315 1 [414| 16 | 529 7.6 1 250
P6KE350A PEKEJS0CA 1 299 | 33213501368 | 1 [482 | 16 | 618 ] 6.5 1" 270
PSKE400A P6KE400CA 1 342|380 400|420 | 1 | 548 | 1.3 | 706 | 5.7 1 360
PEKE440A PEKE440CA 1 376 | 418 1 440 | 462 | 1 [ 603 ] 13 | 776 | 5.2 1 350
Fig 1: Peak pulse power dissipation versus initial
junction temperature (printed circuit board).
%
»ler 100
100 10ps T
80 S
~
) PULSE WAVEFORM 10/100D uw \\
50 fp-ofo----el 60 ~]
: ™
40
0 1
20
1000 ps Tj inktial (*C)
0 1 1 ]
© 20 40 60 BO 100 120 140 160 180 200
Nole2: Pulse tost - tp < 50 ms,

Note 3 : AVer =T - (Ta - 25) - Var(252C).

MNote 4 Vr=0V, F=1MHz. For bidirectional types,
capecitance value s divided by 2.
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Fig. 2 : Peak pulse power versus exponentiaf pulse duration.

Ppp (W)

1E5 |
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Fig. 3 : Clamping voltage versus peak pulse current.

exponential waveform : tp=20ps
tp=1ms————
tp=10ms .............

Ve ™

[~ P6KE 440A ®¥P 7y fnitlal = 28

1000

PEKE 100A
N Y

100

= PEKE 68A L =
- et

|- PEKE 39A = - —
L I }

I L

|
_'PGKEZ?A T L == —

T

PEKE 124
~+-=f
10 = peKE 6VeA = 5

-
T
]
J

pp (A)
1 LilT
0.1 1 10 100 1000

Note : The curves of the figure 3 are specified for a junction temperature of 25 °C before surge.

The given results may be extrapolated for other junction temperatures by using the following formula :
AV (gr) = aT (vpR)) * [Ta -25] »V (BR).

For intermediate voltages, extrapolate the given results.

b1
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Fig. 4a : Capacitance versus reverse applied
voltage for unidirectional types (typical values).

100000 Ll
) =25°C 3
Pg E6Vap F= 1 MHz 7]
! 1
1000 %‘ 5:4”
—-PeKEGaA
_.PSK 200%______;—-
""---..__.__. ]|
100
=S
VR(V} T
10 1 1
1 10 100 500

Fig. 5 : Peak forward voltage drop versus peak
forward current (typical values for unidirectional
types).

Note : multiply by 2 for units with VBR > 220 V.

Irm (A)
([ P— — -
C 7] Initial e e
- 25°C v =S
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7
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i
T}
]
]
1]
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1 1 | !
0 05 1 15 2 25 3 35 4 45 5

Fig. 7 : Relative variation of leakage current
versus junction temperature.
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Fig. 4b : Capacitance versus reverse applied
voltage for bidirectional types (typical values),

C {pF)
10000 R
Tj = 25°C 3
F=1 MHz ]
-PEKEGVaca
1ooom
[ T L L}
i@:EGSCA
e T
100 = =z
VRMV) 1
1 I
01 10 100 500
Fig. 6 : Transient thermal impedance junc-

tion-ambient versus pulse duration (For FR4 PC
Board with L 1gaq = 10mm).
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ORDER CODE
jﬁ KE 100 A RL
600W L—' PACKAGING:
= Ammopack tape
RL =Tape and reel.
BREAKDOWN VOLTAGE
BIDIRECTIONAL

MARKING : Logo, Date Code, Type Code, Cathode Band {for unidirectional types only).

PACKAGE MECHANICAL DATA
DO-15 (Plastic)

REF. DIMENSIONS
¢ > A e ¢ > Millimeters Inches
Min. Max. Min. Max.
A 6.05 6.75 0.238 0.266
T rr—|-——t —_— {1 B 2.95 3.53 0.116 0.139
4LD = C 26 H 1.024 1.220
D 0.71 0.88 0.028 0.035

Packaging : standard packaging is in tape and reel.

Weight=0.4g.

change without notice. This publication supersedes and replaces all information previously supplied.
STMicroelectronics products are not authorized for use es oitical components in life support devices or systems without express written

approval of STMicroelectronics.
The ST logo is a registered trademark of STMicroelectronics
© 2003 STMicroelectronics - Printed in Italy - Al rights reserved.

