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ABSTRACT
This thesis presents MODEM design which consists of 2 units ; hardware modem and software

modem. Hardware modem unit is digital to analog converter so called QPSK. For software modem unit ,

modem will be controlled to transmit in this part. The purpose of this thesis is to transmit data between two

computers.
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speed ) MUMAY
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lunsdedoynsrfinesed 2 sfiafimunsalfouldvueiedeinsfmionmsas
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Figure 3.4 An example of a binary haschand signal.
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vﬁmmé’ugq,nauummuﬁ ( Type of binary baseband signals )

Tass lenansauia il 4 szdu

1) Nonreturn to zero (NRZ)
2) Return to Zero (RZ)
¥
3) Phase-encoded (PE), L5436 split phase
4) Multilevel binary (MLB)
fodofvhofryrjog
?olor + pP 1 [ .
NRz-L 0 L

—
b=

I

Polar  } Pz 1 %
NRZL = ——  — Poo A T T T
AT {533 b

Unigoiar  + = R
NRZ-M 0 ————3 - L T ’ — Wl L
Unipolar +m N
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ATMLANANSENAN pulse code  BnBERBIRTBIMINEMHizRtinvesssiudayae  Feddygnd
rlsamnemeisndamiousudmius swursonszuaudunnanfuuauig (magnitude)iuszgnisen
1 unipolar

2 o 9 o <A R L S a oo oW 4 9 s 2
Faasetudwiuie  bipolar  Fenfelidn N IAINSUNTIIYAUNUAILITIAUNTD

Aot A -~ L= 9 o Aa A L) o
nssuafsinssanunonan  uazdnaatuzneladndndussgnunumodynanitnsesinsay amIy

g 1 g o LY 10 L4 ] 4 o é o
fognaluu’t vnavesia 2 friyiymﬂ'mzmmwmmaﬂuuﬂﬂmﬂ?mnmvmqﬁ‘mmﬂ gzl

4 ) o
wspsiuawsal9nsdly threshold reference

- Nonreturn-to-zero pulse code

fing 3 ptiafie NRZ-level (NRZ-L), NRZ-mark (NRZ-M) 1{a& NRZ-space (NRZ-S)

lu NRZL signaling 11y d’fﬂgaﬂ:gmmuﬁwszﬁuﬁqwmﬁﬁﬁmqﬁswiw bit time
interval Tawezldsedudayana 1 5zdude 1 datuzlasn

T4 NRZM 130 NRZ-S signaling Hu gowemalasnezumums/euvessedy

ﬁmutmmv"'ﬁgm?mm bit interval dau‘éﬂﬁmu:maTa%mzxmums"lu'uJ?iausxﬁuﬁmtymﬁgﬂémm bit
interval ~ AMIUNRZ-M li:uﬂ’l‘iLﬂéﬂﬂﬂﬂQizﬁnﬁqjm1mﬁQﬂléuﬂﬂ»1 bit interval zimuAIeTavn 1 uag
s linfEeuszmudaelain 0 iy NRZ-S szasafudwfu NRZM - 01319 NRZ-M uaz NRZ-S fh
pulse code 9% 11T direct correspondence seninssiudaanaas Tadnmiion NRZ-L

NRZ code wgnﬁ%’m‘?mmzaamﬁ’ﬁ"lﬁiﬂm'w mae hifimsdnsiadey ua

w51z NRZ T nnlsznoviidiuinassesrannuazaifl intrinsic clocking %38 error detection 34hill

sl lumsdadeya

- Return-to zero (RZ) pulse code
o 4 o
RZ pulse code szihumss ’JiJ‘l’J"EJium NRZ-L N1 single %50 double frequency clock HI¥1

% intrinsic synchronization
1 4

Unipolar RZ 9zqner¥ et Tasms 19 AND GATE sznin NRZ-L fiudgygnaniim &9
a’/’ a ¥ o o a 1Y o &
TuTadn 0 sxgaunudions ilidad (pulse) uazTadn 1 ssgrunumleHad

Pulse-position Tugiadu (PPM) szladuing /4 nafigaisuduyod bit interval tie

A a Yo o 2 .. 2

vonimelasno  uazldWaduing t/4 neiinana1aues bit interval unuladn 1

Pulse-duration Tuguasu (PDM) ¢ l¥aduina t,/3 dmiuladn o uaziadvng 23 ¢,
dmivulasn 1

Smusasmsveqian itmuain RZ siidasudwesdeyal information rate vl

/2984NRZ  PPM (unit interval = t/4) siisasuSr¥eyauiniu 1/4 NRZ uag PDM #ifi unit interval

¢ o o < o
i £/3 szlidasuSadeyaiiu 13 NRZ
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dmiulaan o
- Phase-encoded pulse codes

- [
11 4 yiinfo Bi-phase L, Biphase-M, Biphase S (tag DM Bi-phase L 13]4 binary phase
<! [
shift keying uaziilinanInms Ex-OR senindieya NRZ-L uaz Adon
. 1 [y o ] a
T biphase-L  MsttfAouszduin odlul #ANeAAN Interval sevnenalasn o lay
— — o o a
agfimsnlaouseduan uiuo szunuladn 1
14 ]
DM (delay modulation) 119A33558n Miller code, Tadn 1 szgAunuAIMTILRouTEHY
s z.:;é a =y 9 z:i @ Y a v 9 5’ 3 Y a 1
vosdayanaiinenatsia uag Ta3no %zgmmumamsLﬂauuizﬂumumauﬂmumﬂu 0 uafilinnou

3 o [} { o
wintiudlu 1 ez lidimsqeuseau
2.4 landunuuBslasiia ( Synchronous modem )

%znn‘l&:mmumiﬁwauammziaﬁﬂﬂmuhmsuaﬂmwxmu PSK 130 QAM
mmumsmTﬂsuﬁimﬂuuuﬁmmmumﬂmmanaﬂ“gﬂuamammummaaﬂuawmmmm -
wmzﬁgﬂua@mngﬂﬁﬂﬂmimﬂumm &4 coherent carrier vzgnfunzavegan v 1ddoya udn
ﬂgeﬂﬁdauwzgﬂffmm’fe;J,auaz‘l%'ﬂ%’ﬂﬂﬁ’fﬂgaﬁ?m%’mu%’ﬂﬂﬁ DTE

msuemm?uuuu PSKezgnlddmuaaundathunata (2400-4800 bps ) NIDIRIZIAY
N1l Qpsk s l¥fiulufunuy 2400 bps Uay 8PSK 9% gn“hmuiummmn 4800 bps QPSK 92
bandwidth efficiency A9 2 bps/Hz azliuaatsnviy 1200 1ag wnBatmaamiiy 1200 Hz 154 Bell
system 201C; 8PSK 923 bandwidth efficiency 1D 3 bps/Hz 2z yoAIsN ( baud rate ) AU 1600 HAL
HUURINS e TiqamIY 1600 Hz 15U Bell system 208A F41%3201C uaz 2084 (il full duplex modem
gruen1319f12995 four-wire private line , 201C 1aZ 208A annsonauluaees two wire dial up HAY
fhuftes Simplex mode whifu

Tudauydalasiramudaga feud 9600 bps uazldmaneganuuy 16-QAM &
9231 bandwidth efficiency 1M1 4 bps/Hz TasTiveasniviiniu 2400 LRSI R TigaIiiY 2400 Hz
(U 209A (H12997 full duplex 4 wire private line , 209 B (142997 2 wire half duplex dial-up

iﬂnmumymiuaucmTﬂsuﬁi’w‘lamuimﬂuuuuawmTﬂiuﬁ daugtiuvveadygn
FeTastioee iU TuAuuuud Tastl smmmﬁmmma.vmTﬂsuﬁqnhmqnuiummmmﬂﬂiuf'msa

Senhmsdauunle Taslasia (isochronous transmission ) AT oyay M i Limegnldiu Tuduuuy

ozEe lagiia
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-ms3alasluaTandiy (Modem Synchronization ) “
v & g4 Ao $ . a { 3
2 RTS/CTS delay thu Tudufidmihiicanz 14 bit pattern Wiety 1 ganignadniu
v ' .. < Y o 4 4o Y Ao
melusison training sequence F99¢ 195113 Tud luduniminisy
° o o 2 o o “ o . o
dwiuTuduanudwn  Teohluesluesdelasifauaz1df incoherent FSK ld
Ao P ] ar a 10_ o v ° | o A A 4 Ao Y Ao o 9/
amadyanawmeiignduasdygauin hiduludeshmsGonnduiui luduiiminiy min
NvTAUATIIEA (scramble ) iag Aanviia ( descramble ) lid1igy
9 o a < =1 =4
GwivTudunudanhunaaas Twduaudage w2ld psk nie QAM  Tagee
ZoemIdunanaNd  ( carrier oscillator ) N1D8NTIBUADAL frequency coherent (7592 phase coherent
o3 - a o o o 3 o < o
&) wesmsmuTudnuuddas s dndiannfissdesddaarennimifidde  ild
& a =Y a . .
Tududeams nesauasuiauas Aauasuidiouay eunilfines lansAndnie larwes (adaptive automatic
equalizer )
yiiavesnrsnogEniazn1sidnsHe ( encoding technique ) witfudmfimuadouves
DniABINITHAZHIUIAIUDA training sequence
» 3
Tums idaananionty wifihndondelns ludu ( clock synchronization ) 9zgn¥i
5 1 .. o 9) [} ' v 9 b 4 9 o o .
Fulusae tmaining sequence TuUazAnIAegluTIIveIMIsHIdoyatIems I¥daygannin ( clocking
¥
information ) AMITAMEANINTIYO TR T H5e Q M309INEIYNYEA bit combiner  daygnudioyn
o Qs a o { ar = { 1 ¥
szginlanengl ( phase-locked loop ) adndyaauim Wasedunnitvesdyganndini i tie
A a o @ A ¥ A 1. 3 Ao ¥ e 4 a £
fiezFendoanunduiu  Taoszdodl transition annwe lugdeyaifudnun fathiRunailgmyud

mnil 1 ¥5e 0 Aasuminounulil Fadesldmsansuda
2.5 msaem e UGN (Modem transmission )
15192 19 RS-232 Anneiiiu serial port

1. myeedoyauuLBFa 1ATIE ( Asynchronous Transmission )
'Y o o o a DRI A Ay A @ -

madneziuesiidgnandnuen o wdeys  ddidedofioduovdouuuluns
° & a o < < o ' 5 '
fmuansnaniia szudtlaymlae Wganauinuudmauiiiqeiu uasudezaailyméneduld ud

A o o M ¢ d @ A o 9 1 £ v 1 o ¢ 9 a do 9/

msdamnenniim bilddusudnfuseameduds  udeelimanuuanieiueguilifissianiia
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2. myaedpyauuuFe InTrie (Synchronous Transmission )
o a o v o do o Ao ¥ Ty ga a ¢
Faanannimediuiy ssduiusiudyaamIuein Taolidssldiasuaunay

a oy ¥ IV ; Y o otact ' 9y
Fatlamelumsuaannil maduiulidimssuveya 2 uuy
2.1 foyaszgminhidhsvia safudygpannim uddeludalaens HAZNIIATUTY

gy &2 o a d" ' L A v E o @ dy 9
ﬂﬂﬂ\?ﬂ\ilﬂTﬁmm1mu1Wﬂ1u00ﬂﬂ11ﬁUﬂ1iQ'Iui’fﬂ.!ﬂlu'lﬂlﬂl‘lniﬂ ﬂ'lﬂ‘ll'liﬂﬁﬁ'mﬁﬂﬂﬂ'ﬁuulﬂuﬂ
Y a d A 2 0 o o o A
f. ﬂ'l‘il'il'ﬁﬂﬁu'ﬂﬂvl'UTW'ﬁ'ﬁ 138 Return to Zero FA9SUITAVAYNY N 35vAUAD+,0,-

Y o o as A o oo VoA - A
9. M THAUVUUN Y NDT ‘Dtlﬂuﬂ‘lil‘ﬁ"liHmmUUSSﬁUﬂﬂJty’lm HABSUATUDINY

14
< 1 @ a
athi 2 hveadayg oA
22 mednsueiidaanennimyewues  uasimznendeyasaoandestiy

o s ¥ & 9 as U ] @ Ao y aa o . .
domnuiidun  Sezldizmsslashudygnaniundidiaeaiadongy ( Digital Prased-
lock-loop ) ttazdoyaildezdoadhsiadae itz ey 15u NRZI

2.6 ANNYYBITBYA (information capacity ) YBIILUUMIAOMNS

Ui InYBIFy Tua (symbols ) Sesenaunsaderuluszuylusianaidn

Hartley’s law
COABxT

C = information capacity (bps)

B = bandwidth T = transmission time
2.7 Shannon limit for information capacity
C=Blog, (1 +S/N)
S/N = Signal to noise power ratio

uaAIn LU F3E NI information capacity fuuuu3aiag S/N ratio

i3 Fadwiu maiiamswegandaanu@dsaeai ¥ lumsdedygnudtaen

1) FSK 2) PSK 3) QAM
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9 o { . 14 ' o H ©
azAd1efuMINegE@aNALA (frequency modulation) sndunadgyIUNUIINITUeg

3 . I o o ~ ~ 4 o g A1 A
@n  (modulating signal ) it Waduuy luuisunuizidludyguesuaoniaoiied

Ve = Veeos [(O,+(£,0) A® )2)t]

v = Vecos [(®,+(£,0A®)2)t]

v = binary FSK waveform

O, = carrier frequency

£ = binary digital modulating signal frequency
Aw = radian difference in output frequency

3

Funeri Output carrier radian frequency ( @, ) szieu Ty HA®)2 uennnil

o A A A 1T e o = - o AAa o =

Sasmsiieumaveenazaznfusa ey Tasdaana luwiEtu eniymenluwd
o ) R y o {a i [~

FSK woaiames aztifu step function 1u frequency domain diedayanaliuniduyn nfdou 01y 1 3e

< @ o A N Y N o [ Y [y

1§ 0 FygnaueninEsKazhousznin 2 aawd Sanmsiffounlaimas sy oA
= a [ < a A - o o . ~

manldoulasmedunn  vsasyn wwiluanuiweadyluanenid 13 binary FSK 9211 UBAITN
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4 Analog
a FSK output
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Analog s
Py A
nput Analog-to-digital L ;
converter o 1
JLIL e
r
Logic 1 v ,\/\/ Mark frequency
Input step
function in
voltage domain
b ov
Logic O Space frequency
Binary
input (¢ 1 0 1 0 1 0 1 0 1 0
(bps! '
i

| { | }

! { | |
! ! | !

!

| !
Anzlog | i
output }

(baud} ! i

fm. mark frequency; f,, space frequency

5N 2.3 uamamsaaiyenoauuylinns Fsk

d
- HUHIAS Y4 FSK

output step
function in
frequency domair

UBRIAIABTYBIFSK zAdufLNegEanesvesrM uaziinezld VCO (voltage-controlled

oscillator)

o/

Y { a {d A a 4 i
Taesanmanasunladuymiis Mgahaiedgyga luud

full ( highest fundamental frequency )
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rest frequency 903 VCO ﬂzgﬂtaﬂﬂﬁﬁ’lﬁﬂéi 1214 mark 18% space frequency
' & - _
IN35131 BFSK lﬂ‘ugﬂlm'ﬂﬂuﬁlﬂﬁﬂ'lillﬂﬂm‘ﬂﬂ’)’lllﬂ f‘T‘ﬂi‘UfN modulation index 11!
FM fiaanso 14 1@ FSK

(modulation index) MI = Aﬂf. = frequency deviation/modulating frequency

FSK
Binary input ————————3 modulator p—————— Analog output

m (VCO) J\

}tbltbltbltb|(bltbithllbilhllbitb;tbl(bl
lnputl‘l of1]ol1]olo 11 olo’o 1]o
b -
: { T T
[ | { t
| T eLqE | Gl 1 T\ b
F=ATENYE SR W\ |
! I : 1
i Highest ! e | i ] |
@dfundamemalm : i | } | I
l | | frequency : 1 M | ! II :
fpm sy i\ e\ |
f=tp/2 | | f=f,/4 ; | {
Pawnl Ny ; Yy I,)! A %) | A\ |
o.npux,fmlf,{fml1,{f,,.,f,:f‘!fm:fm,f,}f,}f‘:f,,{f,

51l 2.4 ua@amanegranuuy PSK

ad A ] A A Aa a o ¥ A & a4 A2
ATUNUINGAVDY modulation index A9 MI NULBUIATNINNTALIVSINAVYUILDTN frequency
. . = o A o 1 o 1 [
deviation azAMWBYOITY UTTIORAVEENAIGIgA 11 HBYANEIVEIBFSK M As il
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ﬁaﬂmqu MSK 943 bit-error performance V19N FSK 5554A1  LLANUBITYAD MSK ABINITINDI
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| continuous
|

| 7\
VALV N AN

Space frequency, f;
1 1/2 cycles of 1500 Hz

R
e

Mark frequency, fm
2 1/2 cycles of 2500 Hz

fm =5 1,/2 =5 (1000/2) = 2500 Hz f, =3 f,/2 = 3 (1000/2} = 1500 Hz
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input = - = - output
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i
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input - + + output
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sin® tx sin(®t = 1/2 cos (M -,)t-1/2 cos (M, +@,)t

cos w t {+90°)

1
1
1
-sin w,t : sin w,t
inary input | Output phase {180°) 1 {0°)
Logic 0 t Logic 1
& 1 -
- ] >
Logic O 180° {
Logic 1 0° .
i
1
(a) !
—cos w1 (~90°)
(b}
cos w,t
i
{
1
i
{
|
+180° @ — — = — — _:. _____ —e 0° Reference
Logic O i Logic 1
1
i
|
1
1
—Cos w1

(c)

g‘lh‘dl 2.9 BPSK modulator :(a) truth table ;(b) Phasor diagram ;(c) constellation diagram
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w2 18uuudinsiiieeiiqa double side band #® £, TauminAS1wea BPSK D double side band
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- N30 5 uiyaas BPSK

sin w1 Balanced Binary

BPSK
modulator LPF data out

input

Y

+

sin w,t

y

Coherent
carrier
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Q 1 Q 1
cos ;.:C( - sméact cos w,t €Os w1+ sin
. 1 1
sin et + 135° sin w1+ 45°
- —sin w t b Si“‘ Wt
B.mary QPSK (0% reference)
input
output
Q 1 phase
6 0 -135°
0 1 -45° a I Q 1
1 0 +135° TCOS W T~ sin w1 —COs W, —cos w_t + sin @t
11 +45° 0 S 0 1
sinw 1 =135 sin w 1 — 45°
{a} )

iQ C€Os W,
[ 4 1 ®
I
1
i
i
i
1
i
-SIEACT 1 S e E ---------- sin w
i
L]
{
Ll
1
& ! °
00 -cos Wt 01
{c)

gﬂﬁ 2.12 (@@ 3 QPSK modulator :(a) truth table ;(b) Phasor diagram s(¢) Constellation diagram
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o hd * o - é
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sin (@ ¢+ 0,) vzumudeyanindnuvas

b

s = V2% Acos(®+0,+0,)
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Power Splitter v 10 dayaard iy QPSK ¥ 118z Q, product detector AT 29937)

