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ABSTRACT A

This project is designed to modify speech signal which is an analog
one into digital signal of CVSD ( Continuous Variable Slope Delta Modulation ). This CcvsD
type has advantages over the PCM type in that its bit rate is four times lower and
that modulation is effected through MOD of FSK type. Furthermore, the untilisation of
the synthesizer has made it possible to modify or alter the frequency of the carrier.
This synthesizer, adopted in this project, functions under

the manual sysiem.
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y .,. . a1 a2
Wa Ca ApTUIATENdARI dIuANDAAsa lumiatsineasadung
NA70U1 Loop Gis)H(s)
Type 1. Gis)H(s) K/S (S+a)
2
K(S+a) / S

(]

Type 2. G(s)H(s)

Type 3.Gls)H(s) = K(S+al (S+b) /S’
AN Final Value 1989 Phase error @WMFULLLT 1.( Type 1) latitlaw Step position fdu
wnlil Bis) = Co/s azld
Oels) = [1/{1+K/S(S+a) }1[Cp/s]
(S+a) Cp /(S +3aS +K)

Oe (t—> QL) lim SOe (s)

im S(S+a) Cp /(S +aS +K)

[}

=0
QuitiulFdnT Stedy State Watandisafazlil (6 = 0)
wsitindtyoynudiunmitly Stedy Velocity
Bits) = CuS
e ls) = [1/{1+KSS+alCv/S |
e (s) = (S+a)CvS(S +aS+K)
Be (t—>0L) = lim S (S+a) Cv/S (S'+aS + K)
= aCv/K = A

uazdindrycyroudunniddu Step Acceleration

Ol = 2ca/sS (6)
Oes) = 2(S+A)ICA/IS +aS+K)] (7)
Oe (t—>0L) = imS*2(S+a)Ca/lS (S +aS+K)

— lim 20S+2a)Ca/[S(S +aS+K)
~ o
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paragllifanisng

Duny TYPE 1 TYPE 2 TYPE 3
Step Position 0 0 0
Step Velocity Constant 0 0
Step Acceleration a r Constant 0

AT 1. Stedy State Error for Various System Type

Arnfiawanaaugud  azuandiifuirdyguduniiassseanasinames
finadn :

nAtanamnaluAAI - Constant  JNazuan I NTAANLANGNNIUN

e

- .

usnuaznn iadan

=

|

v
ATEMIWBUNNYNARITEY Phase Detector wsitWadaaanat)
fnfianaramaaiiAmaniuGas 4 ( Continualy increasing Be ( t —>QL ) Az

uam iiuinmaasuldsuilasmunananasativssunaeluden

2.2 2sildRmALAas
waAmAmas (Phase Detector) L{'Jumuuﬁwmwmﬁﬂnqﬂ adhusarutinfivin 1
Rausediu aunneniananeaidwinaassaiu ‘iqmLmﬁuﬁﬂmngafanmﬁqnﬂuﬁmm
wlstiumuausanazesdtyoyndunwm 2 dyansiidanluasinames
anwouzaaanwanmareiamisoutiiniinuaanitiuy 2 wiide
1. ausanIN@RANALARS (Analog Phase Detector)
Tud msfinafiadnimazulsfummuneaesdtyyio@umm awsimwhiiliun 1
dudinmes (Balance Mixer) LazumnLAsmmainas (Sampling Detector) ilunasiuualng
Widtyyrugneds fr Iudtyarouiad deiiaunanad Tinsgudtyyrndunmaaego
andu 1 Inefidniazdusamdoulannseiu
2. aAnginaasinafinaras (Exclusive OR Phase Detector)
iawraiianennginesfinnuinduafinawesly  TaeRdwiwadlu 1 Ase

dl - - ] o a dl' a ‘:x - & [ o
Wdtyrudunnilinasinaiuuazasdaniuy “0” Wadunnyassiivamilouiu usiuaden

|
L

v o -l - [
wviwnraananmamraiaziunnannis
Vo,,=Vp + D

Tnefl Vp = WhARaUgIaATDIREAN “1”
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D = duty cycle

weor ] L LT
VCO .__l I___l I_l l—_

VO LTAGE
P/O

»

70 210 a uasdyydnuoiuausnngiviaefinadmaines
b. ugeUNAUEVIHMRANRRSTUTEnd R Buisaasiidnun
¢. kanAaNIRBUNNIEVIRnIaaasvmamas

v
=i

AnAuaNTmauymdIMIsIMaimamaiiel  aziudnanuisoldlilugag
ANINATENIN
0-7 Tmﬂﬁﬁzymwmauwwﬁmﬂuﬁmfnm RaRlTARYINL 50 Wl Lmzvé"lﬁvgwﬁ‘lﬁq:
flanudiih 2 wiwmm'mﬁ'%uvm davANTBIABNE SN LV Vyo 270
2.2 wa-visningf anwmamaHtanauaaLAnanes
(Eedge - Triggered Phase Detector)

uadmawmesdnaiaviei livaumasuiuian i aussdudvinniigng

wustiuiyr dryoyrouBuwnnia 2 Midnan Mauaaslugil 2.1

R Q — R q—

7% 2.11 uane RS FF wadmamef
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JLIL L s,