STMicroelectronics GROUP OF COMPANIES
Australia - Brazil - Canada - China - Finland - France - Germany
Hong Kong - India - Israel - ltaly - Japan - Malaysia - Malta - Moroceo - Singapore
Spain - Sweden - Switzerland - United Kingdom - United States.

http:/www.st.com
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA e e pcument

VHF/UHF Transistors .
NPN Silicon MPSH10

COLLECTOR M PSH 1 1

3 Motorols Preferred Devices
1
BASE
2

EMITTER
MAXIMUM RATINGS 24
Rating Symbol Value Unit
Collector—Emitter Voltage VCEO 25 Vde CASE 29-04, STYLE 2
TO-92 (TO-226AA)
Collector—Base Vahage VcBo 30 Vdc
Emitter—Base Voltage VEBO 3.0 Vdc
Total Device Dissipation @ Tp = 25°C Pp 350 mw
Derate above 25°C 28 mwWrC
Total Device Dissipation @ T = 25°C Po 10 Watts
Derate above 25°C 8.0 mwW/eC
Operating and Storage Junction Ta. Tstg —55to +150 °C
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbot Max Unit
Thermal Resistancs, Junction to Ambient RaJA 357 “Cw
Thermal Resistance, Junction to Case Rajc 125 *CAv
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)
Characteristic | symbol | min [ Max | unit |
OFF CHARACTERISTICS
Collector— Emitter Breakdown Voltage V(BR)CEQ 25 — Vdc
(Ic = 1.0 mAdc, Ig = 0}
Collector—Base Breakdown Voltage V(BR)CBO 30 —_ Vdc
(I = 100 pAdc, Ig = 0)
Emitter—Basa Breakdown Vohtage V(BR)EBO 3.0 —_ Vde
(I = 10 pAdc, I = 0)
Coilactor Cutoff Current IcBO - 100 nAdc
(Vcg=25Vdc. IE=0)
Emitier Cutofl Current lEgO - 100 nAdc
(VER =2.0 Vdc, Ig = Q)

Preferred devices are Motorola recommended choices for fulure use and best overall value.

@ MOTOROLA
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MPSH10 MPSH11

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) (Continued)

{ Cheractetistic | symbot | Win wax [ unit |
ON CHARACTERISTICS
DC Cument Gain hEe 60 — —
(I = 4.0 mAdc, Vg = 10 Vde)
Cofllector— Emitter Saturation Voltage VCE(sat) — 0.5 Vdc
{Ic = 4.0 mAde, Ig = 0.4 mAdc)
Base--Emitter On Voltage VBE(on) —_ 095 vdce
(Ic = 4.0 mAdc, Vo = 10 Vdc)
SMALL-SIGNAL CHARACTERISTICS
Current-Gain — Bangdwidth Product fr 650 — MHz
(Ic = 4.0 mAdc, Vg = 10 Vde, f= 100 MHz)
Collector-Base Capacitance Ccb — 0.7 pF
(Vcp =10 vde, IE=0, f= 1.0 MHz)
Common-Base Feedback Capacitance Ch pF
(Vep=10Vde, IE =0, f= 1.0 MHz) MPSH10 0.35 0.65
MPSH11 0.6 09
Coltector Base Time Constant 'Ce — 9.0 ps
(Ic = 4.0 mAdc, Vg = 10 Ve, f = 31.8 MHz)

Motorola Smalt-Signal Transistors, FETs and Diodes Device Data




MPSH10 MPSH11
PACKAGE DIMENSIONS

24P AND BEYOND DIMENSION I MMM

SECTION X-X
CASE 029-04 Tont mar
vy : calicron

Motorola Small-Signal Transistors, FETs and Diodes Device Data 3




MOTOROLA

Order this document
SEMICONDUCTOR TECHNICAL DATA by MPS2369/D
- ] ]
Switching Transistors
NPN Silicon MPS2369
MPS2369A*
COLLECTOR "Motorola Preferred Device
3
2
BASE
9
EMIMTER
MAXIMUM RATINGS %
3
Rating Symbol Value Unk
Coflector—Emitter Voltage VCEO 15 Vdc CASE 29-04, STYLE 1
TO-92 (TO-226AA)]
Coltector—Emitter Voltage VCES 40 Vde )
Collector—Base Voltage VcBo 40 Vde
Emitter- Base Voltage VEBO 4.5 Vde
Collector Current — Continuous Ic 200 mAdc
Total Device Dissipation @ Ta = 25°C Pp 625 mw
Derate above 25°C 5.0 mwrC
Operating and Storage Junction T), Tatg -551t0 +150 °C
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Ambient RaJa, 200 CwW
ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)
Characteristic l Symbol | Min Typ ] Max ] Unit |
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage(1) V(BR)CEO 15 — — Vdc
(ic = 10 mAde, Ig = 0} MPS52369A
Collector-Emitter Breakdown Voltage V(BR)CES 40 — —_ Vdc
(g =10 pAdc, Vg = 0) MPS2369,A
Collector-Base Breakdown Voltage V(BRICBO 40 — — Vdc
{lc =10 pAdc, Ig = 0) MPS2369,A
Emitter— Base Breakdown Voltage V(BR)EBO 4.5 — — vde
{lg =10 pAdc, Ic = 0) MPS2369,A
Collector Cutoff Current IcBO pAdc
(VcB = 20 Vde, Ig = 0} — —_ 0.4
(VCB =20 Vdc, Ig = 0, T = 125°C) MPS2369,A — — 30
Collector Cutoff Current ICES - — 0.4 nAdc
(VoE = 20 Vde, Vg = 0) MPS52369,A

1. Pulse Test Pulse Width =< 300 us, Duty Cycte = 2.0%.

Preferred devicos are Motorola recommended choices for future use and best overall value.