FoyainAunne (carrier recovery) 1Ag993 ffaynyrauntunineszad i original transmit carrier oscillator
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A
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4
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1
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1 1
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t
]
B
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input data ! '
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{
1
|
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g‘dﬁ 2.16 Offset keyed PSK ( OQPSK ):(a) block diagram ;(b) bit alignment ;(c) constellation diagram
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31."?] 2.18 1 and Q channel 2 to 4 level converters :(a) F-channel truth table ;(b) Q-channel truth table ;
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|
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gﬂﬁ 2.19 (a) Truth table ;(b) Phasor diagram ;(c) constellation diagram
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Trbit | QIc | Qic , Qi¢ ¢ic , aqic , ac | Qqic Qic
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- inTesFuiyanas SPSK
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converter
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sin wcl 4 4
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in splitter reccvery nn
F——— output

data

Parellel-to-seriat
converter

90°
A  §

cos w .t
§

ol

Q channel . Product 4 -level PAM Ana.lc'og-to‘
> digital Q

detector
converter

7111 2.22 yaaunsBeFudeyans 8 PSK

Power Splitter 9zS10dtyay1as 8PSK. T 1 1Az Q , product detector Uaz 2993 ey

5’ 9 o 14 @ Y a 4? [} o @ A o ya } 4

i idynammgszadedyeudnddulnm  dygw 8 PSK wmdunaumnendanld
o P | 1 @ o o aa

o o imnihidoyaa PAM 4 sefy Fezgdeie dnssudasdygruezindendhidtaea Tay

Roniynlusesdaana 1 Aefia Tuaz ¢ uazldonimlusesdyytu Q floda Quaz  C ud 213

wWasudyaauuinuidhuuueynsueenlaon v uazQ/ c diudeyneynsy

- Sixteen-Phase PSK
=4 Y 9 o = & ~ o [} o '
L'ljumﬂUﬂﬂ'lil‘U'ﬁHﬁllUﬂ M-ary TﬂUiJ M=16 mwxurﬂa’mmww HUANANNU 16 A1, 16

PSK syvhanuiias 4 n Tauwmeniyn ez hinffousuninefiduymnsy 4 Sagnldasluneqaimesd &
¥ "
Huezveammiuumnaiige ity 14 vesdiasnvesdeyayuds

16 PSK 923! angular separation vouaaafuiiiu 22,5 aniumtaszidoul/14

o
[ v 2 o s a (]
+11.25 seviwmsdedeszhid lddya ey
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Bit code Phase Bit code Phase
0000 11.25° 1000 191.25°
0001 33.75° 1001 213.75°
0010 56.25° 1010 236.25°
0011 78.75° 1011 258.75°
0100 101.25° 1100 281.25°
0101 123.75° 1101 303.75°
0110 146.25° 1110 326.25°
o111 168.75° 111 348.75°

(a)
€os w,t
01008 1 €001
0101 ® : € 0010
I
o110 e i € 2001
1
1
(RERY ; € 0000
—sin Wt ——— —————— -i— —————————— sin w t
100C @ X 01111
|
i
1001 } €110
|
1010 ¢ | ¢ 1101
1011e | e1100
~CO0s$ wct
{b)

7111 2.23 1@ 16 PSK :(a) truth table;(b) constellation diagram

2.10 QAM
o an 2 aan o
fumsneqiandygrudineatdeyadsneazgnussyludygraunmsuazivaves

Fyanauwinzngaa
=y Y A 1] z:; 14
8 QAM fhi madlansidhs ey M-ary Tao M = 8 &3 luimiiou 8 PSK asafi 8 QaM lill

a4
YUIANIAIN
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Tchannel | 7.45.4.level PAM | Product
converter modulator
1y A |
3 R
1 Sin w1
3 A
(nput i
outs 1 olilec N Re.’f:-rence , Linear 8-0AM
[ oscillator summer output
4
+90°
iy
&) \ €os Wt
| 2-10-4-level PAM ' product
Q channel converter modulator

31/ 2.24 ua@a Block diagram ¥0un303a9 8 QAM

douandrafisaedaufsisznnedidedaana 8QAM uaz 8PSK ABIAT0I09 8QAM 9

b
ildnamsueganvesresdyanu C M Qiiudunesadiu
[ E 4
doyandnmeziiuiluniily az 3 Ja Taovosdayana I uaz Q sefmuadives PAM

uazvesdyanm C szimuaninauasdidavesosdyana ¢ lilimsn/aousudssinlduunaves

a0

1 o 1 z </ G,Il o 3 L = L)
PAM I(MnU mumvmamoiymuuﬁuwuaqnvﬂmuﬂmmea Tuaz QoY
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T STER W T g oo
T —— RS ™ g v— W

ez,

o e s VR

o o

101 coz Wt 111 (1.848 V)

110 (0.765 V)

=SI0 W 1 b o e e e ———— —~isin wt

Binary
tnput 8QAM output
ailc amplitude phase
000 0765V  -135° Nt ~cos w,t ot
001 1848V —135°
010 0.765 V ~45° (b}
IR 1.848 V ~45°
100 0765V  +135°
101 1.848V  +135° 1014 cos w,t o111
110 0.765V +45° ;
111 1848V +485° i
|
(a} |
§
100 e } ®110
{
!
=SN Wl —— e e b sin w, t
]
i
000e X €010
)
H
i
1
{
!
oo1® ~€0s Lot ¢on

{c)

gﬂﬁ 225 uamuaqmmes‘ 8 QAM : a)truth table ;b)phasor diagram; c) constellatrion
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IR Y R T O T SR A gy

- tuuias Y82 8QAM
~ [] o S 1 o v o = ~ y- 1 o
Uﬂﬁﬂiu‘l)@qaiyq‘nﬂl Iuag Q Uﬂ']ﬂJu 173 lVI'l‘UfNUVIliﬂﬂuwvulﬁﬂvlﬁu'lﬂ"llﬂuﬂﬂ

o 5 14 o 4 ]
8PSK AIHUATIANUGIUGIQA (highest fundamental frequency) uazdanmsnasunamaeiyniisa

i o o Iy (Y ' a do i
i@ (fastest output rate of change) Aimilou 8PSK Whldllueasmuniy £/3 uazohiiuuuiadidiga 7

Y
avINIg
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- 13033 Ud Qe 8QAM
A - A @ o . . =29 J d‘ v o 1-1'
devszmitounsossudaana  8PSK tdeiifouandnnassszaudaaia PAM

T .

= Ys)

101ﬁ7§ﬂ118~1 product detectors uaz'c?ﬂgapm'luuﬁmmﬁwmm analog to digital converter Tﬂﬂﬁﬁiyﬁlﬂm

19175910 I-channel analog to digital converter findia I uaz C uazdyaiauenivym lUu1391n Q-channel

analog to digital converter folia Qe C

Tribit
input

8-QAM
output
phese and
amplitude

e

1
]
0.765 v { 1848V | 0.765 V
-135% & —135° 1

-45° 1 +135° +135° +45°

5N 2.26 uaAaIANNTITHS veIvINatasia e 8 QAM

- 16QAM
’ ¥
Huszun M-ary Taoh M = 16, deyavuduniuiunguas 4 Jauaziurauazvuaves

Tyanumnzideszawsalsunlaouls

1 3
.| 2-10-4-level Balanced
1 converter modulztor
fo/4 .
Sin wet
Y
Binary Reference .
input __>_{ Q JO: 1 Ii’ carrier > Linear | 16-0AM
data oscillator summer output
f 3
90°
f,/4 T
€os Wt
QI J
2-10-4 -fevel _ | Balanced
converter “] modutator

3UW 2.27 ua@a Block diagram ¥8361303 16 QAM
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‘ FoyasuymanhSezgauicllg 4 vesdanar Taedinsnveurazsosdygae:

1w a a o u’: o = o
PIMNY 1/4 ¥93UALN Taolia I ua Q IMUUAVIVDITYYIUNUDIMWNYDY 2 to 4 level converter 4102 1

¥
ez Q vyfmuanng  wasnnmiudaniet PAM a2qufy inphase 162 quadrature carrier TUHAYBINTS

E 4
' o v Y d
yoqan ﬂz"lﬁlmﬁ'w‘n 4 ma""msmmazwaﬂmmiua@mﬂ 91NUY  Linear Summer 9237UBINHN

Binary
T 160AM
: o Q 1 I output
) 0 0 00 0311V -135°
: o 0 0 1 0850V -165°
" 0 0 10 0.311V -45°
F 0 0 A | 0.850 V -16°
0 1 0 0 0850V  -108°
i 0 1 0 1 1161V -135°
i 0 1 1.0 0850V~ -75°
i o 1 101 1161V -45°
3 1 0 0 o 0311V 135°
| 10 0 1 0.850 vV 175°
10 10 0.850 vV 45°
i 0 A AY] 0.850 V 15°
TN 0 0 0.850 V 105°
taY /1 0 1 1161V 135°
| 1 1 10 0.850 V 75°
: 1 1 ! 1.161 V 45°
) {a)
i 1.161 €1101 1100 e
; €1001 1000e
1
{ L —~ — -
}
§ 0001 0000
]
i €0101 0100e

{b)

— w—ooww:

. T o

q’: ] [ o o § ' 1Y J
HAYDINTTNOYPANVBIVNFBIAYRIU [ 1IaT Q M Ideviymiuanaiadiu 16 M

T &110 1li1e
1
]
§
1
i
i
T €1010 1011e
{
1
—————————— -
]
|
f ¢ 0010 00'te
{
1
|
{
1
!
{
+ €010 Ollle

{c)

31]‘71 2.28 16 QAM modulator: a)truth table; b)Phasor diagram; c)constellation diagram
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a ¢
- IUUIAS Y83 16 QAM
o ] @ 1 o 1 9/ a A o 9t
finsnlusosdyana LF,QQ swmnu 1/4 medeyaduymuun luusn 1A

a
|
|

4
[ Y ] o = 3 P A .
voisn Y 1/4 whwesdasuSwesdoyaduym dunaldinmudiugugega highest fundamental
1 o 1 @ [} = & o L4 &
frequency ) lugeadayaa: LI,Q,Q’ swivinfiu 1/8 nihwesiiasvvosdeya FahlianudRugugagaves

PAM i1y 1/8 tiwesdiaisnvesdoyaduyndie

Q= (X sin®,1) (Sin® 1)
=X/2 Cos2TC (£, - £ ) t-X/2 cos2TU (£, + f) t

M ® e mmm e e — e T Y w TWR o v emeP—"

o PAM
210 4 level Batanced
1 converter "] modutator | 2014V
r— 2 sin 4‘.“:1
1022V
i +0821v
' Buary - sin w1
) inpul — Q O'][I;’:
E data :
! L o
i To Q-chennet
i 2-10-4-levet
converter
i 1 o Q e W S It 7019 4@
¥ input !
detz {, 1 0 1 (¢] 3 1 0 1 1 0 1 : 1
Highest
A fundzmental
I'.channet
# { €
data 1,/4 oI = ;/ wquenc)
I-channel
data /4
'
————————————————————————————————— 0.821 v
Lchannel == = — = — = = — ——— e -~ — +0.22V
f PAMIOUL — = — e — = — e o e e - 022v
s e—— -G821V

] ! H

1
l.chznnel | . 1
belanced { ;
modulzaior |
out i 1 t
i [ 1
t

~0821sinc ¢ -0.22 sin w1 0821 sin w1

o T e P T

511 2.29 Bandwidth consideration of a 16 QAM modulator
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d
211 dszansmnvennias
Yo o a an o 2 oo w &
wli¥d sl sufeugtiunvesmsueganuuufaeasunilsdudndunily  Tagey
Fusasdnszninsdasniduiisufuuuulaifigandesnsdmiumsuegan tszinsmn

o o = o = J
Y3 uumﬂﬁ'ﬂzuauea"lacfﬂv 1 13TagUUUIAT

BW efficiency = transmission rate (bps)

minimum bandwidth (Hz)

2.12 msfianamdumimzlu QAM uaz QPSK

v o o Ay Aas A Po ot A o o2y
M31e QAM AU QPSK iluszunidesiilngisun ANTunIeaiuABIMT locally
generated coherent carrier
3 H o & Q o/ ¥
Feniteh¥lunsadrefie squaring loop Tagazgatszyndldiu QAM Falididannnd
o o { 4 ¥ o { o @ { {
73 % ¥0aMaNideonoy 1u 1 quadrature component, PLL Ainhadludamsanuduas99snsoanun
. [ : 1 d v é
VLA narowband filter) NAWA 200, uidtHozfiflymaseiiaal lock-up time 81211 Faerunsa
Tvsauyadiondilymla
Welimdiosnin 73 % ﬂlﬂdﬁﬁ'\mfﬁu largest-power quadrature component 1 QAM
oA Yo A < Vv b4 o s _ ]
wiedlomsfdganundunmzlinnudonsezAodagliuanosaves squaring loop i Tasimudses
o o o w Aea o T - 4 A ~ ]
snfMdenoadoesenigs 4 lumalfiiAesdl bandlimiting (ha¥uLAZARUNIHZIZIATTUAIUNGA
o t . y 4 o o o 9 a A & d o 1 [V
{58071 pattern noise A3 [HuARDIAENfIAY 4 s ldiAeanuaquinTomaraiiiugasd i
Y0 T2

o o Y o A A & ¢ A a
amwmmiQﬁmuq,nmﬂauwmz'lu QAM 138 QPSK f1® Costas loop, (UANDIAUILY

A A Y (] o .
anuaquasemanaiiludas@ununIves /2
2.13 msdlastiavesiyanamrzuas fyanamvm

lumssalsedninmessssuumsfemsuuuanea 519z IfiaSodady
A o a v o & A A St - oA @ A v e & Vo P A
nTosud Iniadu (Ganfelitngmsalinainsimiloudy, vienamuduiiuamamdnnah)
Y o P t act Ao sooa 2 o 4 9 9
1A unafiR I nmMsueganiiilssinsawae laais unes daveya

o A = & A Y a A A A o 2a d'
MOQﬁﬂJﬂJ’lﬂmﬁuW‘szﬂUmiﬂuﬂ@'mWﬂzﬂﬂﬂﬂ'liﬂﬁu‘ﬂ’mz'wﬂsmu (local camer) NIATOITUBIUAITUD
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uazansifumedidamundnnsseadammes imilouiuynedniadosduainiosiunisei

= o @ Y [] v [~ as H a o o
Waalns ludtuuaz Indisuinedmiuszuy  udednlspmudygnaneennneseagaainosvziilu

Z, ()= A, cos 2Ttft +V (D]
Z, (1) = A, cos [2TU £ + V,(D)]
Tab v, fifle Wiener random process #ifl V, = 0 uazmsifasuinlaq (variance) a2y
1 4
v 4 . .
T, Tagi=12,... a2 random process duilee nonstationary Gaussian process mgnn’muﬂ‘luma (0,00

E 4 ] v
Fufumstasuntaaued random process Aitnua anANmMuasEnesadaanes 2 fazilu
E[V,0)-V,0T = ¢/T)+@/T) =t X (THT,)/TT,

[~ 1 - o’/‘ a ‘g £ 9 =y 1 A []
sumunmsnlasunlaniuiisvumuia syl ldheeadamesgnitala

o a ] ] o o $ ' @ 4 o
aunsosnuiaelns ludonaniuen’ld  Jeiufludedimsuann/foudeyaseniniuiie Wiimsaen

s 4
InAavY

Y 4 .
-MINAUNVAAUWING Carrier Recovery
A o A a Aa = o

Wunszurumsiuenierdaananduninededsilinnu Inas unmandesninnn
o Ho 1 4
ganuisula

¥ 0 )

Tumatinmsueganmaraniy JoyaluuBSezgmidisialaldmadyanunauwne
R A = 'y K Y o & Y a da = o %
Mudunziiowzdvegandeyaldodegndes  daygrantumnzdndmianulagunmaraezgng
Ao sufsuiuniunme sy 189 product detector 1BNIZ M1 absolute phase YBIRAUNIHMN
o d = o 4 A 1 q o o @ w o
svldunzdhideiuduiesdosadnild anunmeinTosfunianuInBisuwimada fudyanudieds

1 A Ada Y 9 o A g &

YRAAEEITINAO T NU891995 d TR IUAAUNING (carrier recovery) TUIBA

A WSy PSK 1oz QAM  dyIsinaunIngIzgn suppress 1A 1Na1UGuBQAIADS G4
3 i ] < o v °
vundumnze: himnsoRanu 1@ TaslfiMadongiiimusssum uddeeldeesdnan Squaring loop,

- Y o 4 &
costas loop 39 remodulator Tums flagyguaaunImsauy

- Squaring Loop

FnewhmsfdyaaniumnzAiudmiy BPSK A8 squaring loop
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BPSK
input

vCO

Bandpass o
fitlter — Squarer >

out | g requency

PLL

divider

311 230 uaAId AU TUABH YOI Squaring Loop
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Recovered
carrier

v L 4
BPSK 5uldinezgnnseaudlsnideaes  mInsesdayganiuszan spectral width

o { o . 4 (] o a o W o = {
vosfyasumuisy 1eceived noise)  dnsenfdaaessziiamsveganazaiies luiaf

{ o o ¥ a < <5 {
2 ¥99 A Fyanamvsuazes Tuiintivzgnarmunia Tnamladenqyl & Arudiewiynen veo e

gam13ae 2 uazithuradreBadmiy product detector

- Costas Loop

~

o A o o o 9y v ] A g .
sshaumieuiussnmaiaeadinmdenesidatongy el  tracking loop

yuiu 2 % Tasldnaguussdesdaena 1 az Q fiszandu VCO, ien1uiives VCO niiunud

vasdyananaunzuda  HagMYes I Uag Q YTHAR error voltage iudadauny phase error 18 error

& = v
voltage ‘N‘Bzﬂ')ﬂﬂmﬂﬁ (Haz aNuaveN VvCo "lﬂ

PSK
input

1

I-signal

Y

Balanced
modulator
—»—@-——» LPF
4
sin w t
Error
voltage

Power
splitter veo

Y

+90°

Loop .
filter (9
/

LPF

Balanced
modulator

Q-signal

7111 231 293 fFyanamduminziagliaes Costas loop

Balanced
product
detector



- Remodulator

Fan Audygaein VCo

PSK
input

- Clock recovery

Balanced Balanced
modulator modulator
Sifi wi i T
cos w ‘
1 +90° ;
'y =
VvCO
4
sin 2w 1
Loop |/
filter |*

O

gﬂﬁ 232 'N%iij}’ ”ﬂgnﬁmﬂﬁuwmzuw Remodulator loop

@y Py Aa v o 1 o
luszandvaoaisale, agenndlasludsennasssiunazduilu

9/ v o =y A A o v a o o A '
Fosardrudyananniniiniesfulddelas ludiunToads

'
=
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o Y

3 o 1 1 1 @ 5
220314 loop error voltage (usAs1dIMABUINBY phase error szvindaAHTUA

o 3 =2
flu dartuda



R T H—

. T Y —

T mm W e o TR T n %

e s e e e

37

Data -
in

-

1/2-bit
delay

In

L___> Recovered

clock

{a}

T 1 T 1 T [ T 1 T 11 e

Catz i ! i t ( 1 [T T I (S T I B

l | i i i 1 (R I A | T N Y |

e S T T I TR R T T T S S O T T R

TR T T T S R T AN KN IR O T IO B T S Y A | : [

i 1 + ! + Aol I

Delayed ¢ |yt o ]y ] v | A8 === 1\

data { { { | 1 | : U Vo
' { t ! T | T o Y v o am %

LI T T T T [ R S A B S T A O S N I |

g 11 ¢ 1t

Recovered Lo Corot

clock Loyt tpob

TN T | I T ]