— in%ut

_ ingut

Q
input

#12.12 uansdyoruBurnidinnaes RS FF idaamames

=2

L o YR B R ‘

v

»
»

-

2T 3T 47T 0

0 0
180 360

917 2.13 wanpANTRAUWNIE YNN8 FIF manmamas

ang aziuladn wasmadmaraiildvisnssntaudyyinmad arunsaldany

v [
sinaalasiaus 0 - 270 (i 2 wireveangTnesd) uazAbLedtyyINIEINN Az
argnilisuiusiasiiAdanladawiniu 50 wefinws dauasunediuinuy

- ~_ )

AUAUWNWAdLS

fAWINL Vyy 270
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Up
Charge
Down pump
]: C
Q1a —1Q 22
CLOCK CLOCK
D D
b <
input Input
Quw Qa2
CLOCK CLOCK
High 1D DF———— High
R R

l o/P

917 2,14 aswAmaiainsan D - Flip Flop

3.NE - WHAAUTAINALAES (Phase - Frequency Detector)
Q:Lﬁu‘lﬁdﬂtwaﬁmmmmﬂmuvaﬂﬂq%wﬂm‘uﬂ:uuuvxlﬁuwaamnﬂmq%ﬁﬁmu"ﬁﬁ
Hhurasmanesisd LtﬁiﬁiﬂfiﬁﬁmmﬂuﬁaLmme-imﬂum”'aqﬁnfnﬁaLﬂﬂfﬁmmﬁmtﬁwﬁvywﬁﬁ
ipazuenARaTeusIATRgBIN"Y tandarii i lunsanagengluds axlinaney
auaedn deduyniaomidwiunn AT nimudhneamafiandamn
mefiflaufifaunniessangnn

nasadandAmemeiasionldiunmsiadenqUiidieanns  nisneuausdlu
und1e uluneasdassiAnNG (Frequency Synthesizer) WTANATAIANANNITY 189
uawafitlusiu

2.3 quWatmad (LOOP FILTER)

Qﬂ‘ﬂameaﬂﬂudqua’ﬂﬁrg%'nmuuﬁq'lu?:uumlﬂﬁﬂnqﬂ tieesasiiliun  ms
pauAtnsaean, uAthaes, wuuiin Lm:m?muaumﬁifmmuéﬂummqﬂ Amfuguia

dla‘lldd < ° v a‘l a;o;
wafluntinAeNAs TR lanIAsITNAN muu’mnmaLﬂ'mw*}:ﬁmm'\mmwnmmmuau
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prwidinas VCO quitawmef  fushduusauanEmafaulaanaudiganiozient

Bundn graasTiidang (Transieny G1idendnsnisrenugy (Loop Gain) UAZAIANTEY
quliLoop Time Constant) limnnzan mm%mmlﬂﬁfan@ﬂ@:”hiﬁfanua:qnﬂ%uuﬂamsj
ARBALIAT .

fatiu  Aassnnaresguiiameiasseslinnniiuly Lﬁﬂdmnﬂ%ﬁtﬂﬁ'uumwﬁ
wasanguazdantéiiia Tnelifinnsazyin (Over Shoot Wielinanuwaauprutietnada
widnmsinanTlinnssisaflleunssiinnaiidniebifveteinil 215 Fuans
msuatupaaiiaes VCO auiidnannidunanswasuudaaussdull 3 @unne dune
A dhudunsrianeauantCritcal Damp) THaanlunsuaouannilvitiesiian e B
FundndunndwnaiunmiliUnder Damp) ﬁn'\m;ﬂmﬁmmn%wﬂﬁm Eun C idhudu
materafuanil(Over Damp) ‘hJ'flT’ﬂL')’r)‘f"ﬂmwiL’]ﬂﬁﬁ'l"ﬂuﬂ’lﬂ‘ﬁ’]ijﬂ’]’mﬁl‘luu"ﬁ:‘f’]

paduaziiuin dune A ifhuduneiangalunireanuuy ANAGRNAILEIN

arqUilawiafinezlfandsunauiFauazlifilenaifn

Aruiia

W3 IAUN 11

e veo!

Caraiisn

217 2.15 Arudnwurlunsulasuanutiveanadengy
wihfiaslannaRameflumadangy fwihilug q ef 2 Usznsie
' 4 - - -

1. aadnAuAsaRdeuTiiuANiigaiaanainaaanFauiiaua(Phase
Compatator) TmulﬁamauﬁnwﬁﬁmﬁrqummmuuauﬂuﬁoﬁﬂﬁtﬁmmLmﬁumﬁa
(Average DC Voltage) iarinlilaauanaeas vCO