© Motorolz, Inc. 1996
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MPS2369 MPS2369A

ELECTRICAL CHARACTERISTICS (Ta = 25°C unfess otherwise noted) (Continued)

| Characteristic [ Symbol ] Win ] Typ ] Max | Unit 1
ON CHARACTERISTICS
DC Current Gaint1) hfE —
{ic = 10 mAde, Vo = 1.0 Vde) MPS2365A — — 120
{Ic = 10 mAdc, Vg = 1.0 Vdc, Ta = -55°C) MPS2369 20 — —
(Ic = 10 mAdc, Ve = 1.0 Vdc) MPS2369 40 — 120
(lc = 10 mAdc, VoE = 0.35 Vdc) MPS2369A 40 - —
('c = 10 mAdc, Vg = 0.35 Vdg, Ta = -55°C) MPS2368A 20 —_ -
(ic = 30 mAde, Vg = 0.4 Vdc) MPS2369A 30 — —
{ic = 100 mAde, Vo = 2.0 Vdc) MPS2369 20 —_ —
(ic = 100 mAdc, Vo = 1.0 Vdc) MPS2369A 20 — —_
Coltector—Emitter Saturation Voltage(1) VCE(sat) Vdc
(ic = 10 mAdc, Ig = 1.0 mAdc) MPS2369 - - 0.25
(Ic = 10 mAdc, Ig = 1.0 mAdc) MPS2369A — — 020
(Ic = 10 mAdc, Ig = 1.0 mAdc, Ty, = +125°C) MPS2369A — — 0.30
{Ic = 30 mAdc, Ig = 3.0 mAdc) MPS2369A — — 0.25
{tc = 100 mAdc, Ig = 10 mAdc) MPS2369A — —_ 0.50
Bass—Emitter Saturation Vohage(t) VBE(sat) Vdc
{!c = 10 mAdc, Ig = 1.0 mAdc) MPS2369 0.7 — 0.85
{tc = 10 mAdc, Ig = 1.0 mAdc, Tp = +125°C) MPS2369A 05 — —
{!c = 10 mAde, Ig = 1.0 mAdc, T = —55°C) MPS2369A - - 1.02
{Ic = 30 mAdc, Ig = 3.0 mAdc) MPS2369A — — 1.15
{!c = 100 mAdc, I = 10 mAdc) MPS2369A — — 1.60
SMALL-SIGNAL CHARACTERISTICS
Qutput Capacitance Cobo - _ 40 pF
(Vep=50Vdc, Ig =0, f=1.0MHz) ' MPS2369,A
Smalk-Signat Cument Gain hie 50 —_ —_ -
{ic = 10 mAde, Vg = 10 Vdc, f = 100 MHz) MPS2369.A
SWITCHING CHARACTERISTICS
Storage Time tg — 5.0 13 ns
{Ig1 = B2 = !¢ = 10 mAdc) (Figure 3) MPS2368.A
Tum—On Time ton — 8.0 12 ns
{(Vce = 3.0 Vde, I = 10 mAdc, Igq = 3.0 mAdc)
(Figure 1) MPS2369,A
Turn—Off Time toff - 10 18 ns
(Vo = 3.0 Vde, I = 10 mAdc, Ig1 = 3.0 mAdc,
Ig2 = 1.5 mAdc) (Figure 2) MPS2369,A

1. Pulse Test: Pulse Width < 300 us, Duty Cycle = 2.0%.
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Figure 1, ton Circutt
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Figure 2. tof Circuit
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Figure 3. Storage Test Circult

* Total shunt capacitanca of test jig and connectors.
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MPS2369 MPS2369A
PACKAGE DIMENSIONS

NOTES;
1. DIMENSIONING AND TOLERAHMCING PER ANS]
Yi4.5d, 1002

CONTROLLING DIMENSION: INCH.

. CONTOLR OF PACKAGE BEYOND DIMENSION R

1S UNCONTROLLED.

4. DIMENSION F APPLIES BETWEEN P AND L

DIMENSION D AND J APPLY BETWEEN L AND X
UNCONTROLLED

MINAR L, LEAD DIMENSIOM 1S
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