3 141233 (a)Clock recovery ; (b)Timing diagram

Joyansuldvzgadiadly 172 B udni hlnSeuifoviudeyauluases EX-OR

2.14 Differential PSK

= aa sy a ' a0 ‘
dhdnguvuvesmsueganuuuaiaoa Tasndeyaduynuuyluuiszegluglves

Q@

v s $ Ll ‘é Q’I‘ ‘o L. q
amuananvssdyanuunuiitzegluzvewda  Fn1sld sk riuliduiiudedduanuniuwme

= o o

MidaIndisuiudszfaddyanansunldanSsufoutudyanaisumniadaly

- Probability of Error and bit error rate
P(e) flo theoretical (mathematical) expectation U914 bit error rate @MU zuunﬁa
BER 1o empirical (historical) record Y94 bit error performance 934 ¢ ¥BITSVU
amninzihives error ‘azﬂgj‘lugﬂﬂxm carrier to noise power ratio nIoIzesONAD

average energy per bit to noise power density ratio 1a£91UIUYDY possible encoding condition

>
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i

I

| Carrier to noise power ratio (HUSATIEMYBIMAITTUIRAsYO IR MR URIUAUMAY
E

494 thermal noise

N =KTB (watts)

N : thermal noise power

T : temperature (K)

—— 6w

B : bandwidth (Hz)
K : Boltzman’s constant (1.38 x 107 JK)
carrier to noise power ratio C/N = C/KTB (unitless ratio )

. o 4 = : .. .
Energy per bit ﬁawmammm%’agaluuumﬂ ( single bit information )

E, =CT, (J/bit)
T, : time of a single bit = 1/f,
E, =C/f, (J/bit)

Noise Power density fiavesdaynnasuniuiivevea ladiisuruuuuaiag

N, =N/B (W/Hz)

T S ST Rt M g T el mrr: e W S e

N, : noise power density
N : thermal noise power

B :bandwidth

————— - - 37

Energy per bit to noise power density ratio 9¢gnidnfSsufivuszuumsueganuiy

E } 4 . .
Avmeanua 2 sruvtu lunl¥dasinmsdenandulasn1édann

E/N, =(C/N)x(B/f)

oo

- PSK Error Performance
bit error performance ¥9d STUUMINBQENdYAIMAIAsaLLITaRasz AU

vt T

a

FUZITMINYAUU signal state-space diagram  dmSugafuraiufiu ( PSK threshold point )

i p—
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T,=+T/M

P

M : fled 119U signal state
dUszanSnmves PSK uuuiiaamasznlSoumesuny PSK Taomsvinisasadlu eror’

distance § S‘H’i‘ld‘yﬂ 2 YAVU state-space diagram (error distance)

d=(2sin(180/M)) x D
D : fiBusunagagegaueIdayau

13 . . ¥ k)
Wdunahitaszduvesnsuogandgandesaoims E/N, nnfwitoannssuniu
a o A da v Y . o
MUY BITTALNITYBINSUOYPENTIGIND] angular seperation 11BUSTHINAYAN error distance A
A s Yy 9
satinnfesday
o a
QPSK 11 noise perform miiou BPSK (3 dB error distance QN¥AIFHNY 3 dB LIUUINE)

- Differentially Encoded PSK Signals
- =] o a e 4:' d' s 3y A' Y a:i LAl
miaueganuuy Iass uisr durAdins oy ldndunmedredenauyssiudluma
Ujiianinsessuss Ly ldiafassiussnauyssinderiinnuianaramiarany 2 dau As anwAanma
o [] (] Y o A 2 g 1 a P P
marannuesduazaay limiveuvenesfdyanunaunmzduiiudnnudanananinai
rzinTanwNuAanaIenna L iniveuvsvesfdyanunaune 5l
QPSK dayanaisudnnezgnoniids 4 iveusnansueganesnuazawdussdaanui 1Avzgams
3 i ~_ é o o & o o o q
¢w 4 e I 1an1Bigede FeszdiMifannunquinie mduswrudngady 12 tazioudilym
T d’ o 1 1 é
anunquinse Nzdaeyalas PSK igaudisiaiuunanuandenanassnin 2 successive signal %9
PSK AgniFundign differentially encoded Inedoyaszeglugilnadusurmmuiinzoglugiaves
flutes
iveazilimsdeduSeezdesdamsdudoyaddnoauuyluusdeylug)  differential
encoding UAIT4 absolute phase  1A81AAUAAT K+1 absolute phase 324 K Fulua TasduTuaiifacy

df o o w A
Lﬂﬂﬂ’lﬂ']i)ﬂﬂ’)'lijﬂfjlllﬂiﬂ

° o ' P

fmsunsdive quaternary, m’amsfnzgmwmﬂu 2 subsequence A, LD B, uazgnn’h

t 4
ser Tugl 1 waz QW1 Talndsaunisae 1yl
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L= (Ak®Bk) (Ak(_DIkl) +‘(Ak@Bk) (Bk®Qk—1)

Q=488 BDQ, ) +4,DB) A D1,

t 4
<

uUNIAusuTaumsaail

A=) D1+ 1D QD)
B, = (Ik@Qk) (Qk@Qk-l) & (Ik®Qk) (Ik®lk-l)

-Differentially coherent Demodulation of Differentially Encoded PSK signals
msauegantuyTndisuviues PSK o:A8a14 local generation vosnAUNIMES BT
pwlifhfidesmamszSnavesiesnie lifinarfies il idnaurnmsiun
nrsudilyminn 18 Tae e sdyanadisuduntusnmaesniiiad  ded

foyagriinsianuudiresudsan  msdunanumasmamaiaiiniessuezsieli lddeyandy

4
A o/ =) . -
Aunazydailgmanuaguasomauna (phase ambiguity)
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2.15 inAALIA1e ( Packet Radio )
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2.16 TNC ( Terminal Node Controller )
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3.1.2 Nmﬁnﬁﬁmmﬁﬂﬁuwmz 76.8 kHz
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NOTES: 1. Low-level Moduiating Signal. Vyy, assumed in-all cases. Vg is Camier input Voltage.
2.When the output signal contains muitiple frequencies, the gain expression given is for the output amplitude of

each of the two desired outputs, fc + fypg and fC — .
3. All gain expressions are for a single—endad output. Fora differential output connection, multiply each

expression by two.
4. Ry = Load resistance.
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¢ T i5mA)
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{
TCommPortDriver demo
v1.00 15/FEB/1997 First implementation
v1.01 19/APR/1997 Some bug fixes (in the demo)

}
unit MainFrm;
interface

uses
Windows, Messages, SysUtils, Classes, Graphics, Controls,
Dialogs, ExtCtrls, StdCtrls, ComCtrls,ComDrv32, Menus;

Forms,

type
TMainForm = class (TForm)

CommPortDriver: TCommPortDriver;
StatusBar: TStatusBar;
TxMemo: TMemo;
RxMemo: TMemo;
Panel2: TPanel;
Panel3: TPanel;

ClrInMemo: TButton;
ClrOutMemo: TButton;
SetDTRBtn: TButton;
ClxrDTRBtn: TButton;
SetRTSBtn: TButton;
ClrRTSBtn: TButton;

ConnectBtn: TButton;
DisconnectBtn: TButton:;
QuitBtn: TButton;

MainMenul:

TMainMenu;

TNC1l: TMenultem;

CallSignl:

TMenultem;

N1l: TMenultem;
N2: TMenultem;
N3: TMenultem;
N4: TMenultem;
N5: TMenultem;
N6: TMenultem;
N7: TMenultem;
check: TLabel;
Current: TLabel;
Former: TLabel;
PMsl: TMenultem;
N8: TMenultem;
N9: TMenultem;
N10: TMenultem;
N1l: TMenultem;
BBS1l: TMenultem;
Panell: TPanel;

procedure
procedure
procedure

QuitBtnClick(Sender: TObject):

TxMemoKeyPress (Sender: TObject; var Key: Char):
CommPortDriverReceiveData (Sender: TObject; DataPtr:

Pointer; DataSize: Integer);

procedure ConnectBtnClick(Sender: TObject):
procedure DisconnectBtnClick(Sender: TObject);
procedure BaudRateRGClick(Sender: TObject):
procedure DataBitsRGClick(Sender: TObject):;

procedure
procedure

ParityRGClick(Sender: TObject):;
HandshakingRGClick(Sender: TObject);
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procedure ComPortRGClick(Sender: TObject);
procedure ClrInMemoClick(Sender: TObject);
procedure ClrOutMemoClick(Sender: TObject);
procedure SetDTRBtnClick(Sender: TObject);
procedure ClrDTRBtnClick(Sender: TObject):
procedure SetRTSBtnClick(Sender: TObject):
procedure ClrRTSBtnClick(Sender: TObject);
procedure ChatClick(Sender: TObject);
procedure N1Click(Sender: TObject);
procedure N3Click(Sender: TObject);
procedure N4Click(Sender: TObject);
procedure N6Click(Sender: TObject);
procedure PMslClick(Sender: TObject);
procedure N8Click(Sender: TObject):;
procedure N10Click(Sender: TObject);
procedure N11Click(Sender: TObject):
procedure BBS1Click(Sender: TObject);
procedure N7Click(Sender: TObject):

private
procedure ApplyCommSettings;

public

end;

var
MainForm: TMainForm;

implementation

uses time, Meter, ClSgn, Connct, listlet, mailbx, nears, wrtlet;

{$SR *.DFM}

procedure TMainForm.QuitBtnClick(Sender: TObject);
begin

Close;
end;

procedure TMainForm.TxMemoKeyPress(Sender: TObject; var Key: Char);
var s: string;
begin
if CommPortDriver.Connected then
// Commit data only when RETURN key is pressed
case Key of
#13: if TxMemo.Lines.Count>0 then
begin
s := TxMemo.Lines [TxMemo.Lines.Count-1];
CommPortDriver.SendData{ pchar(s), length(s) );
CommPortDriver.SendData( @Key, 1 );
end
else CommPortDriver.SendData( @Key, 1 }:
end;
end;

procedure TMainForm.CommPortDriverReceiveData (Sender: TObject;
DataPtr: Pointer; DataSize: Integer):;

var p: pchar;

s: string;

FormerLines:integer;

a,b:boolean;
begin

check.caption:='shaking';
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// Get current line
if RxMemo.Lines.Count <> 0 then

s := RxMemo.Lines[RxMemo.Lines.Count-1]
else
s = '";

// Parse incoming text
p := DataPtr;
while DataSize > 0 do

begin
case p” of
#10:; // LF
#13: // CR - cursor to next line
begin
if RxMemo.Lines.Count <> 0 then
RxMemo.Lines [RxMemo.Lines.Count-1] := s
else
RxMemo.Lines.Add( s ):;
RxMemo.Lines.Add( '' );
s = '7;
end;

#8: // Backspace - delete last char
delete( s, length(s), 1 ):
else // Any other char - add it to the current line
s := s + p*;
end;
dec( DataSize ):
inc( p );

end;
// If current line isn't empty
if (s<>'') then

if RxMemo.Lines.Count <> 0 then
// Update current line
RxMemo.Lines [RxMemo.Lines.Count-1] := s
else
// New line - add it
RxMemo.Lines.Add{( s );
RxMemo.Update; A
check.caption:=s;
Current.caption:=inttostr (Rxmemo.lines.Count-1);
FormerLines:=Rxmemo.lines.Count-1;
repeat
begin
dec (FormerLines) ;
end;
if length (RxMemo.Lines[FormerLines])<=6 then b:=true
b:=false;
until b=true;
Former.caption:=inttostr (FormerLines);
end;

else

procedure TMainForm.ConnectBtnClick(Sender: TObject);

var
v:string;
begin
// Apply settings '
ApplyCommSettings;
// Connect
if CommPortDriver.Connect then
begin
ConnectBtn.Enabled := false;
DisconnectBtn.Enabled := true;
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StatusBar.SimpleText := 'Connected';
//TxMemo. SetFocus;

end

else // Error !
begin

StatusBar.SimpleText := 'Error: could not connect. Check COM port

settings and try again.';
MessageBeep( 0 )
end;
vi="'v'+#13;
CommPortDriver.SendData (pchar (v),length(v)):

end;

procedure TMainForm.DisconnectBtnClick(Sender: TObject);

begin
StatusBar.SimpleText := 'Disconnected’;
CommPortDriver.Disconnect;
DisconnectBtn.Enabled := false;
ConnectBtn.Enabled := true;

end;

procedure TMainForm.BaudRateRGClick(Sender: TObject):
begin

end;

procedure TMainForm.DataBitsRGClick(Sender: TObject);
begin

end;

procedure TMainForm.ParityRGClick(Sender: TObject);
begin

end;

procedure TMainForm.HandshakingRGClick(Sender: TObject);
begin

end;

procedure TMainForm.ComPortRGClick(Sender: TObject):
begin

// RApply com settings

//ApplyCommSettings;
end;

procedure TMainForm.ApplyCommSettings;
var wasConnected: boolean;
begin
wasConnected := CommPortDriver.Connected;
// This change needs CommPortDriver not connected
if wasConnected then
DisconnectBtnClick( nil );

CommPortDriver.ComPort :=TComPortNumber (ord (Para.ComPortRG.ItemIndex)) ;

Para.BaudRateRGClick( nil };
Para.DataBitsRGClick{( nil };
Para.ParityRGClick( nil };
Para.HandshakingRGClick({ nil ):
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// Reconnect .
if wasConnected then
ConnectBtnClick( nil );
end;

procedure TMainForm.ClrInMemoClick (Sender: TObject);
begin

RxMemo.Lines.Clear;
end;

procedure TMainForm.ClrOutMemoClick(Sender: TObject);
begin

TxMemo.Lines.Clear;
end;

procedure TMainForm.SetDTRBtnClick(Sender: TObject);
begin

CommPortDriver.ToggleDTR( true );
end;

procedure TMainForm.ClrDTRBtnClick(Sender: TObject);
begin

CommPortDriver.ToggleDTR( false );
end;

procedure TMainForm.SetRTSBtnClick (Sender: TObject);
begin

CommPortDriver.ToggleRTS( true );
end;

procedure TMainForm.ClrRTSBtnClick(Sender: TObject) :
begin

CommPortDriver.ToggleRTS( false ):
end;

procedure 'TMainForm.ChatClick (Sender: TObject);
var
a: string:;

begin
a:='v'+#13;
if CommPortDriver.Connected then
begin
CommPortDriver.SendData (pchar(a),length(a));
end;
end;

procedure TMainForm.N1Click(Sender: TObject);
begin

Para.show;
end;

procedure TMainForm.N3Click(Sender: TObject);
begin

connect.show;
end;

procedure TMainForm.N4Click(Sender: TObject);
var
c:string;
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begin
c;='Disconnected'+#13;
CommPortDriver.SendData (pchar (c),length(c));

end;

procedure TMainForm.N6Click(Sender: TObject);
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var
b:string;
numcheck:integer;
begin
b:="1"+#13;
CommPortDriver.SendData (pchar (b), length(b)):
letter.show;
repeat
begin
numcheck:=length (check.caption);
end
until numcheck<6 ;

end;

procedure TMainForm.PMslClick(Sender: TObject);
var

a:string;
begin

a:="'PMs ON'+#13;

CommPortDriver.SendData (pchar(a),length(a));
end;

procedure TMainForm.N8Click(Sender: TObject):
begin

settime.show;
end;

procedure TMainForm.N10Click(Sender: TObject):
begin

CallSign.show;
end;

procedure TMainForm.N11Click(Sender: TObject):
begin

Mailbox.show;
end;

procedure TMainForm.BBS1lClick(Sender: TObject);
begin

NearBBS.show;
end;

procedure TMainForm.N7Click(Sender: TObject);
begin .
writelet.show;
end;

end.
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unit Clsgn;

interface .

uses

Windows, Messages, SysUtils, Classes, Graphics,

Dialogs,
StdCtrls, Buttons;

type
TCallSign = class(TForm)
Editl: TEdit;
Labell: TLabel;
BitBtnl: TBitBtn;
Label2: TLabel;

procedure BitBtnlClick(Sender:

private

{ Private declarations }
public

{ Public declarations }
end;

var
CallSign: TCallSign;

implementation
uses MainFrm;

{SR *.DFM}

procedure TCallSign.BitBtnlClick(Sender: TObject);

var

d:string;

begin
Label2.caption:=Editl.text;

TObject);

d:="MYcall '+ Label2.caption+#13;
MainForm.CommPortDriver.SendData (pchar (d),length(d)):;

Close;
end;

end.

Controls,

Forms,
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unit Connct;
interface

uses

Windows, Messages, SysUtils, Classes, Graphics,
Dialogs,

StdCtrls, Buttons:;

type
TConnect = class (TForm)
Editl: TEdit;
Labell: TLabel;
BitBtnl: TBitBtn;
Label2: TLabel;
procedure BitBtnlClick(Sender: TObject):

private
{ Private declarations }
public
{ Public declarations }
end;
var

Connect: TConnect;
implementation
uses MainFrm;
{$R *.DFM}

procedure TConnect.BitBtnlClick(Sender: TObject):;
var
e:string;
begin
Label2.caption:=Editl.text;
e:='Connect '+ Label2.caption+#13;

Controls,

MainForm.CommPortDriver.SendData (pchar (e),length(e));

Close;
end;

end.