2. vwifiauaunmina ey Gauegiudeuls (il

2.1 uptiRafuazdanisus
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2.2 WU
2.3 NMIRAUAUDIAANI T
d; < 'r + o ﬂl ﬁ; 1 } 4
asanTanialainasanfiusiiaaIARABUIBIANNITENINgUIAIER
dhwsruaunmsualiaeflasnsnuasnaniprananeuauesiirizasursfangy
nsandaanieaeiamesf avdanalidanisminuresscuuhe
1. quanmswathasfazdinauaryadulng (Ful in Time) Wiy
2. dumianfaranas
3. AMATANNAWADIA TN (Interference Rejection) 18MaRangUazAty
IITANUNAUARIAIARBUITBIAINAMND A Ty Y UsUNIRAL g NaRaa L
4. uanauAuBiaIrIBUWasangUsanisiRuwiueedy oy ondngin
dl a [l o~ L4
anutuaiaefavagludnuuisniglsinisuaad
2.3.2 23’5lanaWainas (LPF)
lussuuiadanguasiawaslannafawafidudoulsenevegiane (918
1 4 =y rein 2o =i + ar ‘:‘:
nanaienaslanaamatenldiuliag) 3 uuusail

1. 29RINTAIAMNDABUAL 1 wLL R-C

A

317 2.16 wansladwnanawmaduiy 1 Tnglgaeas RC

gﬂ?i 2.16 Tmﬂﬁo‘lﬂqzrfiﬂ'asﬁwdfmMaﬁmmmﬂfﬁu VCO - ArnaspaniAvaay
(Cutoff Frequen, W) anxnsamleiangainns
W e = 1/RC Rad/Sec
ﬁhmmﬂqwﬁiﬁ?mmﬁmmqﬂ (Loop Natural Frequency,wn)muq?nm"lﬁmnmfmﬁ
ﬁ’wam:l'umqummﬂfnuﬁ Taaanns
W, =(KdKv.W,pe)
dle  Kd AeuLefiunu (Convertion Gainlzeawainawmas wiaer (VolySec)
kv AEULIAFTUNLLAY VCO Wiat (Rad/SecNolt
AT TRUNALETNANNNS

€ = N.Wn/(2Kd.Kv)



2. 2INTDIAMNDULL UAN-BA (Lag-Lead Circuitifauanalugyl 2.17

R1
+ +

R2

Vi Vo

- O ’e) -

U7 217 2987 uan-Aa SufLMil ( Lead - lag Filter )

Fhﬂmuﬁﬁ'ﬂﬁﬂﬂa"\m"wqmmmmw?‘i-nﬁﬂﬁm‘lﬁmnaum?

W, = 1/(R1+R2)C
uAzATMAETINI RN IEaNaUNNS

Wn = (Kd.Kv/NC(R1+R2)) "
uazunthuAme Nl nannag

€ = 0.5 Wn(R2c+N/Kd Ky)

3. WATWNATHULLL Uan-am waainfsntituna¥aiuceasueninilamas

R2 o}

65

R1

e, O
77 2.18 2asunpiiniames Sud 1

AEiAnaavmldanannis

W,e = 1/R1.C _ (Red/Sec)
Aaeglanadissaned

Wn = (Kd.KyN.CR1)"
uithunames wnanaunas

€ = wWn.R2.0)2
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2.3.3 Tannsanlumsaanuuugliainad
1. diasniamefussduiiinanefildeatuen] Idarfdududu
L& v v ' '
wafminiu suduissinudasuilanandumatidey RalfAusiuAsaARau (Error
Voitage) A nsaadaiaimaiauitaaiuan VCO lagnianiuanuiananaiiiaiy davin
WinefigalaunisnduBumn Fr uaz Fv ikadmamas
2. naciaRmamefldwimniduiidiaeus Kd = vdd2
3. wAsuaAINRaraianaiansdnsa fgquiiansfiananadanad
-t ol (. 7 L. =‘l‘ ey é’ d: < : d'
wanmamafiilugnwian 7 Mufanswdsulanedfaiulugy nadiliasfntuannzqud
- - e d Y < i o
Miaamamefiduriiaidnes e ndwinnsaarafmamesildouwlandu “0” via
“1” lwiuiiula  wananilanuiBuwnraslamefinacidinin  fduddnmdiaune
R1/R2 wnndn 10 anudidazgnuenslasdmnadqures RI/R2 Hranansamnldaaslvidnm
B\ b
dquliliAaengn
L5 4 d\. o ° A. B « 4 oo oa £ o~
Asufinsaniresestuanva lilaenainlanaflamefneussasduiiinsmas aa

2.25

=

el
IMPROVE TRANSIEN SUPPRESSION

WITH R1-Cc

R2 C

R1/2 R1/2

P T oIP
O 0

7N 2.19A FRwimsnudeudan R1-Ce

- “ Y e o o« - p -
N8B Rs << R1/2: Rs ﬂ'ﬂLﬂ'WW!VI'ﬂNWLLﬂu‘nm'ﬂQlNﬂmW]ﬂlﬂﬂ?