Forms,
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unit listlet;
interface

uses

Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms,

Dialogs,
StdCtrls, Menus, Grids, ComDrv32;

type
TLetter = class(TForm)

Buttond4: TButton;
ScrollBoxl: TScrollBox;
LetList: TListBox;
GroupBoxl: TGroupBox;
Button2: TButton;
Buttonl: TButton;
Button3: TButton:
Button5: TButton;
CommPortDriverl: TCommPortDriver;
Labell: TLabel;
Label2: TLabel;
Label3: TLabel;
procedure FormShow(Sender: TObject):
procedure Button4Click (Sender: TObject):
procedure Button2Click(Sender: TObject);
procedure LetListClick(Sender: TObject);
procedure Button5Click(Sender: TObject);
procedure ButtonlClick(Sender: TObject):;
procedure Button3Click(Sender: TObject);

private
{ Private declarations }
public
{ Public declarations }
end;
var

Letter: TLetter;
implementation
uses MainFrm, Unitl, Reading, wrtlet, listlet;
{SR *.DFM}

procedure TLetter.FormShow(Sender: TObject);
var

LineCount:integer ;

Formlines, CurrentLines, Diff,AddLines:integer;
begin

end;

procedure TLetter.Buttond4Click(Sender: TObject):
var
LineCount:integer ;
FormLines, Currentlines, Diff,AddLines:integer;
begin
LetList.Clear;
FormLines:=strtoint (Mainform.former.caption);
CurrentlLines:=strtoint (MainForm.current.caption);
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AddLines:=FormLines+1l;
Diff:=CurrentlLines-FormLines-4 ;
for LineCount:=1 to Diff+l do
begin
LetList.Items.Add (MainForm.Rxmemo.lines[AddLines]):;
AddLines:=Addlines+1;
end;
buttonl.enabled:=true;
button2.enabled:=true;
button3.enabled:=true;
Letlist.itemindex:=1;
end;

procedure TLetter.Button2Click(Sender: TObject);
var
s,numstr,wantread, b, times, too, subject, from, linesfrom, linesto,linestimes, 1
inessubject:string;
long,numint, formerlines,Wow:integer;
LineCount:integer ;
FormLines,CurrentLines,Diff,AddLines:integer;
begin
mainform.Current.caption:=inttostr (mainform.Rxmemo.lines.Count~1);
FormerLines:=mainform.Rxmemo.lines.Count-2;
repeat A
label3.caption:=mainform.RxMemo.Lines [FormerLines];
begin
FormerLines:=Formerlines-1;
label2.caption:=inttostr (formerlines);
end;
until mainform.RxMemo.Lines|[FormerLines]='cmd:'+labell.caption;
mainform.Former.caption:=inttostr (FormerLines) ;
FormLines:=strtoint (Mainform.former.caption) ;
CurrentLines:=strtoint (MainForm.current.caption) ;
AddLines:=FormLines+1l;
Diff:=CurrentLines-FormLines ;
for LineCount:=1 to Diff-1 do
begin
Readlet.letterl.lines.Add (MainForm.Rxmemo.lines [AddLines]):;
AddLines:=Addlines+1;
end;
from:="'";
too:=""
subject
times:="";
linesfrom:=readlet.letterl.lines[3]:;
linesto:=readlet.letterl.lines(2];
linessubject:=readlet.letterl.lines[6];
linestimes:=readlet.letterl.lines{1]:;
for Wow:=9 to length(linesfrom) do

11,
’
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begin
from:=from+linesfrom[Wow] ;
end;
for Wow:=9 to length(linesto) do
begin
too:=too+linesto[Wow];
end;
for Wow:=9 to length(linestimes) do
begin
times:=times+linestimes [Wow];
end;

for Wow:=9 to length{(linessubject) do
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begin

subject:=subject+linessubject [Wow];

end;

readlet

readlet

readlet

readlet

Readlet
end;

.labeld.
.label5.
.labelé6.
.label?9.
.show;

caption

caption:
caption:

caption

:=from;
=too;
=times;
:=subject;

procedure TlLetter.LetListClick(Sender: TObject);

var

s,numstr,wantread,wantreadl:string;

long,numint:integer;

LineCount:integer ;
FormLines,CurrentLines, Diff,AddLines:integer;

begin

:=Letlist.items[Letlist.itemindex];
long:=length(s);
numstr:=s[4]1+s[5];
numint:=strtoint (numstr) ;
Readlet.caption:="'00000000000 ' +numstr;
Readlet.letterl.Clear:;

wantreadl:='r '+inttostr (numint);
wantread:="'r '+inttostr (numint)+#13;

MainForm.CommportDriver.SendData (pchar {wantread), length (wantread)

labell.caption:=wantreadl;

end;

procedure TLetter.Button5Click(Sender: TObject):;

begin

end;

L)
writelet.show;

procedure TLetter.ButtonlClick(Sender: TObject):

var

a,num, numl:string;
x:integer;

begin

num:=labell.caption;
numl:="";
for x:=2 to length(num) do

begin

numl :=numl+num(x];

end;

a:="Kill'+ numl +#13;

Mainform.CommPortDriver.SendData (pchar(a),length{a));

end;

procedure TLetter.Button3Click(Sender: TObject);
var a:string;

begin

a:="KM'+#13;

Mainform.CommPortDriver.SendData (pchar(a),length(a));

end;

end.
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unit Mailbx;
interface
uses

Dialogs,
StdCtrls, Buttons:;

type
TMailBox = class(TForm)
Editl: TEdit; -
Labell: TLabel;
BitBtnl: TBitBtn;
procedure BitBtnlClick(Sender: TObject):;

private
{ Private declarations } !
public
{ Public declarations }
end;
var

MailBox: TMailBox;
implementation
uses MainFrm;

{SR *.DFM}

procedure TMailBox.BitBtnlClick(Sender: TObject):;
var
a:string;
begin
a:="MYP '+editl.text+#13;
MainForm.CommportDriver.SendData( pchar (a), length(a)
Close;
end;
end.

Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms,

):



C— . 7 BT AR T XS T3 o TV

o e TR £ O TR

v

e ]

unit Meter;
interface

uses
Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms,
Dialogs,
StdCtrls, ExtCtrls, Buttons;

type

TPara = class(TForm)
ComPortRG: TRadioGroup:;
BaudRateRG: TRadioGroup;
ParityRG: TRadioGroup;
DataBitsRG: TRadioGroup;
HandshakingRG: TRadioGroup;
BitBtnl: TBitBtn;
procedure ComPortRGClick(Sender: TObject):
procedure BaudRateRGClick(Sender: TObject);
procedure DataBitsRGClick (Sender: TObject};
procedure ParityRGClick(Sender: TObject):
procedure HandshakingRGClick(Sender: TObject):
procedure BitBtnlClick(Sender: TObject);

. private
{ Private declaration5 }
public
{ Public declarations }
end;
var

Para: TPara;
implementation

uses MainFrm;

{$R *.DFM}
procedure TPara.ComPortRGClick(Sender: TObject);
begin
MainForm.CommPortDriver.ComPortSpeed := TComPortBaudRate
(BaudRateRG.ItemIndex+1);
end;

procedure TPara.BaudRateRGClick(Sender: TObject):
begin
Mainform.CommPortDriver.ComPortSpeed := TComPortBaudRate
(BaudRateRG.ItemIndex+l) ;
end;

procedure TPara.DataBitsRGClick(Sender: TObject):
begin
MainForm.CommPortDriver.ComPortDataBits := TComPortDataBits
(DataBitsRG.ItemIndex) ;
end;

procedure TPara.ParityRGClick{Sender: TObject):;
begin
MainForm.CommPortDriver.ComPortParity := TComPortParity
(ParityRG.ItemIndex);
end;
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procedure TPara.HandshakingRGClick(Sender: TObject);

begin

case HandshakingRG.ItemIndex of

0: // none
begin
MainForm.CommPortDriver
MainForm.CommPortDriver
end;
1: // RTS/CTS
begin
MainForm.CommPortDriver
MainForm.CommPortDriver
end;
2: // XON/XOFF
begin
MainForm.CommPortDriver

MainForm.CommPortDriver
end; ,
3: // RTS/CTS + XON/XOFF
begin

.ComPortHwHandshaking
.ComPortSwHandshaking

.ComPortHwHandshaking
.ComPortSwHandshaking

.ComPortHwHandshaking

.ComPortSwHandshaking :

MainForm.CommPortDriver.ComPortHwHandshaking
MainForm.CommPortDriver.ComPortSwHandshaking

end;
end;
end;

procedure TPara.BitBtnlClick(Sender: TObject):

begin
close:;
end;

end.

:= hhNone;
:= shNone;

:= hHRTSCTS;
:= shNone;

hhNone;
shXONXOFF;

I

:= hhRTSCTS;
:= shXONXOFF;
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unit nears;

interface

uses

Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms,

Dialogs,
StdCtrls, Buttons;

type
TNearBBS = class (TForm)
Editl: TEdit;
BitBtnl: TBitBtn;
Labell: TLabel;

procedure BitBtnlClick(Sender:

private

{ Private declarations }
public

{ Public declarations }
end;

var
NearBBS: TNearBBS;

implementation
uses MainFrm;

{$R *.DFM}

procedure TNearBBS.BitBtnlClick(Sender: TObject):

var
a:string;

begin
a:="HOME '+editl.text+#13;

MainForm.CommportDriver.SendData( pchar(a), length(a) );

Close;
end;

end.

TObject) ;
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unit Reading;
interface

uses
Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms,
bialogs,
StdCtrls, ExtCtrls;

type
Treadlet = class (TForm)
letterl: TMemo;
Panel2: TPanel;
Labell: TLabel;
Label2: TLabel;
Label3: TLabel;
Label4: TLabel;
Label5: TLabel;
Label6: TLabel;
Label7: TLabel;
Label8: TLabel;
Label9: TLabel;
procedure FormCreate (Sender: TObject):;
procedure FormShow (Sendexr: TObject);
procedure FormClose (Sender: TObject; wvar Action: TCloseAction):
private
{ Private declarations }
public
{ Public declarations }
end;

var
readlet: Treadlet;

implementation

uses MainFrm, listlet;

{SR *.DFM}

procedure Treadlet.FormCreate (Sender: TObject);
begin

end;

procedure Treadlet.FormShow(Sender: TObject):;
begin

end;

procedure Treadlet.FormClose(Sender: TObject; var Action: TCloseAction);

var
a:string;
begin
letter.letlist.clear;
a:="1"+#13;
mainform.commportdriver.Senddata(pchar(a), length(a)):
end;
end.
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unit time;
interface

uzes
Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms,
bialogs, .
StdCtrls, Buttons:

type
TSetTime = class (TForm) ,

Labell: TLabel;
Label2: TLabel;
Label3: TLabel;
Label4: TLabel:;
Label5: TLabel;
BitBtnl: TBitBtn;
Month: TComboBox;
Date: TComboBox;
Editl: TEdit;
year: TComboBox;
Hour: TComboBox:
Label6: TLabel;
procedure BitBtnlClick(Sender: TObject);

private
{ Private declarations }
public
{ Public declarations }
end;
var

SetTime: TSetTime;
implementation
uses MainFrm;
{$R *.DFM}

procedure TSetTime.BitBtnlClick(Sender: TObject);
var
time:string;
begin
Label6.caption:=inttostr (Month.itemindex+1);
if length(Label6.caption)<2 then Label6.caption:='0"'+inttostr
(Month.itemindex+1) ;
time:='DAYTIME '+year.items[year.itemindex]+ label6.caption +
Date.items[Date.itemindex]+hour.items [hour.itemindex]+editl.text+#13;
Label6.caption:=time;
MainForm.CommportDriver.SendData( pchar(time), length(time) )
close;
end;

end.
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unit wrtlet;
interface

uses

Windows, Messages, SysUtils, Classes,
Dialogs,

StdCtrls, ExtCtrls:;

type
Twritelet = class (TForm)

Panell: TPanel;
Labell: TLabel;

subj: TLabel;

Editl: TEdit;

Memol: TMemo;

Buttonl: TButton;
Button2: TButton;
Button3: TButton;

Graphics,

procedure Button2Click(Sender: TObject):;
procedure Button3Click(Sender: TObject):
progedure ButtonlClick(Sender: TObject):

private

{ Private declarations }
public

{ Public declarations }
end;

var
writelet: Twritelet;

implementation
uses MainFrm;

{$R *.DFM}

procedure Twritelet.Button2Click (Sender:

begin
memol.clear;
end;

procedure Twritelet.Button3Click(Sender:

begin
editl.clear;
memol.clear;
close;

end;

procedure Twritelet.ButtonlClick(Sender:

var
sp,sub,mes,endd:string;
c:integer;

begin
sp:="sp'+#13;

TObject) ;

TObject) ;

TObject) ;

Controls,

MainForm.CommPortDriver.SendData( pchar(sp),length{(sp) );

sub:=editl.text+#13;

MainForm.CommPortDriver.SendData( pchar (sub),length (sub)

for ¢:=1 to memol.lines.count do
begin

Forms,

)
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mes:=memol.lines[c-1]1+#13;
MainForm.CdmmPortDriver.SendData( pchar (mes), length(mes) );
end;
endd:="'/ex"+#13;
MainForm.CommPortDriver.SendData( pchar(endd),length(endd) ):
close;
end;

end.
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@ MOTOROLA

Balanced Modulators/
Demodulators

These devices were designed for use where the output voltage is a
product of an input voltage (signal) and a switching function (carrier). Typical
applications include suppressed carrier and amplitude modulation,
synchronous detection, FM detection, phase detection, and chopper
applications. See Motorola Application Note AN531 for additional design
information.
® Excellent Carrier Suppression —65 dB typ @ 0.5 MHz

-50dB typ @ 10 MHz
# Adjustable Gain and Signal Handling
® Balanced Inputs and Outputs

® High Common Mode Rejection —85 dB typical

This device contains 8 active transistors.

“ \ A | Figure 1. Suppressed
‘ Carrier Output

Waveform

Figure 2. Suppressed
Carrier Spectrum

Order this document by MC1496/D

MC1496, B

BALANCED
MODULATORS/DEMODULATORS

SEMICONDUCTOR
TECHNICAL DATA

D SUFFIX
PLASTIC PACKAGE
CASE 751A
(SO-14)

.

1

P SUFFIX
PLASTIC PACKAGE
CASE 646

PIN CONNECTIONS
o

Signal Input E E] VEE
Gain Adjust [ 2 [13] NiC
Gain Adjust [ 3 E Output
SignalInput [ 4] [11] niC
Bias E E Carrier Input
Output | 6 s ]ne
NIC [_7__ E Input Carrier
ORDERING INFORMATION
Operating
Device Temperature Range Package
MC1496D SO-14
ey B T
MC1496BP | Ta = —40°C 10 +125°C| Plastic DIP

Figure 3. Amplitude
Modutlation Output
Waveform

Figure 4. Amplitude-Modulation Spectrum

© Motorola, Inc. 1996
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|
MAXIMUM RATINGS (TA = 25°C, unless otherwise noted.) -

i Rating Symbol Value Unit
Appiied Voitage av 30 Vde
(V_ -V8,V10-V1,V12-V8,V12-V10,V8 - V4,
V8 -V1,V10-V4,V6 - V10, V2 - V5, V3 - V5)
Differential Input Signal v8 -V10 +5.0 Vde
! V4-V1 | +5+I5Re)
Maxi'num Bias Current I5 10 mA
Thermal Resistance, Junction—to-Air ReJA 100 ‘CW
Pl?mic Dual In-Line Package
Ope'Faﬁng Temperature Range TA 010 +70 °C
Storhge Temperature Range Tstg —6510 +150 | °C

NOTé!: ESD data available upon request.

ELECTRICAL CHARACTERISTICS (VGG = 12 Vde, VEE = -8.0 Vdc, 15 = 1.0 mAdc, R|_ = 3.9 kQ, Re = 1.0 kQ, Ta = Tjow t0 Thigh,
all inpgut and output characteristics are single—ended, unless otherwise noted.)

H Characteristic ) Fig. Note Symbol Min Typ Max Unit
Carrier Feedthrough 5 1 VCET uVvrms
VEC = 60 mVrms sine wave and fc=1.0kHz - 40 -
"offset adjusted to zero fc=10MHz - 140 -
VG = 300 mVpp square wave: mvmms
ofiset adjusted to zero fc=1.0kHz - 0.04 0.4
!oﬁset not adjusted ic=1.0kHz X 20 200
Cagier Suppression 5 2 Vcs dB
f§ = 10 kHz, 300 mVrms
[ fc = 500 kHz, 60 mVrms sine wave 40 65 -
fc = 10 MHz, 60 mVrms sine wave - 50 - k
Transadmitiance Bandwidth (Magnitude) (R = 50 Q) 8 8 BW34B MHz
arrier Input Port, Vg = 60 mVrms sine wave - 300 -
fg = 1.0 kHz, 300 mVmns sine wave
Signal (nput Port, Vg = 300 mVms sine wave - 80 -
Wcl=05Vde
Siﬁnal Gain (Vg = 100 mVrms, f = 1.0 kHz; IV¢l= 0.5 Vdc) 10 3 Ays 25 3.5 - VIV
Sifjgle-Ended Input Impedance, Signal Pon, f= 5.0 MHz 6 -
Parallel Input Resistance fip - 200 - kQ
Parallel input Capacitance Cip - 2.0 - pF
Sifug|e—Ended Output Impedance, f= 10 MHz 6 -
Paratlel Output Resistance Top - 40 - kQ
[Parallet Output Capacitance Coo - 5.0 - pF
lnfut Bias Current 7 - A
[ - 12 30
_1+ 14, _i8 + 110 : bS
bs="2 bc=" 2 IbC - |12 | 20
input Offset Current 7 = uA
Jios = 11-14; lioc = 18-110 llies | - 07 | 7.0
’ lioc! - 07 | 7.0
A:verage Temperature Coefficient of Input Ofiset Current 7 - ITClio | - 2.0 - nArC
L(‘I' A = —55°C 10 +125°C)
Gutput Ofiset Current (16-i9) 7 - loo ! - 14 80 uA
Ailerage Temperature Coefficient of Qutput Offset Current 7 - [TCio0| - 20 - nArC
(Ta = ~565°C t0 +125°C)
Common-Mode Input Swing, Signal Port, fg = 1.0 kHz g 4 CMV ~ 5.0 - Vpp
Céommon—Mode Gain, Signal Port, fg = 1.0 kHz, IVci= 0.5 Vde 9 - ACM - -85 - daB
C::ommon~Mode Quiescent Qutput Voltage (Pin 6 or Pin 9) 10 - Vout - 8.0 - Vpp
Differential Output Voltage Swing Capability 10 - Vout - 8.0 - Vpp
Rower Supply Current 16 +112 7 6 I - 20 | 40 mAdc
i 114 IEE - 3.0 5.0
[E)C Power Dissipation 7 5 Pp - 33 - mw

MOTOROLA ANALOG IC DEVICE DATA
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' GENERAL OPERATING INFORMATION

Carria} Feedthrough

Carrier feedthrough is defined as the output voltage at
carrier frequency with only the carrier applied (signal
voltage = 0).

Carrier null is achieved by balancing the currents in the
differehtial amplifier by means of a bias trim potentiometer
(R1 of Figure 5).

Carrie‘r Suppression

Cafrier suppression is defined as the ratio of each
sideband output to carrier output for the carrier and signal
voltage levels specified.

Camer suppression is very dependent on carrier input
level, ‘as shown in Figure 22. A low value of the carrier does
not fully switch the upper switching devices, and results in
Iowerfsignal gain, hence lower carrier suppression. A higher

than optimum carrier level results in unnecessary device and |

circuit carrier feedthrough, which again degenerates the
suppression figure. The MC1496 has been characterized
with a 60 mVrms sinewave carrier input signal. This level
provides optimum carrier suppression at carrier frequencies
in the vicinity of 500 kHz, and is generally recommended for
balanced modulator applications.

Cdrrier feedthrough is independent of signal level, Vs.
Thus carrier suppression can be maximized by operating
with large signal levels. However, a linear operating mode
must be maintained in the signal-input transistor pair — or
harmonics of the modulating signal will be generated and
appear in the device output as spurious sidebands of the
suppressed carrier. This requirement places an upper limit on
inpu —sognal amplitude (see Figure 20). Note also that an
opbmum carrier level is recommended in Figure 22 for good
carrf.er suppression and minimum spurious sideband
generation.

Alt higher frequencies circuit layout is very important in
order to minimize carrier feedthrough. Shielding may be
necessary in order to prevent capacitive coupling between
the ?arrier input leads and the output leads.