We = 4/R1.Cc
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Wc=1/R2.Cc
P

311 2.198 ul Overshoot i £ > 1.0 faunsuiin Zero

A ngun 2.19A aunroAnantAnaanliain 4/R1.Co funarmamefiiuna

mﬂaLi'lmmnﬁmwﬁ'\uvnutﬁwfwvnﬁﬂ Ao "wa'aﬂmmwa?mwmu gufhullfaesas
LANNANANNTEITNTNR 510 W mmmn‘iwemLﬁmmmmﬁmﬁuau m'ag]'lné’m'mﬁﬁi?u
1R AL ﬁﬁ'lﬁqmﬁm'iﬂmﬂrgmmnw uavuawafaﬂ‘lmmv{ammmn'uu AgvinliAnnREneBs
(W) qnamwaummmmmuw‘lﬂmwm veo paafluusssuaadnamun muﬂ?vnﬂmm
Ll AdasinWidiynaes VCO ummﬂqmwmﬂmeuw‘lu'b'nmrn L
wALAN VCO qumJ?:nﬂuwiu'l‘nmu'lumf-\vmmnm’mnmqmuavuﬂnqu 1 lwaeas
wppnamaiay wininadasliuusanuadson muwmi"umaw‘lﬂmmmmmﬂnmuum
'luwmﬁrym'\mmmuwmwwun'm'lumm mmmmﬂ'n'numwu&’mm'\mi‘umumfmamm'\
izl Ltﬂ"ﬂ‘a‘“l.LMU’ﬂWﬂl&Wﬂﬂﬂ')ﬂ&ﬂﬂV\ﬂﬂ Lufm'mmfmfwmm‘:uﬂmmwmmmﬂa
AmAwmad asyinlipnnuRana I adana Luﬂfaq'lummqvmuummnm'\quﬂmn nscid
Hamefuuunnainiamed RasiiARanaaluaniazaty (steady state error) HANNYUDA
ﬁvlﬂmmm’mmzwwnﬂﬂamma:mmzuﬂ‘mammnnfmvaﬂwﬂﬁmmm aeinQlsNANNNIA
'nﬂﬁmmaé'luquwam{w'ﬂﬂiuqﬂmufaw.vaﬂmmm R1 gaeneaTnnaiainnsouiseandiy
R12 udald Ce qu-uu‘lm-nummnmmﬂuﬁﬂw 2.19B LvaV'I"lﬁ%'n'\'rﬁ'\mrumquﬁﬁmaﬂ
wuLtAeaiu

4 wseiuRlAIAN VCO m?ﬁdquﬂ?:nﬂuﬁ‘lﬂwLﬂ"ﬁﬁﬂﬂﬁgm dou
ﬂ?vnﬂum'lu'l'nmrm:m'lumfmmmﬂwmm VCO mmﬁqﬁmﬁ’lﬂﬁmm? (Spurious Output)

hulofuuug 'umm’mnmoaqm?qnmqm‘lﬂ'lumnmm
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Volts$
Vdd
f
> Hz
Volts
{L
veo™N /N
f > Hz

U7 2.20 usmegiladudinneearafmamefuasuiiinanes

sladuangn 220 vinliAslgsfuuwimduiuiiuuaded (Cared 183 VCO #
aunrnanazlalssinnldann
(Sideband/Carrier) = V.Kv/2Wy

138 V ABAILTIAUEEA (Peak Value) 189A2NNENAITIAUNNTEY VCO

| L
AN o +Vcec
(+5 TO +15

—

71 2.21 assTannafawmeidusiu 2 Taaldeetua]

We = 0.636/ RC
WiaanaAn R

1K<R< 1M
Whaanan €

C = 0.5/\Wc.R

038363
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Vee

Vin Tr. NPN
T T
) oV
l % 51K

917l 2.22 29a7 LPF 8 2

4C

[o]

L '

Tneldnsugamessieuuy  (Emiter Follower dudwinnilAanndn vee ag 0.1 V

naasariimnylasadnyyinisunauaInumMasant Vee
dvsunslarmarefidnimnsaanadimanes taasaseiufamaivuy

o

NRWUNIBSA (Summing Network)

. TOVCO

2117l 2.23 2asRamefuarduiiauniaein
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anasnuntsanlosuuwd Inolisunnaesnasiuglae
dB = 41 Log (W W)
dAmiunnainawmeise
dB = 2| Log (W /Wj)
5. dwiLmarmamefidunestin CMOS 1uevBunefAaseny)
woslfiaaludaly 22 vdd  daumladmameifasgananuaiissananinamafusiay

«
tuas

- a » [ .
2.4 NRTURARANMNDIAIUANAEILTINU ( Voltage control oscillator - VCO )
AnuaNTHvAN1a Vo Mdluaiengul iiansan il
241 mafeniwueenud ( Frequency Deviation ) qngeantadpliaafisudas
windununiseenaguidla ( Open Loop Gain )
242 |ATHINMNNAND ( Frequency Stability ) nisHiadusniwniaandatiy
atNEdMILRTRIATIzTAIND ANlaTaIntTegLIan ( Modulation Sensitivity )
243 NISRALAUBY ( Response ) VCO AasiinnsmauauasdyunlinuariinnsIv
-y ] aam, v -l
finasaAuaNEnAuaiasnnaagy
24.4 Qmau%mmmwﬁuammﬁu ( Frequency Voltage Characteristic ) VCO ALHDd
M dauIIANDARLIS ( F / V) ATAMThadudy ( linear )
245 Spectral Purity lunnsuszanaldanu ifunisdanzianuiuLLauIAen 233
- - -~ - al o S A - -«
nanANDAdLANTAEUTIIL  AdTRETid I WINLTAND Aatiuuadugleninesar
WupdunAdanang
lunnseanuuumadangy ﬂfazﬁaLamm’ﬁmuquﬁ')ﬂui'qﬁuﬂnqztﬂudouﬁq:ﬁﬂq
ﬁms‘rmmnﬁqmmﬂ:d'\ﬁa“m:rm:ﬁLﬂm'awzuummvﬁumﬁmmwmmszuu uAZIAnYS
a; 1’, =l Ai -3 - v dv " & A; 2 -
nraeANDININITANagIanAfuewidNAInALaaTauagNy VCO waldiiaanu
ARBIFINANTGA VCO AssiaailpmuantiFaal
246 Anwuzmanlasuussiaiuanuidadu
- PR
2.4.7 LANLININIRIAMNDA
248 awnsaldiuaaungals
249 8RTINTIENLY
2.4.10 REBNTHARINNIN

2.4.11 MemaANDnIzinlsdne
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< rdl ' v “ i v LU-34 -
NTAATIEMTINANNIRLUAR LA NIZNATITNDT Tunuldanuaianseanig
luganiid deliinsasineilfieniynasaisasanunsodtifeantiiagm 1.2 uas 3z
2.14 Tananaziuasianiasiiuiu m?"‘:memﬂﬁuﬂmﬁqm’mﬁmmﬁrymmwhﬁu n13aan
MNILH muum’luqﬂunmmmqmmLmﬁzmmumduummﬂu 3 4 win Llensasians
apaTaanudn om 1esqUnsnluendv Az anAIRUTNANITIaTET Felurnusiinnetes
&younuazan Tmuﬂnmmmmﬁqﬁ’mrg'\mw‘lmum"’lumu 26 % 94fNFa DC Fineasing
ANUNALAE qﬂnirﬁuﬂﬂﬁﬂw'l'ﬁmmmm FET via MOS - FET snldfaninulduadiiiu
-l L

ey

983 VCO {fhudnulsznaniidnAyratszuumadangd aadieinnaas VCO Az

o -J 4: 0o <l Adl o o~ L o
uﬂm’mmmuﬂuv!wwmuqu'nmz'l'mﬁLﬂaaummu‘lum'lunm%‘uﬂﬂ

. TOOSC TO OSC

174

Vin i D1 Vin Zf D2
o —O0 o— S 3 —O0

s 224 wamannsldnumliinsaseeadaianas

X
K
2

\

;ﬂ'n 2.24A Andmed ﬁzum'f)uwmwnmwmwn'l'nmu mummmmmmu DC
AANANNNATIVIULNT ww’lmﬂw 294 SidadnRATiLsaiU AC ATENLTIAUATEN L1 Faazin
'Lﬁm'mLﬁﬂutﬁmuﬁummnw’m'\u

Fauflavn1ilangUi 224810180 D1,02 sanduriy ynluftoyminisean Wg wsidd
AN ( Capacitnce ) 998184 D1,02 ALaARIFMUTN ez D1,D2fasilAnANTR IndiALeiu
mnvmﬂmﬂmmvmunuﬂq'lummmenu

FleldaBuadimiunasiunarsesdaamned mmwmmmmmﬂﬂmmm‘lﬂmu
uC1,C2 Lm::'lumaﬂﬁimni‘ﬁiw FET AsanAna8a CISS ( common source input capacitance )
WiL C1 uay COSS ( common source output capacitance ) Wiy €2 TrufvmuAdNANRTITaY
Y11 uay Y22 lifinaiuneas

 qananms
= (r(L*C)1/2) -1 (2.20)

Tnefl C, Ao
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C; = Co+((C1+CISS) * (C2 + COSS ) (2.21)
(C1+CISS) +(C1+COSS)

P L ] -~ < o o °
4 CD ApAtAINqEBMTIUALINLIUBUN LA 1 uazaNTINMUA

asmsuuuAadlunad ( PRESCALE 2 MODULUS )

daudnftyreasannsuuuitie lefmezge ECT Gellanmannsalunisvinmdd
AN Msin1snsauiiwiie PRESCALE Aeununafainisinaniludnoizivngla
2 pfaganen 2 Araduidlusnlefidien lanGunlednsega ECL 41 Wiananaitiinaas
Tugda ( dual modulus prescaler )

et rﬁ d‘y o~ g - ' a . ] =

WianaeafiaunsansaNiifaesinee 2 6 Teanaiuag 1 1umnT 10 wie 11
Fundn 1011 Wianaaef

Tlasse il MC 12017 Gaiflu 64/65 Wisinawaad wimvzaswTanaees Az
Hauliurinsasms 2 #a Taesauiladlufafman ( main counter ) dauBnsaiiudai |
auxiliary counter )