Sighal Gain and Maximum Input Level
Signal gain (single—ended) at low frequencies is defined
as the voltage gain,
Vo RL

A 26 mV
i vs © VS " Rgt2rg

where rg = 15(mA)

A constant dc potential is applied to the carrier input terminals
to fully switch two of the upper transistors “on” and two
transistors “off” (V¢ = 0.5 Vdc). This in effect forms a cascode
dlfferentlal amplifier.

lunear operation requires that the signal input be below a
criical value determined by RE and the bias current 15.

Vs < I5 Rg (Volts peak)

Note that in the test circuit of Figure 10, Vg corresponds to a
maximum value of 1.0 V peak.

Cogmmon Mode Swing

The common—mode swing is the voltage which may be
apphed to both bases of the signal differential amplifier.
without saturating the current sources or without saturating
thé differential amplifier itself by swinging it into the upper

switching devices. This swing is variable depending on the
particular circuit and biasing conditions chosen.

Power Dissipation

Power dissipation, Pp, within the integrated circuit package
should be calculated as the summation of the voltage—current
products at each port, i.e. assuming V12 =V6, 15 =16 = 112
and ignoring base current, Pp = 2 I5 (V6 — V14) + I5)
V5 — V14 where subscripts refer to pin numbers.

Design Equations

The following is a partial list of design equations needed to
operate the circuit with other supply voltages and input
conditions.

A. Operating Current
The internal bias currents are set by the conditions at Pin 5.
Assume:

15=16=112,
Ig < < Ic for all transistors
then :
V-—¢ where: R5 is the resistor between
RS=—p—-500Q Pin 5 and ground

6=0.75atTa = +25°C
The MC1496 has been characterized for the condition
I5 = 1.0 mA and is the generally recommended value.

B. Common-Mode Quiescent Output Voltage

V6=Vi2=V+-15 RL

Biasing
The MC1496 requires three dc bias voltage levels which
must be set externally. Guidelines for setting up these three
levels include maintaining at least 2.0 V collector-base bias
on all transistors while not exceeding the voltages given in
the absolute maximum rating table;
30 Vdc = [(V6, V12) - (V8, V10)] = 2 Vdc
p 30 Vde = [(V8, V10) — (V1, V4)] = 2.7 Vdc
30 Vdc = [(V1, V4) - (V5)] = 2.7 Vdc
The foregoing conditions are based on the following
approximations:
V6= V12, V8=V10,V1 =
Bias currents flowing into Pins 1, 4, 8 and 10 are transistor
base currents and can normally be neglected if extemal bias
dividers are designed to carry 1.0 mA or more.

Transadmittance Bandwidth
Carrier transadmittance bandwidth is the 3.0 dB bandwidth
of the device forward transadmittance as defined by:
_ i (each sideband)
¥21C = 7 vg (signal)

Signal transadmittance bandwidth is the 3.0 dB bandwidth

of the device forward transadmittance as defined by:
_ig (signal)
Y218 7 v (signal)

0o=0

c=05Vdc, Vg =0

OTOROLA ANALOG IC DEVICE DATA
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!
Coupiing and Bypass Capacitors
Capacitors C1 and C2 (Figure 5) should be selected for a
reactahce of less than 5.0 Q at the carrier frequency.

Output Signal

The output signal is taken from Pins 6 and 12 either
batanced or single—ended. Figure 11 shows the output levels
of each of the two output sidebands resulting from variations
in both the carrier and modulating signal inputs with a
singlerended output connection.
Negatz've Supply

VEEg should be dc only. The insertion of an RF choke in
series! with VEE can enhance the stability of the internal
current sources.

-

Signal Port Stability

Under certain values of driving source impedance,
osciflation may occur. In this event, an RC suppression
network should be connected directly to each input using
short leads. This will reduce the Q of the source—tuned
circuits that cause the oscillation.

Signal Input
(Pins1and4) © “5%\’

10 pF

I

An altemate method for low~frequency applications is to
insert a 1.0 kQ resistor in series with the input (Pins 1, 4). In
this case input current drift may cause serious degradation of

carrier suppression.

L
!
4
l TEST CIRCUITS
Figure 5. Carrier Rejection and Suppression Figure 6. Input-Output Impedance
[ Vee
12vd =
J 1.0k 1.0k - Re=1.0k
} T AAA- » W
E = Re 2 3
——AA—g Ry AL 05V, . 8
51 C1 ], m —0
I c 0LigF T 59 10K 33.9k:4 Jl::s.s)k +- 10 o 4V
(iam;r 0.1 IJ-F - 8 4’]9 lé’ ® = 01 MC1496 6 ‘__ZOI.I‘
" Ve ot 2 o *+Vo Zng—= o4 12 Vo
‘g e ol MC1496 ot -V 14 §
Modutating L o4 12 %
4 > < (L <
gl yok2 rok3s1z  Zsr Q14 3° %1
S0k 5
{ o 1 t110'5 368k -8.0 Vde
B Rt 4 3 WAL
e -8.0Vde NOTE: Shielding of input and output leads may be needed
VEE to properly perform these tests.

Figure 7. Bias and Offset Currents

Vee
12 Vde
®

320k

I 1.0k

Figure 8. Transconductance Bandwidth

Vee
10k : 1.0k » 12'Vdc
L $
et l R $20k y
0.1 uF § 1.0k%> 0.01
Carier I 8l 3 3&50:250 T wF
Input 0.1\;le T . ] .y
Vool °71 mciage |6 che
Vs e o] o———e -V
Modulating oH 12
i (’ <>
Sgratlnpat 02 10k3 351 351 014 b5
50k < 6.8k
v =
Carrier Nul _agzldc
VEE

TR e g e S e 1 e e
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Figure 9. Common Mode Gain

i MC1496, B
|

M e T W

Figure 11. Sideband Output versus
Carrier Levels

Figure 10. Signal Gain and Output Swing

Vce vee
T 12Vde T 12 Vde
1.0k Ly 210k Re=1.0k
1 39kl |39k 1
j 05V 5 2 3 3 05y 2 439K =L3.9k
B et 3 1ok | &V g 3
R R T ot I L=y 5o+
1 o1 o - ] 4
Vs -f 4 -Vo Vs MC1496 o — 4 e-V,
i 12 4 2
TR ! °
! 50 L 14 15
6.8k (5= T
% IV, | 1.0ma] 388K
i = sovee  Pom = 20beg = - =
} VEE § -8.0Vde
VEE

TYPICAL CHARACTERISTICS

Typical characteristics were obtained with circuit shown in Figure 5, G = 500 kHz (sine wave),
Vg = 60 mvims, fg = 1.0 kHz, Vg = 300 mVims, T = 25°C, unless otherwise noted.

Figure 12. Signal-Port Parallel-Equivalent
Input Resistance versus Frequency

=
E
2
g 1.0M ¥
- g 500 AL
2 14 g Hip— 1A A\
z = \_-
] Signal Input = 600 mV & 100 .S p
e 1 ] 2 s X
S >, cz 3
a L~ 400.mV = N
20 A L : g N
g : / / aoolmv a 10 \‘
= oE4 ] 200 mV. o 50 ..
R frsm— e <C
E i - 100 mV < S
_,.._1r—-—- N
8_ 0 I S 10
° go 50 100 150 200 1.0 5.0 10 50 100
i V¢, CARRIER LEVEL (mVmms) f, FREQUENCY (MHz)
E Figure 13. Signal—Port Parallel-Equivalent Figure 14. Single—Ended Output impedance
g 9 q P
Input Capacitance versus Frequency versus Frequency
z o 140 g
fd -~ w
g | = 420 2 8
Z 40 w =
E i = o
21 y £ 100 102
S 50 3 [ 2
il 1/ il 80 op 8.0
=2 - [ ‘ e
R |~ & z 05
: 20 = 60 cop 6 3
o 3 T ]
g i L_j' 40 4.0 g
< 1.0 par o«
et = 20 \\ 20&
& = - a
. 0 a o0 Cr it &
i 1.0 2.0 5.0 10 20 50 100 © 0 1.0 10 100
{, FREQUENCY (MHz) f, FREQUENCY (MHz)
4
i
1
;
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721, TRANSADMITTANCE (mmho)

VorT: CARRIER OUTPUT VOLTAGE (mVrms)

Ayg, SINGLE-ENDED VOLTAGE GAIN (dB)

MC1496, B

TYPICAL CHARACTERISTICS (continued)

Typical characteristics were obtained with circuit shown in Figure 5, fc = 500 kHz (sine wave),
VG = 60 mVrms, Ig = 1.0 kHz, Vg = 300 mVms, T4 = 25°C, unless otherwise noted.

Figure 15. Sideband and Signal Port

Figure 16. Carrier Suppression

i Transadmittances versus Frequency versus Temperature
1.0 T 0
0.9, Signal Port S g 10
. N =
0.8 1T %
N =
0.7 —- ] \ {f, 2 "
0.6 Side Band ‘\ & ro— MC1496 —=
05 1 | {11} Sideband Transadmitiance h, 2 (70°C)
04 = Iyt (Each Sideband) —0 » g .
Y V. (Signa) out \ g ~
03 o P 1 3 %0 ™ s
0.2 | I Hl éignal Ponll’ransadmmanoe I ”H” \ % —~ e
\ﬂ,:lﬁﬂ V..,=0 IV = 05 Vdc = 60
0-1 v, | ont c="
[ NERYY] TR IS E BN 70
»0.1 1.0 10 100 1000 -75 -50 -25 0 25 5 75 100 126 150 175
. fc, CARRIER FREQUENCY (MHz) Ta, AMBIENT TE)MPERATURE
(°C
]
13
. Figure 18. Carrier Suppression
P Figure 17. Signal-Port Frequency Response versus Frequency
20 . y— 2 0
RL =39k £
_ N [[]} Re=s002 24
10 Vi N S5
— 7 ST 99
. | RL=39k(Standard NN ko |
01— Re=1.0kTest Cireut) ~ By =39k TTYN! SZ 4 oo R
' Re =20k ui L] A
-10 R0 1 may A N o« // J
. RL=500Q N @2 -
: Vgl =0.5 Vde Re = 1.0k N gz 50 ML
ho 7 \ 2 o T
' ANR .=l — w60 il B2y 3
-30 N\ W2 & g0 LLLHE—T— —T
0.01 0.1 1.0 10 100 o 005 01 0.5 1.0 50 10 50
r f, FREQUENCY (MHz) fc. CARRIER FREQUENCY (MHz}
]
Figure 19. Carrier Feedthrough Figure 20. Sideband Harmonic Suppression
! versus Frequenc versus Input Signal Level
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Figure 21. Suppression of Carrier Harmonic
i Sidebands versus Carrier Frequency
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Figure 22, Carrier Suppresslon versus

Carrier Input Level
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OPERATIONS INFORMATION

The MC1496, a monolithic balanced modulator circuit, is
showr in Figure 23.

Thié circuit consists of an upper quad differential amplifier
driven, by a standard differential amplifier with dual curmrent
sources. The output collectors are cross—coupled so that
full-wave balanced muttiplication of the two input voltages

. That is, the output signal is a constant times the
product of the two input signals.

Mathematical analysis of finear ac signal multiplication
ondscates that the output spectrum will consist of only the sum
and dlfference of the two input frequencies. Thus, the device
may bEe used as a balanced modulator, doubly balanced mixer,
product detector, frequency doubler, and other applications
requinng these particular output signal characteristics.

The lower differential amplifier has its emitters connected
to the package pins so that an extemal emitter resistance
may be used. Also, external load resistors are employed at
the d?vsce output.

Signal Levels
The upper quad differential amplifier may be operated
eithet in a linear or a saturated mode. The lower differential
amplifier is operated in a linear mode for most applications.
Foy low—evel operation at both input ports, the output
signal will contain sum and difference frequency components

B Figure 23. Circuit Schematic )
) ) 12
! [ —=3VY
Ca"ief VC1§ (_) 1
Input 8 () K
i o
bl v (—) »
Ineul S1 {+) — Gain
3 Adjust
Bias § © - '
i (Pin numbers
| 500 500 500 per G package)
VEE 14T

i

and have an amplitude which is a function of the product of
the input signal amplitudes.

For high—level operation at the carrier input port and finear
operation at the modulating signal port, the output signal will
contain sum and difference frequency components of the
modulating signal frequency and the fundamental and odd
harmonics of the carrier frequency. The output amplitude will
be a constant times the modulating signal amplitude. Any
amplitude variations in the carrier signal will not appear in the
output.

The linear signal handling capabilities of a differential
amplifier are well defined. With no emitter degeneration, the
maximum input voltage for linear operation is approximately
25 mV peak. Since the upper differential amplifier has its
emitters internally connected, this voltage applies to the
carrier input port for all conditions.

Since the lower differential ampilifier has provisions for an
external emitter resistance, its linear signal handling range
may be adjusted by the user. The maximum input voltage for
linear operation may be approximated from the following
expression:

V = (15) (Rg) volts peak.

This expression may be used to compute the minimum

value of RE for a given input voltage amplitude.

Figure 24. Typical Modulator Circuit
@ 12Vde

RL R
39k : 3.9k
d +Vo

Carrier Co.—) 6
Input . @
Vs
Modulating [ EO—L' Vo
Signal 10k 1ok 51 351
Input 14 T 5
50 k
A L 15 268k
Carrier Null $_8.ov<jc =
VEE
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amplifier. If the carrier signal is modulated, a 300 mVmms
input fevel is recommended.

Doubfy Balanced Mixer

Thq MC1496 may be used as a doubly balanced mixer
with either broadband or tuned narrow band input and output
networks.

The local oscillator signal is introduced at the carrier input
port a recommended amplitude of 100 mVrms.

Figgre 30 shows a mixer with a broadband input and a
tuned output.

Frequency Doubler
Thé MC1496 will operate as a frequency doubler by
introd?oing the same frequency at both input ports.

%

Figures 31 and 32 show a broadband frequency doubler
and a tuned output very high frequency (VHF) doubler,
respectively.

Phase Detection and FM Detection

The MC1496 will function as a phase detector. High—evel
input signals are introduced at both inputs. When both inputs
are at the same frequency the MC1496 will deliver an output
which is a function of the phase difference between the two
input signals.

An FM detector may be constructed by using the phase
detector principle. A tuned circuitis added at one of the inputs
to cause the two input signals to vary in phase as a function
of frequency. The MC1496 will then provide an output which
is a function of the input signal frequency.

i TYPICAL APPLICATIONS
. Figure 26. Balanced Modulator
! (12 Vdc Single Supply) Figure 27. Balanced Modulator-Demodulator
E iee 1.0k 1.0k
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| suFtR T 51 | a2 3 0SB = Vo 01 F L= o8 e 4V
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Cam tinput = | 01 0F Carier @)} 01
s It 10 0.1 pF| Output ¥ 1§ MC149
grms xr 1€ 1 mMc1a96 Inputv ® O-Z
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Signaj lnput 10 pF pFS 1 45 Input 50 k T
300 mVims 15V v 10k R1 4 155 6.8k
) = . C 3 Vee
Cariey 20 Carrier Null §0Vde ~
Nutl ;dk -
| Figure 29. Product Detector
E Figure 28. AM Modulator Circuit (12 Vdc Single Supply)
V,
! V, CcC
10k 10K 2 15 Vae L ph Y
] N\ AL | Lotyr
: o Io.1 uF 2<§ Re 1.0k%>3 3.9k 3%1( 1.0k I {;2100 3% 3.0k
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] MC1496, B
;5 Figure 30. Doubly Balanced Mixer
i (Broadband Inputs, 9.0 MHz Tuned Output) Figure 31. Low—Frequency Doubler
Vee
Y10k Yee ) P12V
i . T
¥ + 100 |.1F
0.001 uF 1.0k _
= RFC 9 1 25 vde 1.0k
Local p - 2 31 39k
it T 100 uH
Oscillator = 8 39k
100 \) l ™
myrms . MC1496 0.001 uF _C2 Output
1 100 uF + p
RF Input 9.5uF  9O0MHz lnput "=l oy MC1496
i Output 15 mVrms 100 uF 15 Vde 1
i 12 L1 l-0—¢—e
51 5 R =50Q 4 12
5.0-80
pE __90—480 pF
. 68k © = = 100 3100 s
i VEE=
: -8.0Vde
‘ f 6.8k
L1 = 44 Tums AWG No. 28 Enameled Wire, Wound T = 15
on Micrometals Type 44—6 Toroid Core. VEE =
| Balance 5
' Figure 32. 150 to 300 MHz Doubier
Voe
E +8.0 Vde
I
L1
18 nH
i 1.0-10 pF 300 MHz
f Output
] Ry =50Q
f
4
]
i
E L1 =1 Tum AWG
[ Balance VEE No. 18 Wire, 7/32” 1D
-8.0 Vde
H
T > B
Pog
E > »
& u > o
‘ N ERCH Sl I gl s l g
Frequency —————— Balanced Modulator Spectrum
DEFINITIONS
. fc  CarmerFundamental fctnfg Fundamentai Camier Sideband Harmonics
. fs  Modulating Signal nfc Carrier Harmonics
v fctfg Fundamental Canier Sidebands nfc tnfg Carrier Harmonic Sidebands
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OUTLINE DIMENSIONS
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the suitability of its products for any particular purpose, n
spécifically disclaims any and all fiability, including without

her notice to any products herein. Motorola makes no warranty, representation or guarantee regarding
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General Description

The CD4066BM/CD4066BC is a quad bitateral switch in-
tended for the transmission or multiplexing of analog or digi-
tal signals. It is pin-for-pin compatible with CD4016BM/
CD40168C, but has a much lower “ON" resistance, and
“ON" resistance is relatively constant over the input-signal
range.

Features

m Wide supply voltage range 3V to 15V

#m High noise immunity 0.45 Vpp (typ.)

& Wide range of digital and +7.5 Vpgak
analog switching

m “ON" resistance for 15V operation 800

m Matched “ON" resistance ARoN=5% (typ.)
over 15V signal input

» “ON" resistance flat over peak-to-peak signal range

B High “ON"/“OFF" 65 dB (typ.)
output voltage ratio @ fig=10 kHz, R =10 k1

= High degree linearity 0.1% distortion (typ.)
High degree linearity @ fiz=1 kHz, Vig=5Vpp,
High degree finearity Vpp—Vss=10V, R =10 k2

,&National Semiconductor

CD4066BM/CD4066BC Quad Bilateral Switch

June 1992

@ Extremely low “OFF" 0.1 nA (typ.)

switch leakage @ Vpp—Vgg =10V, Tp=25°C
m Extremely high control input impedance 10%20(typ.)
® Low crosstalk —50 dB (typ.)

between switches @ §13=0.9 MHz, R =1 k2
® Frequency response, switch “ON" 40 MHz (typ.)
Applications
B Analog signal switching/multiplexing

* Signal gating

* Squeich control

© Chopper

* Modutator/Demodulator
e Commutating switch

m Digital signal switching/multiplexing

s CMOS logic implementation

u Analog-to-digital/digital-to-analog conversion

= Digital control of frequency, impedance, phase, and an-
alog-signal-gain

CANTROL

Order Number CD4066B

Schematic and Connection Diagrams
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Absolute Maximum Ratings otes142) Recommended Operating
If Mititary/Aerospace specified devices are req;i;‘ed, Conditions note2)
plea?e contact the National Semiconductor es
Offide Distributors for availability and specifications. f’""’:’\’;;:’""ge (Voo) :\\;:::lsv
Supqly Vottage (Vpp) —0.5Vio +18V c')‘s“ . “?e Vi) e Range (Ta) oD
_ erating Temperatura
input Voitage (Vin) 0.5V o Vpp+0.5V CD4066BM —55°Cto +125°C
Storage Temperature Range (Ts) —65°Cto +150°C CD40668C —~40°Cto +85°C
Power Dissipation (Pp)
Dual-in-Line 700 mW
Small Outiine 500 mW
Lead Temperature (T)
(Seldering, 10 seconds) 300°C
DQ Electrical Characteristics co4ocsaM (Note 2)
Symbo Parameter Conditions —89¢ +265°C H125C | Yrits
. Min | Max | Min | Typ Max | Min | Max
top + | Quiescent Device Gurrent | Vpp=5V 0.25 001 | 025 75 | pA
5 Vpp=10V 05 0.01 0.5 15 pA
; Vpp =15V 10 001 | 10 30 | pA
SIGNAL INPUTS AND OUTPUTS
4 Voo—V.
Ron | | “ON” Resistance Ry =10 ket 1o 2255
{ Vec=Vpp. Vis=Vss to Vpp
Vop=5V 800 270 | 1050 1300 | 0
1 Vpp=10V 310 120 | 400 550 | a
' Vpp=15V 200 80 | 240 320 | 0
: Vpo—V.
ARon | A“ON" Resistance Ry =10k (PRDICTALS
i Between any 2 of Vg=Vpp, Vis=Vss to Vpp
¢ | 4 Switches Vpp=10V 10 a
) Vpp= 15V 5 0
ks | | InputorOutput Leakage | Vo=0 +50 +01 | +50 +500 | nA
E Switch “OFF” Vig=15V and OV,
i Vog=0V and 15V
CONTROL INPUTS
Vici | LowLevelInput Vohage | Vis=Vssand Vpp
l Vos=Vpp and Vss
i hg= 110 A
‘ Vop=5V 15 225 | 15 15 v
¢ Vpp= 10V 3.0 45 3.0 3.0 v
¢ Vpp=15V 40 675 | 40 4.0 v
v[de High Level Input Voltage | Vpp=5V 35 35| 275 3.5 v
y Vpp=10V (see note 6) 7.0 70| 55 7.0 v
E Vpp=15V 1.0 110] 825 1.0 v
Iy E' input Gurrent Voo—Vss =15V +0.1 +10-5 | +0.1 £1.0 | pA
VopzVis2Vss
E Vpp2Vg2Vss
]
|
DC Electrical Characteristics cp4oe68c (Note 2)
1 _ . .
Symbol Parameter Conditions are tase +85°C Units
Min Max Min Typ Max Min Max
Ind Quiescent Device Current | Vpp=5V 1.0 001 | 10 75 gA
Vpp=10V 20 0.01 20 15 A
X Vpp=15V 4.0 001 | 40 30 pA
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DC Electrical Characteristics (Continued) CD4066BC (Note 2)

- +25° +
Symbol Parameter Conditions 4orc 25°C 8sc Units
Min | Max | min | Typ | wax | Min | max
SIGNAL INPUTS AND OUTPUTS
Vpp—V:
Ron | “ON” Resistance R =10 k2 to 2235
Vc=Vpp, Vssto Vop
Vpp=5V 850 270 1050 1200 41
Vpp=10V 330 120 400 520 Q
Vpp=15V 210 80 | 240 300 | 0
Vpp—V:
ARon | A"ON" Resistance R =10 ka2 to 2258
Between Any 2 of Vee=Vpp. Vis=Vss to Vpp
4 Switches Vpp=10V 10 0
Vpp= 15V 5 [4)
his Input or Output Leakage | Vg=0 +50 +0.1 +50 +200 | nA
Switch “OFF"
CONTROL INPUTS
ViLe Low Level Input Voltage | Vis=Vss and Vpp
Vos=Vpp and Vgg
lig=t10pA
Vpp=5V 1.5 2.25 1.5 1.5 \
Vpp=10V 3.0 4.5 30 3.0 v
Vpp=15V 40 675 | 40 4.0 v
Vine High Level Input Voitage | Vpp=5V 35 35| 275 35 v
Vpp= 10V (See note 6) 7.0 70 | 55 7.0 v
Vpp=15V 11.0 11.0 8.25 11.0 v
N input Current Vpp—Vsg=15V +0.3 +10-5 | £0.3 410 | pA
Vpp2Vis=Vss
Vpp2Vg2Vss
AC Electrical Characteristics® 1,=25°C, t,=t=20 ns and Vg5 =0V unless otherwise noted
Symbol Parameter Conditions Min Typ Max Units
tont, teLH Propagation Delay Time Signal Vc=Vpp, G =50 pF, (Figure 1)
Input to Signal Output R =200k
Vpp=5V 25 55 ns
Vpp= 10V 15 35 ns
VDD= 15V 10 25 ns
tpzH. I Propagation Delay Time Ry =1.0kQ, Gy =50 pF, (Figures 2 and 5)
Control Input to Signal Vpp=5V 125 ns
Output High impedance to Vpp= 10V 60 ns
Logical Level Vpp= 16V 50 ns
tpHz, Lz Propagation Delay Time Ry =1.0k, C =50 pF, (Figures 2 and 3)
Contro! Input to Signal Vpp=5V 125 ns
Output Logical Level to Vpp=10V 60 ns
High Impedance Vpp=15V 50 ns
Sine Wave Distortion Vg=Vpp="5V, Vgg=—5V 0.1 %
Ry =10 kY, Vig=5Vpp, {=1kHz,
(Figure 4}
Frequency Response-Switch Vc=Vpp=>5V, Vgg= —5V, 40 MHz
“ON” (Frequency at —3 dB) Ry =1k, Vig=5Vpp.
20 Log1o0 Vos/Vos (1 kHz2)—dB,
(Figure 4)
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AC Electrical CharacteristiCs™* (Continued) Ty =25°C, t,=1=20 ns and Vgg =0V unless otherwise noted
swm({ol Parameter Conditions Min Typ Max Units
K Feedthrough — Switch “OFF" Vpp=5.0V, Voo =Vss = ~5.0V, 1.25
i (Frequency at —50 dB) RL=1k, Vis=5.0Vpp, 20 Logyo,
H Vog/Vig= —50 d8, (Figure 4}
Crosstalk Between Any Two Vpo=Vca)=5.0V; Vgs = Vee)=5.0V, 0.9 MHz
Switches (Frequency at —50 dB) Rp1 kS, Vig(a)y=5.0 Vpp, 20 Logao
[ VOS(B)/ Vis(ay=—50 dB (Figure 5)
; Crosstalk; Control Input to Vpp=10V, R =10 k), Ry=1.0 k2, 150 mVpp
: Signal Output Vg =10V Square Wave, C =50 pF
H (Figure 6)
{ Maximum Control input Ry =1.0k2, Cy =50 pF, (Figure 7)
H Vosf)= Y2 Vos(1.0 kHz)
Vpp=5.0V 6.0 MHz
b Vpp=10V 8.0 MHz
. Vpp=15V 8.5 MHz
Cs | Signal Input Capacitance 8.0 oF
Cos! Signal Output Capacitance Vpp=10V 8.0 pF
Cios} Feedthrough Capacitance Vg=0V 0.5 pF
Cin | Control input Capacitance 5.0 75 pF
*AC B 'S 8@ guar d by DC cor tasting.

Bote :J: ~Absohste Maximum Ratings” are those values beyond which the satety of the device cannot be guaranteed. They are not meant to imply that the devices
mouig be operated st these limits. The tables of “Recommended Operating Conditions™ and “Electrical Characterigtics™ provide conditions for actual device

m:zvss-ov uniees otharwise specified.

Nolelazﬁmdwlcushwidnmbeoomeaedtodmmmhlhepower"ow
Nderl:lnalcammaoiswox!mtdySdeprobeand]gcapadtarmlnmeam however, this capacitance I8 Included in Cy wherever it is specified.
Note's: Vig is the voltage at the in/out pin and Vps is the voltage at the out/in pin. Vg is the voltage at the comrol input.

Note &: Condtions for Vi 8) Vis=Vpp. los=standard B serfes loy

b) Vig=0V, Iy =standard B sedes loy.

AC Test Circuits and Switching Time Waveforms
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AC Test Circuits and Switching Time Waveforms (continued)
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FIGURE 4. Sine Wave Distortion, Frequency Response and Feedthrough
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Typical Performance Characteristics
“ON” Resistance vs Signal
Voltage for T =25°C
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Special Considerations

In applications where separate power souwrces are used 10
cive Vpp and the signal input, the Vpp cusrent capability
should exceed Vpp/Ry (R = effective external foad of the 4
CD4066BM/CD4066BC bilateral switches). This provision
avolds any permanent current fiow or clamp action of the
Vpi} supply when power is applied or removed from
CD- BM/CD4066BC.

in ¢ertain applications, the external load-resistor current
may include both Vpp and signal-line components. To avoid

“ON” Resistance as a Function
of Tempersature for
Vpp—Vsg=15V

TaA=H15'C =)

Ta=a25°C L1t

CHANNKEL ~DN" AESISTANCE (ﬂou) [{+}]
-t EEREEYE

Ta-&5°C
4 §-4-28 2 4 8 8
SIGHAL VBLTAGE (Ves) (V)

“ON’ Resistance as a Function
of Temperature for
Vpp—Vsg=5V

ALl
A | Tasri2sc

Y 1]

] 4l
J T = 425°C

AL

R

C

19
5t

CHANNEL “ON" RESISTANCE (R (12}

L]
-8 6 4 -2 8 2 4 § 8

SUPPLY VOLTAGE (Vyg) (V)
TUF/5665-4

drawing Vpp current when switch current flows into termi-
nals 1, 4, 8 or 11, the voltage drop across the bidirectional
switch must not exceed 0.6V at TA<25°C, or 0.4V at
Ta>25°C {calculated from Roy values shown).

No Vpp current will flow through Ry if the switch current
flows into terminals 2, 3, 9 or 10.
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Physical Dimensions inches (miflimeters)
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CD4066BM/CD4066BC Quad Bilateral Switch
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LIFE SUPPORT POLICY

[ S S gy R S

—— N

failure to perform, when
with instructions for use

to the user.

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose

properly used in accordance
provided in the labeling, can

be reasonably expected to result in a significant injury

Physical Dimensions inches (milimeters) (Continued)
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E‘ Order Number CD4066BMN or CD4066BCN
NS Package Number N14A

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

2. A critical component is any component of a life

support device or system whose failure to perform can
be reasonably expected 1o cause the failure of the life
support device or system, or to affect its safety or

effectiveness.
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General Description

The MM54C221/MM74C221 dual monostable multivibrator
is a monolithic complementary MOS integrated circuit. Each
multivibrator features a negative-transition-triggered input
and a positive-transition-triggered input, either of which can
be used as an inhibit input, and a clear input.

Once fired, the output pulses are independent of further
transitions of the A and B inputs and are a function of the
exiernal timing components Cgxt and Rgxr. The pulse
width is stable over a wide range of temperature and Vcc.

ﬁNational Semiconductor

February 1988

MM54C221/MM74C221 Dual Monostable Multivibrator

Pulse stability will be limited by the accuracy of external
timing components. The puise width is approximately de-
fined by the relationship twioury = Cext Rext. For further
information and applications, see AN-138.

Features

= Wide supply voltage range 4.5V to 15V

® Guaranteed noise margin 1.0V

® High noise immunity 0.45 Vg (typ.)

u Low power TTL compatibility fan out of 2
driving 741

Connection Diagrams

Timing Component Dual-in-Line Package
Vee Vor 1R/Cexr 1Cexy 1@ W z2cR 28 24
Iu Ls 19 13 12 1 18 9
Rexy
+ ¢ Cexv
T0 Cexy 70 A/Cexs - -
TERMINAL  TERMINAL
TL/F/5004-1
iﬁ e
1 lz I: 4 5 |s l: ]l.
17 18 I1ctR 20 20y 2RCexy GND
TL/F/5804-2
Top View
Order Number MM54C221 or MM74C221
Truth Table
Inputs Outputs
Clear A 8 Q Q
) L X X L H H = High level
L = Lowlievel
X H X L H 1 = Transition from kw to high
1 = Transition from high to low
X X L L H J1L = One high level pulse
I = One low level puise
H L T JL r X = trrelevant
H 1 H J ar
E
5 71995 National Sericonductor Corporation To/%/590¢ A]0D-B30V105/Pnnfedin U.S. A
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Abgolute Maximum Ratings note 1)

i m;atarylAeroopace specified devices are required, Power Dissipation

p@eﬁe contact the National Semiconductor Sales Dual-In-Line 700 mW

Ofﬁc?/Distributon for availability and specifications. Small Outline 500 mW

Voﬂage at Any Pin —0.3Vto Ve + 0.3V Operating Voc Range 4.5V to 15V

Operjting Temperature Range Absolute Maximum Ve 18V

MM54C221 —55°Cto +125°C Rexr = 80 Ve ()
74C221 —40°Cto +85°C . o

Lead Temperature (Soldering, 10 seconds) 260°C

Storage Temperature Range —65°Cto +150°C

DC.Electrical Characteristics Max/min iimits apply across temperature range, unless otherwise noted

Symbgol l Parameter l Conditions Min l Typ I Max l Units
CMOS to CMOS
V! | Logical “1" Input Voltage Vo = 5V 35 v
Ve = 10V 8.0 v
Ving) Logical “0" Input Voltage Ve = 5V 1.5 \
. Vgg = 10V 2.0 v
vom@, Logical “1” Output Voliage Veg =5V, lg = —10 gA 45 Y
: Vg = 10V, lgp = —10 pA 9.0 v
T
VouTt) Logical “0” Output Voltage Voc = 5V, lg = +10 A 0.5 v
£ Voo = 10V, g = +10 A 1 v
Q) & Logical “1" Input Current Vog = 15V, V= 15V 0.005 1.0 #A
gy £ Logical “0” Input Current Vec = 15V, Vg = OV ~1.0 —0.005 nA
e | Supply Current (Standby) Vog = 15V, Rexr = 0,
Q1,Q2 = Logic“0” (Note 3) P A}
icc Supply Current Vg = 15V, Q1 = Logic “1", 15 mA
{During Output Pulse) Q2 = Logic ““0” (Figure 4)

Vee = 5V, Q1 = Logic “1",

o [ s e v e
3
%

Q2 = Logic 0" (Figure 4) 2 3
Leakage Current at R/Cex Pin | Vo = 15V, Voexy = SV 0.01 3.0 pA
CMOS/LPTTL Interface
Vi | Logical “1” Input Voltage 54C Vo = 4.5V Voo — 1.5 Y
74C Voo = 4.75V Voo — 1.5 v
V'N“”g Logical “0" Input Voltage 54C Vg = 4.5V 08 v
H 74C Vg = 4.75V 0.8 v
Vour(y | Logical “1” Output Voltage 54C Voo = 4.5V, g = —360 pA 24 v
) 74C Voo = 4.75V, g = —360 pA 24 \
Voutloy | Logical “0” Output Voliage 54G Voo = 4.5V, lo = 360 pA 0.4 v
74C Vcg = 475V, Ig = 360 pA 0.4 v
Outplit Drive (See 54C/74C Family Characteristics Data Sheet) (Short Circuit Current)
Isource | Output Source Current Vee = 5V - i mA
(P-Channel) Ta = 25°C, Voyt = OV i
1
Isource | Output Source Current Vg = 10V 8 mA
i {P-Channel) Ta = 25°C, Vour = OV
ISINK Cutput Sink Current Ve = 5V 175 mA
(N-Channel) Ta = 25°C. Vour = Ve :
IsinK Output Sink Current Ve = 10V 8 mA
(N-Channel) Ta = 25°C, Vout = Vce

s we ST R O TR S RIS




} Physical Dimensions inches (millimeters)

0.785

[19.94] MAX ———*
16 9
NG A O

0.220-0.310
[5.59-7.87}
o0s / TO U OUOTUTY
R {0.64) 1 8
g 0.005-0.020. 0
[0.13-0.51)
0.037 2 0.005 yyp
000s [ [o4xai3 T ?az?,%"g'%]"
Y . 0.055 £ 0.005 .37-8.1

M[,:' 'Tﬁ, T = " h4ozoas) P | — GLeSS SEALANT

L 0.020-0.060 1yp ¥
&200301 . | [0.51-1.52] a.1537 X
uax TYP H - ' 0.010£0.002
TR TYQ
.150 i [6.2520.05]
¢ ] H A i J
0.125-0.200 B : ‘
P g50'4 50
[3.18-5.08] 7" S s
[02'31830] MEX —| (= 1 0.310-0.410
BOTH ENDS 0.018£0.003 -~ 0.310-0.
0.100£0.010 J"I [o.45£0.08] """ (7.87-10.41] 1168 (REV L)
[2.5420.25) ''°
Order Number CD4046BMJ or CD4046BCJ
NS Package Number J16A
13




CD4046BM/CD4046BC Micropower Phase-Locked Loop
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0.740-0.780

(18,80~ 19.81)

‘Physical Dimensions inches (milimeters) (Continued)

0085
0.13040.005
013040005 0.060 ©TP 03000320 (OG0
—!
j  Bamoam) "' fis24) P "\I‘\ M Fe0-6128) | }
0.145-0.200 | :
(36835080
t _I 959450
90°£4° TYP 0008 -0.016
(o_n_zg_ N {c203-0406) T
0.125-0.150 I__ 0.03040.015 i? 112)
(.175-3.810) , T M 076220381) “'N
0.014-0.023 0.100£0.010 +0.040
0.325_
(oss:Po.su 0.05020.010 - 2.54020.254) (—-———‘1912 NI6E (REV F)
('1‘.:7%0254) (825545548

LIFE SUPPORT POLICY

Order Number CD4046BMN or CD4046BCN
NS Package Number N16E

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or

systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain lite, and whose
failure to perform, when properly used in accordance

2. A critical component is any component of a life

support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or

I

with instructions for use provided in the labeling, can effectiveness.
be reasonably expected to result in a significant injury
to the user.
National Semiconductor Natiomal Semiconductor National Semiconductor National Semiconductor
Euwrope Hong Kong Ltd. Ltd.