Fomnnuaziuimisnlidainameimnsdaudavns ( modulus ) fialaAemnsdag
64 e 65 wiutlewdens ( AE ) vievFasaa i (g ) N uasluanisil ECT
wsanawas 19 65 Wudams Wewmlinefiaiumgaiy Sedemdlihidulinianained
waesowmadlu 64

L ~ g i & ’ ar . o d‘ o« d. CAULS v

Fovuvdnfiiwdaaru azdan q dudeswdtluGes q swdlugued iadauuman
uazFLsLdgudisialafiegasgrviiondaadanedeys ( Aowd ) dlavandtiy
i@InAzFnaiutvguinau Fuuiaeiwaa iianinefidiuasfieiaandifiaiaingion
Wiandiimaiuan

aunRdFaaTRaaEi M Wisaduudn uaz A WundinTuaty Guusnlindana

- 1 4‘ (%4 o W fer  a Y (% r.'« 3 dl

wafagluanimng 65 Tefeannsians 65 llsundiinfusinasiuiuguiiipanan
Wlunsiusessainaniugudandudundaia ( 989 veo ) Admliviniu 65 g
fnt A laifia

wiamiuwiainanefazgmisdu b Reusanadu 64 ( Taadndudia ) Tune
-’d’v o~ e ] } 4 v o e - 1 [ o <4 1l - ' n‘
Srumenviindlyl A uda ( Wiensatiuigdn ) viufu davdeatBn (M - A) lndareun
v Suiteasdasinarlunniusaduiiellnaniudmauladia ( 18e VCO )W

riliiviniu 65 gousag (M- A)
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ﬂ:ﬁumunﬂ'r?i'l‘iﬁqtﬂuua?fm'ummmv?\mm'ﬁwﬁuﬁﬂ
vCO 'lafia = 65A + 64 (M-A) = 64M + A
AINNTIRY VCO Azwinfl (64M + A) YinT99ANNTIENeB S
Fsynth = Fref (64m + A)
HEUBAT M THAREAIIME Fsynth NANNGFALAT A B 64 wihnanantiFawng
64 (M + A ) Aliansamldasuynad ilosannidednianse?i M azdennndn ( viau
M)A
neffwsainawasiianiu P usz N faneasithuiadl
ﬁqmﬂmizuuﬁqLm’\:vfm’mﬁ = PM+ A

FIMNTAGA

P(P-1)

Pmmax + Amax

FaMNTIgn

Phase Detector

fo = Nfi
fr + Filter VCO ).
F(s) Kols o
Prescale _ [ =P of P+1
2 modulus " |
Program(N) |,
Divider
Program(A)
"l Divider

7171 225 wiafanquuinmainareslunda
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unn 8

DELTA MODULATION (DM)

DM Ao NITuABeeINTIuas TUULDY pulse Faiipnunsamnesa (Fixed width pules)
- . v 40 [ v o ° - X . <
Taeidn (Polarity) W D1in ik Demodulator NWAUTL NI output GATU (rise) Y78 ANRINT
(fall) Tugaaudas pulse Adnn

sruu DM

Pulse -
Generator

b

m(t) Channel (i
Modulator —p ~ — —p| fegenerat m(t)
or
integrator
m(t) :
g 31 wAnmswaasnegiaty
N9AUAN

1) Comparator Wlvuuy High gain differential comparatpr
* ﬁmmﬂmﬁq:mﬂfamﬁﬁmq noninverting input (+)
* ﬁmmﬁmﬁnﬁ'\mq inverting input Lﬂuﬁmmwmﬁﬁmmnm? feed back NALNIATN
Output Tmﬂﬁa"nmm:ﬂa”wﬁummqmﬁféqum
* Comparator Q¥ Saturation lunnadu positive vi3a negative Supply Voltage atinaln
ﬂfj'\mﬁq %uﬂﬂﬁ’u%wm Voltage WAGINITNIN input { + i volt qm?fas'i'md'\ - input ) Fages
aviu output ATHUA + 13D -
2) Modutator ‘¥ pulse pi (1) {luuiL unipolar (Adnguina) Tneil Sampling rate Wind
Fanns Hutid SW. Wi output 984 Mod. eanhllé puse (flu +1 vie -1 Aa gnadusiag pulse
ﬁrym'\mﬁuﬂnmmzqndmﬂﬁlﬂu‘flu output polt) wiasatiaunauiuileunna input TABNIWNAT

Integrator AW
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y 4 Y oL o AT v
3) Integrator aza¥gladuiniulafianugenes Inedeciuiiald puse + uasdn
aeanaddialy puse - MNThidtyoyans min Avwgeees puise iLTATannsREulas gain

1 ' v U v
factor 184 Integrator NTLAN gain Axil¥fgLlaAwT Maximum rate Rmax 184n15 UGN

YA

1. Regenerator azwsidtynsiidnanlslaaan noise Wiuilaugihdn

2. Integrator a?qqﬁ’tym'\mtﬂugﬂ%uﬁuim m'(t)

3. Lowpass Filter 947 Quantization Noise ftyqyans m” () fazaanTumilaudryoroudy

1
-l

g

3.1 uanNMSLARGINAALATU ( Delta Modulation )

annmmaaedhdlasanasil Blletdgagunnuladygyrusnsaniluianas
Husiia wnasiuagadu Wledwas MC 3417 Wluatindaaas ( continuous variable slope delta
modulation and demodulation fadninTedannaRsaagady Ae uaunfeatudlfandgn
. o alg v ' - - ' , 4
AnialagaElEunAn uazargendnaruigeantesdynyandugmnnndy 2 winaul
. | a -l -t PN - .
Andunii AeanuiiareimaAnuulasninugeaadtyonnnizalauniindisud (dynamicrange)

} 4 Q./ al ) - (a; o v - “. - o ¥ a:
sruLmaAuangadiusIsialArlauindiuauaL Afludiesidauininvinwifivenela
wiindinslinirady Taansaauaudasnistenerasauiingaes integrator ) e lMRaL
' d‘d o v e :dtﬂl - ) v tll
auassadnyyraiiaaduRnn q Iin szuuiififeGanimidn ssuueaninga Tl
wasuudasanudusatias v3a CVSD ( continuous variable slope delta modulation )
v

stuy CVSDYREMMuaIanewaanilufanasuasduilainduanianaaiiuauaen
71 3.2 uaz UM 3.3 Mua1ALAENIT18e CVSD fine HinnsastaszAudynIns Tazanal4a5ne
SalvTIaaunng (register) Amiuiiudioyanigadiuau 3 i 4 in ufamsaagdniu 0" wue
- L ] 1 4 [] i A:A’ o« 2 A’ ] ’:/
Wae 1" wusmviel  dlduansinansiisamnsienaigenenizlutoniu udaureanns

a < f ° [ el o el =) ' 2/ ] > -] PRPR
wlaendu Aimevnauludnusdaadu A THAaweinsaagieya duilu 0" vua vz “1
vumviteliudadanisaaunudnsnisrenesesduiiinnnefiaenateaiu

dvsuiniam bit rate) e SnsdaresdesadmiAinanafnaguadu faaadivi
fupaadyoronning @esyalussuuinedmd Sunuaaiindie 4 Alad piaaldmannd

w1 16 AladEm Iideyasanaafifiiniem 16 Aladindaduni
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v ' [
Tulasseniiacld ladiues MC 3417 gealninlsand thifeainagiadu uatinagadusiniiun
o L % —i :" & aa [ % aa 1 o
nmtihnaulasdyauewnaaniuaanas wazwlasnduanaanaaiuauiaanunldn

cyuReansare ndfidussuufanaa

CLOCK
e(t) l
DIGITAL OUT

COMPARATOR— SAMPLER l

AUDIO IN
—>

v

i LEVEL
DETECT
ALGORITHM

: v

SLOPE SLOPE

INTEGRATOR ¢ POLARITY €—— MAGNITUDE
~SWITCH CONTROL

17 3.2 UEanuuntanimnnurasdseai luwlaedugramnawaanidluianes

CLOCK
DIGITAL IN LEVEL
——»| SAMPLER —-»  DETECT
ALGORITHM
AUDIO A 3
ouT SLOPE SLOPE
<—— INTEGRATOR/¢—— POLARITY [« MAGNITUDE
SWITCH CONTROL

a; < ar ° =ta) < o
qUn 33 Ui anurutaniminurasiiean ulasdyginainianesiiuewnsan

oliufoues DM tume a¥eie uazlilaniwesnuniiu seial ey do
aAn1ey DM AD pninanselunsuasudygrneunasniudnyyiusaneasian bit rate
] *v v []
Fanfe ol auNAeNAUNWMAIRRNNTANAANY bandwidth uaT amplitude dmiuanal Az

o o ‘ﬂlﬂ N v oa t dl v . :‘I o o’ ‘:’
Anfinangeaaspanntunm Wliiiundnaz encode 1% dau amplitude YURTANTAYIIEG
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: _ \ 4 L o ¥ .
AAUAZANGA WeE ampltude ARrgARBdlaifndITEALTeY noise #i DM a¥aturnlid
Aoyoyrouduwn dmF data modulator wuugssuanudanudni launindisudnn uazfisviuue

. P
noise ANV

31943 continuous variable slope Yufiqalszasd waiadnlauniindisud
sll ° (v . - T as - } 74 .
FulETan TRy gain TetssTAuinaaed Faedinsnmaeaeudyndunmianld shif
register tAgdl 3 visa 4 FamauAnisliaru CvsD azpatdagindnmeli shif register il 0"
visa “1” Fauuavdelal Bnennalures shif register W 0" via “17 vimua WARAIN gain T84
- - v v . . 4 a« 4. ° ‘h‘ .
suTinamefiatlyl unarlinauanieanuami coincidence WHNIIAZIIMNEAN gain 199
Aufinaimef