Corporation

1111 West Bardin Road
Arfington, TX 76017
Tel: 1¢800) 272-8959
Fax 1800 737-7018

Fax: (+49) 0-180-530 65 86

Emait cnjwpge@tevmz.nsc.com
Deutsch Tek (+45) 0-180-530 85 85
Cngish  Tek (+49) 0-180-532 79 32
Francas Tek (+49) 0-180-532 93 58
takano Tek (+<9) 0-130-534 16 60

13th Floor, Stralght Block,
Ocean Cextre, 5 Canton Rd.
Taimshatsd, Kowoor

Hong Kong
Tet (852) 2737-1600
Fax: (852) 2736-9960

Tel: 81-043-299-2309
Fax: 81-043-299-2408
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AC Electrical Characteristics* 1, = 25°C, G = 50 pF, uniess otherwise noted

Symbol Parameter Conditions Min Typ Max Units
tda B Propagation Delay from Trigger Vo = SV 250 500 ns
Input (A, B) to Output Q, G Veg = 10V 120 250 ns
todcL Propagation Delay from Clear Vco = 5V 250 500 ns
Input (CL) to Output Q, B Ve = 10V 120 250 ns
1s Time Prior to Trigger Input (A, B) Ve = 5V 150 50 ns
that Clear must be Set Vee = 10V 60 20 ns
w(A, B) Trigger Input (A, B) Pulse Width Voe = 8V 150 50 ns
Vog = 10V 70 30 ns
twicy Clear {nput (CL) Puise Width Voc = 5V 150 50 ns
Vee = 10V 70 30 ns
twiouT) Q or Q Output Pulse Width Voo = 5V, Rpxr = 10k,
900 ns
Cexr = 0pF
Vec = 10V, Rexy = 10k,
350 ns
Cext = 0pF
Vcc = 15V, Rext = 10k,
320 ns
Cexy = 0pF
Vce = 5V, Rexy = 10k,
D . 12.
Cexr = 1000 pF (Figure 1) 90 108 2 ks
Voo = 10V, Rexy = 10k,
Cext = 1000 pF (Figure 1} 20 10 N B
Vec = 15V, Rexr = 10Kk,
Gt = 1000 pF (Figure 1) 8.9 0.8 10.8 ©s
Vo = 5V, Rext = 10k,
Conr = 0.4 uF (Figure 2) 900 1020 1200 us
Ve = 10V, Rext = 10k,
11
Cexr = 0.1 puF (Figure 2} = KR 1 pe
Vee = 15V, By = 10k,
i
Cext = 0.1 uF (Figure 2) - & [ ke
Ron ON Resistance of Transistor Vec = 5V (Note 4) 50 150 1]
betwesn R/Cexr o Cexy Veg = 10V (Note 4) 25 65 N
Ve = 15V (Note 4) 16.7 45 n
Output Duty Cycle A = 10k, C = 1000 pF 90 %
R = 10k, C = 0.1 pF 90 %
(Note 5)
Cin input Capacitance R/Cexr Input (Note 2) 15 25 pF
Any Other lnput (Note 2) 5 pF
*AC P s are Qo d by DC cor testing.
Hote 1: “Absoiute Maximum Ratings™ are those values beyond which the safety of the device cannat be g d. Except for “Op 0 T4 Range”

they are not meant 1o imply that the devices should be aperated at these Smits. The table of Elecmcalcrlamcxaisﬁm providescondmonsfaacmaldevloe

opecation,

Note 2: Capachtance is guaranteed by periodic testing.

Mote 3: In Standhy (Q = Logic “0") the power dissip

Note 4: See AN-138 for detailed explanation Ron.

Note 5: Maxdmum output duty cycle = Rexy/Rexr + 1000

equals the &

kage curent plus Voo/Rexr.

e
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Typical Performance Characteristics

g T3¢ [ ]
& Rexr = 10k
a Cexy = 1000 F
8
18
s
g a8 Voo = 5V 1
g2 6
H Vec = 19V
o oS 1 7 Voc = 15V
= +
w 08
> n
" i
02
3 I
& o U

T e e e i e i [

-5 -202 §
QUTPUT PULSE WOTH (Tyy, %I

LT, = 25°C

FRexy » 18k

S

" Coxr = 0.1uF

19

0% Point puise width:

AtVog = 5V, Ty = 106 ps
AtVog = 10V, Ty = 10 s
AtVog = 15V, Ty = 98 ps
Percentage of units within + 4%:
Al Voo = 5V,  90% of units
At Voo = 10V. 95% of units
At Voo = 15V. 98% of units

TL/F/5004-3

FIGURE 1. Typical Distribution of Units for Output Pulse Width

0% Point puise width

At Ve = 5V, Tw = 1020 ps
At Voo = 10V, Tw = 1000 ps
AtVoe = 15V, Ty = 962 ps

a5

i

0A

i
~¥ec =5V ]

RELATIVE FREQUENCE OF OCCURENCE

@ L:

Voo = 18V

Mg = 15V

‘g' s 1

z

s 15 sV

¢z =

£ 18 |-PULSEMETH = 10003

£3

«> 15

g»—

C‘

w W [} ~

=5 1wov _{ |
-

;z -85 % r

PERET

Se s 15v ]|
2

£7 - in

-85 2% 125

T, = AMBIENT TEMPERATURE ("C)

FIGURE 3. Typical Variation in
Output Pulse Width vs Temperature

5 242 S
b OUTPUT PULSE WIOTH (Tyy, R

TU/F/5904-5

Per ge of units within +4%:
AtVeg = 5V,  95% of units
At Voo = 10V, 97% of units

At Voo = 15V, 96% of units

TUF/5604-4

1 FIGURE 2. Typical Distribution of Units for Output Pulse Width

2 ["QOTE: POWER SHOWS IS MEASURED
2 VATH EOTH OXESHOTS STCHING
S qoo | TOGETHER AN Rexy = 100 7
a % 17v)
8% 7
@
% Q Ve -1sv//
X 7
ad o 288
A
Z iy pa Vee = 10V,
A T}
a Ve =5V
° ) 108
OUTPUT DUTY CYCLE ()
TL/F/5004-6
FIGURE 4. Typical Power Dissipation

per Package




jSwitching Time Waveforms

{2.540.25]

Ceramic Dual-In-Line Package (J)

Order Number MM54C221J or MM74C221C

NS Package Number J16A

& .
v,
« 0% 0%
aweyT so% se%
10% 0%
a N
]t t.—-‘ l-‘—t.
Vee T 0%
8 INPUT SO% 0% 50%
0 10% W%
——-4 twe —— u‘-{ ‘——1,
i Vee
| 0% o
CLEAR 50% %
! s 18% 18%
i —~] o |— ] vne |t et
Ve [
0 50% 58% 50% 8%
3 0 L/
" —{ %aa trioum —==~ tooct
t Vcc——‘__\
E a \m §0% 50%
. .
' twioun i T teon
=g =20ns
N ! TUL/F/5004-7
Physical Dimensions inches (millimeters)
J 0.785
4 l—— [19.94] MAX ———
16 g
DA AN A T
i
i 0.220-0.310
4 [5.59-7.871
I {
2 0.025 PRV P I PR L R )
] {0.64) i 8
g 0.005-0.020 1y,
f0.13~0.51]
0.03720.005
T
o005 | fessxoas TR ‘i'72§‘7"3"§f
5.13] —| 4 0.055£0.00 .37-8.1
u[&'rﬂ: i ~| —[ra0t0.13] T GLASS SEALANT
L 0.020-0.060 1yp t
0.200 - [0.51-1.52] 180 wax A
{5.08) H H 4.57
MAX TYP 1 s 0.01040.002
TP
15 3 {0.25% 0.05]
f ] “ [} &.aﬁum TYP ’k»/-
0.125-0.200 0% 40 | g50k 50 1
P 90°% 95915
(3.1 3'5-‘;"3;(: T/TYP < L TYP
X N
[2.03]MA | 0.310-0.410
TH ENDS 0.018 £0.003 - Q10
BoTH END [0.46 1 0.08] e {7.87-10.41] 1164 (REV L)
0.100£0.010 1yp




MM54C221/MM74C221 Dual Monostable Multivibrator
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Physical Dimensions inches (miflimeters) (Continued)
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i LIFE SUPPORT POLICY

SEMICONDUCTOR CORPORATION. As used herein:

systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose

with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury
to the user.

{. Life support devices or systems are devices or 2.

0.250£0.010
{8:3502£0.254)
0.130£0.005 . 0.060 w 4° TP 0.300 = 0.320 %}
; y  (a0agod 7} (520 "\ "‘ 'l {7520-0.12) l‘_
0145~ 0.200 |
dmem, | b T f
} J 959%5°
0.008-0.016
oms 80°£4° TYP T
(0-508) 0.125-0.150 0.03020.015 {7113}
Je-
B.175-3.810) ! T l076220381) WiN
0.014=0.025 0.10020.010 +0.040
(0-35‘1;:5“) B 0.050 £0.010 - (7—5%"2“) S‘_’_:"E::;.g::_ I6E (R F)
637‘0;&'?54‘5 (e2s5t5%5))
Molded Dual-In-Line Package (N)
Order Number MM54C221N or MM74C221N
NS Package Number N16E

' NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.

!

i failure 1o perform, when properly used in accordance
!

|

' nuon-l Semiconducior National Semiconductor

Europe
1111qulBaranosd Fax (+48) 0-180-530 85 88
. TX 76017 Emait cnjwgeetsvm?2.nsc.com
Tet 1(800) 272-9950 . Deutsch Tet (+49) 0-180-530 85 €5
Fax: 1{800) 737-7016 Eagish Tet (+49) 0-180-532 78 32
Frangais Tel: {+49) 0-180-532 83 §8

takano Tel: (+48) 0-180-534 16 80

National Samiconductor National Semiconductor
Hong Kong Ltd, Japan Lad.
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&National Semiconductor

LM565/LM565C Phase Locked Loop

General Description

The LM565 and LM565C are general purpose phase locked
loops containing a stable, highly linear voltage controlled
oscillator for low distortion FM demodulation, and a double
balanced phase detector with good carrier suppression. The
VCO frequency is set with an external resistor and capaci-
tor, and a tuning range of 10:1 can be obtained with the
same capacitor. The characteristics of the closed loop sys-
tem—bandwidih, response speed, capture and pull in
range—may be adjustad over a wide range with an external
resigtor and capacitor. The loop may be broken between the
VCO and the phase detector for insertion of a digital fre-
quency divider fo obtain frequency multiphcation.

The LM56SH is specified for operation over the —55°C to
+125°C military temperature range. The LMS65CN is speci-
fied for operation over the 0°C to +70°C temperature range.

Features

W 200 ppm/°C frequency stability of the VCO

m Power supply range of +5 to +12 volts with
100 ppm/% typical

m 0.2% lnearity of demodulated output

February 1995

®m Linear tiangle wave with in phase zero crossings
available

m TTL and DTL compatible phase detector input and
square wave output

& Adjustable hold in range from £1% to > +60%

Applications

m Data and tape synchronization
® Modems

® FSK demodulation

m FM demodulation

® Frequency synthesizer

| Tone decoding

1 Frequency multiplication and division
® SCA demodulators

| Telemetry receivers

® Signal regeneration

m Coherent demodulators

Connection Diagrams

Metal Can Package
+Vee

TIMING

Yeo
CAPACITOR

TIING

WUt 2 RESISTOR

PHASE
ETECTO

veo

VCO CONTROL

weuT 3 VOLTAGE

4 g 6
VvCO QUTPUT 5

PHASE COMPARATOR
vCOo turyT

REFERENCE
ouTPUT

TL/H/78563-2
Order Number LM565H
See NS Package Number H10C

Dual-In-Line Package
i 14
Voo ——l S
N PHAsE e
1NPYY BIEIT0A 2w
o - 2 e
veg 4 _r 1
0uTPUT 1y NC
PHASE COMPARATOR _ 9 : W
VCO INPUT 5
REFERENCE 6 '—[ 3 TIMING
outeur l it I [ CAPACITOR
veo controL 74 8 TiminG
VOLTAGE ] | RESISTOR
TL/H/78563-3
Order Number LM565CN
See NS Package Number N14A

LR % e

€)1955 Natona! Semiconductor Corporation
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Absiolute Maximum Ratings

i Wﬁhry/Aeroopaoe specified devices are required,
p&ea; contact the National Semiconductor Sales

Operating Temperature Range
LM565H

-55°Cto +125°C

Office/Distributors for availability and specifications. LM565CN 0°Cto +70°C
Supp'{/ Voltage +12v Storage Temperature Range —65°Cto +150°C
Powet Dissipation (Note 1) 1400 mW Lead Temperature (Soldering, 10 sec.) 260°C
Differential lnput Voltage +1V
Ele%:trical CharacteristiCs Ac Test Gircuit, Ta = 25°C. Vog = +6V
[]
: Parameter Conditions - LMS65 - LM565C Units
Min Typ Max Min Typ Max
Power Supply Current 80 | 125 80 | 125 mA
input inpedance (Pins 2, 3) —4V < Vo, Vg < OV 7 10 5 k0
:?egug:y}m”m Operating Co = 27pF 300 | 500 250 | 500 kHz
VCO Free-Running Co = 1.5nF
Frequency R = 20 k2 —10 0 +10 | =30 0 +30 %
| fo = 10 kHz
Terpermtre Coattirt =100 ~200 ppm/C
z;‘:‘::"‘/co‘ygg‘ with 0.1 1.0 02 | 15 %IV
Triangle Wave Output Voltage 2 24 3 2 24 3 Vpp
Triangie Wave Output Linearity 0.2 0.5 %
Square Wave Output Level 47 | 54 47 | s4 Vop
Output impedance (Pin 4) 5 5 kO
Squacg Wave Duty Cycle 45 S0 55 40 50 60 %
Square Wave Rise Time 20 20 ns
Squarg Wave Fall Time 50 50 ns
Output Gurrent Sink (Pin 4) 06 1 0.6 1 mA
VCO Sensitivity fo = 10 kHz 6600 6600 Hz/V
2::"“ dutated Output Voltage +10% Frequency Deviation | . | 500 i 200 ¥ . A
Totst ;—larmonic Distortion +10% Frequency Deviation 0.2 0.75 0.2 1.5 %
Outpyt Impedance (Pin 7) 35 35 ke
DC Ldvet (Pin 7) 425 | 45 | 475 | 40| 45 | 50 v
ﬁ:‘p‘f‘\zrse‘ Voltage 30 | 100 50 | 200 mv
Temperature Drift of [V7 — Vel 500 500 pV/°C
AM REjection 30 | 40 40 @B
Phasé Detector Sensitivity Ko 68 68 V/radian
Naleli The maximum unction e of the LMS65 and LMSESC is +150°C. For ¢ at el d res. devices in the TO-5 package must be
defated based on a thermal rasistance of +150°C/W junction to ambient or *45‘CIW junction to case Thefmal of the dugl-in-fine p ge is

-85
!

I
i
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Typical Performance Characteristics

POWER SUPPLY CURRENT (mA}

LR U]

OUTPUT VOLTAGE OQUTPUT VOLTAGE
LR

-
in

-
s

L 2
- - o

o N & o

Power Supply Currentas a Lock Range as a Function
Function of Supply Voltage of Input Voitage VCO Frequency
100k *
T T
e . T
£ bt Vec = 6V a I
Ta=28'C
P x Tl =
R = 2k § 14 g
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Typical Applications (continued)
FSK Demodulator (2025-2225 cps)
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Typical Applications (continued)
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prpIications Information

In designing with phase locked loops such as the LM565,
the important parameters of interest are:
FREE RUNNING FREQUENCY

0.3
RoCo
LOOP GAIN: relates the amount of phase change between
the input signal and the VCO signal for a shift in input signal
frequency (assuming the foop remains in lock). In servo the-
ory, this is called the “velocity error coefficient.”

Loop gain = Kokp (;;—C)

fo =

Ko = oscillator sensitivity (m)
volt

volts )
r;;dian
The loop gain of the LM565 is dependent on supply voltage,
and may be found from:

33.6 f,
KoKp = v
fo = VCO frequency in Hz
Ve = total supply voltage to circuit
Loop gain may be reduced by connecting a resistor be-
tween pins 6 and 7; this reduces the load impedance on the
output ampfifier and hence the loop gain.
HOLD IN RANGE: the range of frequencies that the ioop will
remain in lock after initially being locked.
fy = tav—':
fo = free running frequency of VCO
Ve = total supply voltage to the circuit

THE LOOP FILTER

In almost all applications, it will be desirable to filter the
signal at the output of the phase detector (pin 7); this filter
may take one of two forms:

Simple Lag Filter

Ve
A1
Ci
RY = 3.6k
7

Kp = phase detector sensitivity (

(MSES
—

TU/H/7863-11

Lag-Lead Filter

a

*Veo

TL/H/7853-12

A simple lag filter may be used for wide closed loop band-
width applications such as modulation following where the
frequency deviation of the carrier is fairly high (greater than
10%), or where wideband modulating signak must be fol-
lowed.

- —— G wm w2

The natural bandwidth of the closed loop response may be
found from:
1 [KKo

{, =
? 22 VR4Cy

Associated with this is a damping factor:

S 1\/—'—1—
2 VR(C1KoKp

For narrow band applications where a narrow noise band-
width is desired, such as applications involving tracking a
slowly varying carrier, a lead lag fiter should be used. In
general, if 1/R4Cq < K, Kp, the damping factor for the loop
becomes quite small resulting in large overshoot and possi-
ble instability in the transient response of the loop. In this
case, the natural frequency of the loop may be found from
1
f ——

-1 [KKo
1" on T+ 72

71 + 72 = Ry +R) Gy
Ry is selected to produce a desired damping factor §, usual-
fy between 0.5 and 1.0. The damping factor is found from
the approximation:
8§ = a1l
These two equations are plotted for convenience.

Filter Time Constant vs Natural Frequency
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Capacitor C, should be much smaller than C since its func-
tion is to provide filtering of carrier. in generat G2 < 0.1 C4.




|

i
I
;
J

- B T I p—

L

BT ————

o g o

STTW e oo ne G Mwomn

o T e mewx w

Physical Dimensions inches (millimeters)

43500370
)
[y
0.165-0.185 $.315-0.335
@.isI—ao8) ' . "‘-'—‘“"]
ax
4 L2z Ry
i 9635 Leap oo
= = -y Lam'nzm:s PLANE
i T SEaTe L
0500 0.635 t
0015-0.000

T NID

-008
CLTELLI PN .

LA wsm-nen
-0 368

y

0578645

01158145
7si-368)
T

s
2R}

Metal Can Package (H)

Order Number LM565H
NS Package Number H10C

AT AT




LM565/LM565C Phase Locked Loop
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LIFE SUPPORT POLICY
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Duat-In-Line Package (N)
Order Number LM565CN
NS Package Number N14A

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

liafiano  Tok: {+49) 0-180-534 16 30
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1, Life support devices or systems are devices or 2. A critical component is any component of a life
systems which, (a) are intended for surgical implant support device or system whose failure to perform can
into the body, or (b) support or sustain life, and whose be reasonably expected to cause the failure of the fife
failure to perform, when properly used in accordance support device or system, or to affect its safety or
with ingtructions for use provided in the labeling, can effectiveness.
be reasonably expecied to result in a significant injury
to the user.

L niconds National Sermiconductor Natioral Semicanductor
Corporation Efope Hong Kong Ltd, Japan Lid.
1111 West Bardin Road Fax: (+49) 0-180-530 85 68 13th Floor, Stralght Block, Tet §1-043-209-2309
Ardinglon, TX 76017 Emait Cnjwge @tevin2.nsc.com Ocean Cenvtre, 5 Canton Rd. Fex: 81.043-299-2408
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Frangais Tek (+49) 0-180-532 93 58 Tet (852) 2737-1600
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E General Description
The CD40468 micropower phase-locked loop (PLL) con-

Usists of a low power, linear, vottage-controlled oscillator
i (VCO), a source follower, a zener diode, and two phase
comparators. The two phase comparators have a common
I signal input and a common comparator input. The signal
input can be directly coupled for a large voltage signal, or
! capacitively coupled to the seff-biasing amplifier at the sig-
nal input for a small voltage signal.
Phase comparator |, an exclusive OR gate, provides a digital
error signal (phase comp. | Out) and maintains 90° phase
ghifts at the VCO center frequency. Between signal input
and comparator input (both at 50% duty cycle), it may lock
onto the signal input frequencies that are close to harmon-
ics of the VCO center frequency.
Phase comparator Il is an edge-controlled digital memory
network. it provides a digital error signal (phase comp. I!
Out) and lock-in signal (phase pulses) to indicate a locked
condition and maintains a 0° phase shift between signal in-
<put and comparator input.
The finear voltage-controlied oscillator (VCO) produces an
output signal (VCO Out) whose frequency is determined by
the voltage at the VCOyy input, and the capacitor and resis-
tors connected to pin C1p, Clg, R1 and R2.
The source follower output of the VCOyy (demodulator Out)
is used with an external resistor of 10 k¥ or more.

3
¥

National Semiconductor

ICD404GBM/CD404GBC Micropower Phase-Locked Loop

November 1995

The INHIBIT input, when high, disables the VCO and source
follower to minimize standby power consumption. The zener
diode is provided for power supply regulation, if necessary.

Features

| Wide supply voltage range 3.0V to 18V

8 Low dynamic 70 puW (typ) at
power consumption fo = 10 kMz, Vpp = 5V

& VCO frequency 1.3 MHz (typ.) at Vpp = 10V

® Low frequency drift 0.06%/°C at Vpp = 10V
with temperature

u High VCO linearity 1% (typ.)

Applications

& FM demodulator and modulator

& Frequency synthesis and multiplication
| Frequency discrimination

=w Data synchronization and conditioning
@ Voltage-to-frequency conversion

B Tone decoding

u FSK modulation

m Motor speed control

v -

Block & Connection Diagrams
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Absolute Maximum Ratings motes 122)

Recommended Operating

i Military/Aerospace specified devices are required, Conditions ot 2)
pleasd contact the National Semiconductor Sales v 31015V
Office/Distributors for avalability and specifications. ?Cust‘\’;’:l'y d('jg‘; (Voo) o8 oo
DC Subply Voltage (Vo) —0.510 +18 Vpg On:eratk\gtaTgeme N e Range (Ta) DD ¥G
_ perature Ra
input Voltage (Vin) 0.5 to Vpp +0.5 Vpe CDAG4G6EM —55°C o +125°C
Storage Temperature Range (Tg) —-65°C to +150°C CD4046BC —40°C 1o +85°C
Power_Dissipation (Pp)
Dual-In-Line 700 mW
Small Outline 500 mW
Lead Jemperature (T
(Solldering. 10 seconds) 260°C
DC Electrical Characteristics cpso46eM (Note 2)
Symbol Parameter Conditions —55°C +25°C +125C 1 ynits
Min | Max | Min Typ | Max| Min | Max
oo Quiescent Device Current | Pin5 = Vpp, Pin 14 = Vpp,
; Pin3,9 = Vgg
i Vpo = 5V 5 0005 | 5 150 | pA
Vpp = 10V 10 001 | 10 300 | pA
Vpp = 15V 20 0.015 | 20 600 | pA
: Pin 5 = Vpp, Pin 14 = Open,
Pin3,2 = Vgg
Vop = 5V 45 5 35 185 | pA
, Vpp = 10V 450 20 | 350 650 | pA
Vpp = 15V 1200 50 900 1500 pA
VoL | Low Level Output Voltage | Vpp = 5V 0.05 0 |005 005| Vv
: Vpp = 10V 0.05 0 0.05 005| V
Vpp = 15V 0.05 o |o005 005| Vv
Von | High Level Output Voltage | Vop = 5V 4.95 495 5 495 \
i Vpp = 10V 9.95 995 | 10 9.95 v
i Vpp = 15V 14.95 14.95 15 14.95 v
Vi Low Level Input Voltage | Vpp = 5V, Vo = 0.5V or 4.5V 1.5 2.25 1.5 15 A
§ | Comparator and Signal in | Vpp = 10V, Vg = 1V or 9V 30 45 3.0 3.0 \Y
i Vpp = 15V, Vg = 1.5V or 13.5V 4.0 625 | 40 40| V
Vid 3 High Level Input Voltage |Vpp = 5V, Vg = 0.5V or 4.5V 35 3.5 275 3.5 \'
. +| Comparator and Signalin | Vpp = 10V,Vg = 1V or 9V 7.0 7.0 55 7.0 Vv
t Vpp = 15V, Vg = 1.5V or 13.5V| 11.0 11.0 | 825 11.0 v
oL * |Low Level Output Current |Vpp = 5V, Vg = 0.4V 064 051 | 0.88 0.36 mA
E I (Note 4) Vpp = 10V, Vg = 0.5V 1.6 13 2.25 0.9 mA
! Vpp = 15V, Vg = 1.5V 4.2 34 | 88 24 mA
lon High Level Output Current | Vpp = 5V, Vg = 4.6V —0.64 -0511 —0.88 -0.36 mA
| |(Noted) Vpp = 10V, Vg = 9.5V -1.6 —13 | ~225 -0.9 mA
' Vpp = 15V, Vg = 13.5V —42 -34| 88 —24 mA
Iin ' Input Current All Inputs Except Signal input
] Vpp = 14V, Viy = OV -0.1 —10-5| —0.1 —-1.0{ pA
: Vpp = 15V, Vi = 15V 0.1 10-5 | 0.1 1.0 | pA
T
CiN Input Capacitance Any Input (Note 3) 7.5 | pF
pr b | Total Power Dissipation  |fo = 10 kHz, R1 = 1 M0
E A2 = o, VCOw = Vpp/2
| Vpp = 5Y 0.07 mw
. Vpp = 10V 0.6 mwW
VDD = 15V 2.4 mW

TR ommmr TR e o e e

T,



[ S

- om o ow

DC Electrica! Characteristics cp40468c (Note 2)

“"m"" e v R Mpmemmmgr e e

- + +85°C
ymbol Parameter Conditions arc 26°C Units
Min | Max | Min Typ | Max | Min | Max
Ipp Quiescent Device Current | Pin5 = Vpp, Pin 14 = Vpp,
] Pin3,9 = Vgg
H Vpp = 5V 20 0.005 | 20 150 | pA
Vpp = 10V 40 001 [ 40 300 | pA
i Vpp = 15V 80 0.015 | 80 600 | pA
! Pin5 = Vpp, Pin 14 = Open,
Pin3,9 = Vgg
E Vpp = 5V 70 5 55 205 | pA
d Vpp = 10V 530 20 410 710 | pA
Vpp = 15V 1500 50 1200 1800 | pA
VoL Low Level Output Voltage | Vpp = 5V 0.05 0 0.05 005 V
Vpp = 10V 0.05 0 0.05 005 V
Vpp = 15V 0.05 0 0.05 005} V
Vou High Level Output Voltage | Vpp = SV 4.95 495 5 4.95 v
Vpp = 10V 9.95 9.95 10 9.95 v
Vop = 18V 14.95 14.95 15 14.95 v
ViL Low Level Input Voltage | Vpp = 5V, Vo = 0.5V or 4.5V 1.5 2.25 1.5 1.5 v
Comparator and Signal In | Vpp = 10V, Vp = 1V or 9V 30 45 3.0 3.0 \'
Vop = 15V, Vo = 1.8V or 13.5V 40 625 | 40 40| V
ViH High Level input Voltage | Vpp = 5V, Vg = 0.5V or 4.5V 35 3.5 275 35 v
Comparator and Signalin |Vpp = 10V, Vg = 1V or 8V 7.0 70 55 7.0 \
Vpp = 15V, Vo = 1.5V or 13.5V| 11.0 11.0 8.25 11.0 v
oL Low Level Output Current | Vpp = 5V, Vg = 0.4V 0.52 0.44 | 0.88 0.36 mA
(Note 4) Vpp = 10V, Vg = 0.5V 1.3 11 225 0.9 mA
Vpp = 15V, Vg = 1.5V 36 3.0 8.8 24 mA
loH High Level Output Current { Vpp = 5V, Vo = 4.6V ~0.52 —0.44| —0.88 -0.36 mA
(Note 4) Vpp = 10V, Vo = 9.5V —13 ~1.1 ] —2.25 —0.9 mA
Vpp = 15V, Vg = 13.5V —3.6 -30| —88 —-2.4 mA
N Input Current Al Inputs Except Signal input
Vpp = 15V, Vi = OV -03 —10~5{ ~0.3 ~1.0
Vpp = 15V, V|y = 16V 03 10-5 1 0.3 1.0 | pA
Cin Input Capacitance Any Input (Note 3) 75 pF
Pr Total Power Dissipation | f, = 10 kHz, R1 = 1 M1},
R2 = oo, VCON = Vpp/2
Vpp = 5V 0.07 mw
Vpp = 10V 0.6 mwW
Vpp = 15V 2.4 mW

Note 1 “Absohute Maximum Ratings” are those values beyond which the safety of the dovice cannot be guaranteed. They are not meant to imply that the devices
should be opersied at these imits. The table of “Recommended Operating Conditions™ and “Electrical Characterigtics™ provides conditions for actual device

operation.
Note 2 Vgg =~ OV uniess otherwise specified.

Note 3: Capacitanca is guarantead by periodic testing.
Note 4: Iy and Iy are tested one output at a time.
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AC Electrical Characteristics® cp40468M/CD4046BG Ty = 25°C,C = 50 pF

F .
symbol | Parameter | Conditions [ Min [ 1yp | max | units
VCO SECTION
oo { Operating Current fo = 10 kHz, R1 = 1 MQ,
R2 = =, VCON = Vpp/2
; Vpp = 5V 20 uA
. Vpp = 10V 90 #A
) Vpp = 15V 200 uA
fMAX E Maximum Operating Frequency C1 = 50 pF, R1 = 10k,
R2 = o, VGO = Vpp
¢ Vpp = 5V 0.4 0.8 MHz
Vpp = 10V 0.6 1.2 MHz
i Vop = 15V 1.0 1.6 MHz
Linearity VCOpy = 2.5V £0.3V,
R1 > 10k, Vpp = 5V 1 %
VCOyy = 5V 2.5V,
R1 > 400k, Vpp = 10V 1 %
VCOp = 7.5V £5V,
5 R1 > 1MQ, Vpp = 15V 1 %
Temperature-Frequency Stability %/°C<1/1.Vpp
No Frequency Offset, fpin = 0 R2 = oo
Vpp = 5V 0.12-0.24 %/°C
[ Vpp = 10V 0.04-0.08 %/°C
Vpp = 15V 0.015-0.03 %/°C
R Frequency Offset, iy # 0 Vpp = 5V 0.06-0.12 %/°C
i Vpp = 10V 0.05-0.1 %/°C
. Vpp = 15V 0.03-0.06 %/°C
VCON | InputResistance Voo = 5V 108 M2
£ Vpp = 10V 106 MQ
B Vpp = 15V 106 MO
ch Output Duty Cycle Vpp = 5V 50 %
H Vpp = 10V 50 %
I Vpp = 15V 50 %
*n-«E VCO Output Transition Time Vpp = 5V 90 200 ns
tTH‘; Vpp = 10V 50 100 ns
Vpp = 15V 45 80 ns

E
E

:
f
!
f
|
|
i

*AC Paramsters are guaranteed by DC coelated testing.
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AC Electrical Characteristics™ cD4046BM/CD4046BC Ty = 25°C, C = 50 pF (Continued)

—
1 Symbol | Parameter Conditions | Mia | Typ | Max | units
E PHASE COMPARATORS SECTION
¢ Rin Input Resistance
Signal input Vpp = 5V 1 3 MQ
Vpp = 10V 0.2 0.7 MO
Vop = 15V 0.1 0.3 Mo
Comparator input Vpp = 5V 106 MO
Vpp = 10V 106 MA
t Vpp = 15V 106 Mo
AC-Coupled Signal Input Voitage Cserigs = 1000 pF
Sensitivity f = 50 kHz
Vpp = 5V 200 400 mV
Vpp = 10V 400 800 mv
Vpp = 15V 700 1400 mv
DEMODULATOR OUTPUT
VCOw— | Offset Voltage RS 2 10kQ, Vpp = 5V 1.50 22 v
VoeMm RS = 10kN, Vpp = 10V 1.50 22 v
RS > 50 ke, Vpp'= 15V 1.50 22 v
Linearity RS 2 50k
VCO = 2.5V £0.3V, Vgp = 5V 0.1 %
VGO = 5V +2.5V, Vpp = 10V 0.6 %
VGO = 7.5V %5V, Vpp = 15V 0.8 %
ZENER DIODE
i vz Zener Diode Voitage 1z = 50 pA 6.3 70 7.7 v
Rz Zener Dynamic Resistance Iz =1mA 100 4]

TN wrx TTOW  mopem mmor
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I o T T

[ T

*AC Parameters are guaranteed by DC comrelsted testing.
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Pha:se Comparator State Diagrams

b
: PHASE COMPARATOR |
1 INPUT STATE 1
v coml\:noa ~ L "
: 1
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I PHASE COMP | OUT ) | 1
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i PHASE COMPARATOR i1
i INPUT STATE
E COMPARATOR
&

SIGNAL
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4
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: PHASE PULSES o 1 ’
} TUF/5068-3
i FIGURE 2
Typical Waveforms
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Vsg Vss

v
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Vot

Vou
Voy
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FIGURE 3. Typical Waveform Employing Phase
Comparator | in Locked Condition
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FIGURE A. Typical Waveform Employing Phase
Comparator if in Locked Condition
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T ypical Performance Characteristics

Typical Center Frequency vs C1
for R1 = 10 ke, 100 knand 1 Mn

107 S ot —ry
T n“ i fnTA - 25 C:
T o106 o VEOy = Vpp/2, RZ = == 4
— i 1t 1 (4 111
pes 108 > r_VDD 15V
E 11 l l L‘L
= an VDD = 10\1
a 108 F =+
P SHE VDD -5V 3
(38 et
[a o 103 %7 =
= 7
=
& 10l | R1= 10K
1 T
.o 101 TR1 = 100k
I_Thr .1
l' R‘ = 1M B
10-5 103 10-3 10-2 10— 1 10 102
€1 = VCO TIMING CAPACITOR {uF) A\
FIGURE 5a
Typical Frequency vs C1
107 for R2 = 10 k{1, 100 k? and 1 MQ
T =25°C
106 || VEO|pn = Vgg
= 1 _Vpp =15V
£ 05 L7 2)
g :: > uynnfu‘nmlvx
4 & =0
§ 10 #E*EVUU%V::::
= 103 ™
5 3
i - 4
z 102 it
= }'R2 = 100k
10! R
}R2 = 1M1}
1 IRIEEEITRINE)
165 108 10-3 10-2 10-1 1 10 102
€1 — VCO TIMING CAPACITOR (uF) .
TL/F/5068-1
FIGURE 5b
Note: To obtain appr total powex dissipation of PLL system for no-signal input Phase Comparator |, Pg (Total) = Pp (fa) + Pp (faun) + Pp {Rg): Phase

Comparator il, Pg (Total) = Pp (fagn).




Typical Performance Characteristics (continued)

v 4 Typical fuax/fum vs R2/R1
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TUF/6968-14
H FIGURE 5C
i
Typical VCO Power Dissipation
i at Center Frequency vs R1
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4 TUF/6068~-15

§ FIGURE 6a
Note: To obtain approximate total power dissipation of PLL system for no-gignal input: Phase Comparator 1, Pp (Total) = Pp {fo) + Pp thand + Pp (Rg); Phase
Comparator 11, Pp (Total) = Pp (fyan)-
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Typical Performance Characteristics (continued)

Pp — VCO POWER DISSIPATION (uW)

Pp - SCURCE FOLLOWER POWER DISSIPATION (uW)

Node: To obtain approximate total power dissipation of PLL system for no-signal input: Phase Comparator I, Pg (Total) = Pp (o) + Pp than) + Pp (Rg): Phase

Comparator Il, Pp (Total) = Pp {fund.
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Typjcal Performance Characteristics (Continued)
i

‘ 103 i 3 1 e L1 I 1 L J 177 Ly L] 3
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i 2 1 f(sv RN
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1 3 L . fo 44
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! z 10 1100 pF
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i FIGURE 7. Typical VCO Linearity vs R1 and C1

Note: To cbtain approxi totat power dissip of PLL system for no-signal input Phase Comparator L. Pp (Total) = Pp (fo) + Pp (van) + Pp (Rg): Phase

rgtor f, Pp (Total) = Pp ().
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# Design Information
! This information is a guide for approximating the value of In addition to the given design information, refer to Figure 5
1 extornal components for the CD40468B in a phase-locked- for R1, R2 and C1 component selections.
g loop sysiem. The selected external components must be
within the following ranges: R1, R2 > 10 kQ, Rg > 10 kQ,
E C1 = 50 pF.
' Using Phase Comparator | Using Phase Comparator Il
Characteristics
VCO Without Offset VCO With Offset VCO Without Offset VCO With Offset
R2 = R2 = »
i VCO Frequency
| foax fax — faax - ax f
e 24 o m
Y - . —t
to . o i
.
[, 1 1 -y 1 { oo
Yool Voo Vap? voo Voo (7" Yan'2 vep
VCO PUT VOLTAGE VOO MPUT VOLTAGE VCO PHT VBLTAGE VIO INPUT VELTAGT
TL/F/5068-7 TUL/F/5066-8 TL/F/6068-9 TL/F/5068-10
For No Signal input VCO in PLL system will adjust VCO in PLL system will adjust to
to center frequency, fo lowest operating frequency, fmin
Frequency Lock 2 f = tull VCO frequency range
Range, 2 fi_ 21 = fmax — fmin
Frequency Capture ]
fange, 2 i " 4
“ 1 L
TR 02 29 = —
1: i T 71
TL/F/6068-11
Loop Filter ol 2 fc=f
Component
Selection g For 2 ¢, see Ref.
T 7]
TLIF/5068-12
Phase Angle Between 90" at center frequency (fo), approximating Always 0° in lock
Single and Comparator 0° and 180° at ends of lock range (2 f;) .
Locks on Harmonics Yes No
of Center Frequency
Signal Input Noise High Low
Rejection
VGO Component Given: fo. Given: f, and fL. Given: fmax. Given: fmin and fmax.
Seiection Use f, with Calcutate fomin Calcutate , from Use fyip with
Figuwre 5a to from the equation the equation Figure 5b to
determine R1 f determine R2 and C1.
and C1. foin = fo = 1. fo. = 12X .
Usé fmin, With Figure 5b 2 Calculate 2%,
1o determine R2 and C1. | Use f, with Figure 5a to . fmin
determine R1 and C1. max i
Calculate fmax Use " with Figure 5¢
f min min
" to determine ratio
TomigR Cation R2/R1 to oblain R1.
fmax _ fo+ 1L
fmin fo — fL‘
f
Use 22 with Figure 5¢
Tmin
to determine ratio R2/
R1 to obtain R1.
References
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