-~ 9 . 2 Ty o mastd - , o P

wBNANENAsIE shif register lidatladiagawan 1y N3 average power W7D
NM3fATUNATEIRTYCUIUANY  WEERTIARBLIANTINIZIBIBUNN TINNFNANURIUUAIURA
k2 . - - fA' AI - e : L
FimannspauAN gain Tesduiiinnmefifiainlauniindiaudans DM vivAu

A3 encode i Bgninanldluns decode inasinuiisnfiazlidyns
Ry ARV A ens LN L P VRSl

ANAENFU8e CVSD HiFand1n1s Compand (compress + expand) findny oy
ARABALENAAY CVSD encoder H1HiN1s decode #iat DM WLILISTTNAN (ia LOM tuies) o
wymaRINEBUTinsneuaY asiidwous A AN AU uAsziL amplitude A
JuNATURAEA FURARNT decode CVSD firaeldidudiniiiainas encode
311 nisaanuuuuazlszgneldaiu CVSD

a8 wef MC 3417, MC 3418 «flu CvSD wuudne nissialiineilu encode
ugy decoderdiauandluglit 34 ladaiiniiilu CVSD wuueiald - fldanunsnaanuuy
Usinlseld SRsideamsimuauazeanuuy 7 fa Ao

1. Auuan N reIdtyuIMuIRng (clock rate)

2. AUNATDY shif register Noiald (3 wia 4 in)

3.1a80N loop gain

=3

4. fAMUATNA step NANTGA
5. aanuuLAURnsTuNamas transfer function
6. @BNWLIL syllabic filter transfer function

7. aanuuL low pass filter
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"n,m,nmmﬁmuavmmmm%ﬂ?qmmm

lunseanuuuiusiumdasionun  Snisnaes CVSD RSN UVII.TVI fAa
ﬁ’rummumﬂn’mmm’l'nuuvmmmf-nn DM mwﬁmcmmmﬂuaunw ganuat Favis diniam
uay d’tgrmmmﬁmmamwnmmm? rla AeddEaMuhues Erpnndrasdoyoynos
wRnge SN fiazgalldan CVsD Haunsald clock rate 1w 9600 Hz i 64 Khz Wt
numn'luqﬂn?mn'ﬁaﬂm?wﬂﬂ Aa 16 KHz,36KHz Was 37.7 KHz Tuszsuninsdwiangnsouzas
1 32 Kz uazdviumzdinaia 2u | tnanfaenaasliiingm geita 200 Alafindeduni

wisaninuAszLLTiviuge  ffemn1sinuuaTuATeY FWiaaned Ha
Lﬂummummgammd’tym'\mlumqLfm'm‘lmu'\umnauumuummammu gain  183BUNINT
Lm'arn«mwaqnud’mtmmmﬂmmﬂ FuiEnandn 16 KHz aasldiaawmes au1a 3 In i
@"'luuammmuamn 16 Alatin Tuluald 3 vile 4 v atielnatinamii dwiu 4 in azli
S/N # flat N wazdn FAawmed un’mnumﬂqawmqmw @mqhnmuuamauauﬂwamﬁu
Gen arlinwindiaas dlasannmsaenund sadled wef MC 3417 Fad mmmm 3 Foviu
WAussLURlE Tneman dau MC 3418 1 Faamed 4 oin iuaruia U‘VIL‘TYIQWNLW\ 64 fila
v Suldasinendléia
J'” , o
10 Taix i Digitsl Outout

18K Bits

| open) Encode/Decode

5 Clock * =
16 nreg
10N Oignat .80
Out Ciock]
s |e 9 e |1evee

Comp

600 S 600 -
Shilt Ragister

=3

x 3 LoQic

i 0 Vel ] L ol
. J- [ Ret out 33 Ap
0.1 uf 1.0 H "

Ret L'
RgS V& €S
oL tnput 4 Syl S¢
Analog - ? in 3 0'33 uFf ™
Outpus Anstog _ Siope Polerity ] 2.4 Meg A
Out Switch GC4 bl ..L me
] [ 130 Ay,
]
Cy o '”“’ .:'I;n J-anE
LS '] = v
Ry 10k S

31]'71 3.4 1943 CVSD encode/decode
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P .Y

s

0 a@m INPUT

PR S U

J0 —- 10 aBm INPUT

30 g8 | — 20 gBm INPUT
4 8IT ALGORITHM =201
327K BITS

127 TEST TONE

C MESSAGE WEIGHT .
-104 4BIT ALGORITHM

J7 1 K BITS
g -50 4
1.
g -601
4

20 T LS ——r—r—r—r—7T
i 0 2%tz A xMI GSwbe B aMHe 10 =

<304

25

SIGNAL TO NOISE N a8
- A A L
OQUTPUT LEVEL 1IN gbm

-49 -8 -24 -12 Q 12
INFUT LEVEL IN ¢gBmD TP FREQUENCY it vor

217 35 wares SN Hadfuiun1sAauaueIAING

Wwangiinu

Tuneasglit 3.4 Rx flusaravun inuaenetieunduzas cvsD madaninu i
dhunnfimefidndganetariessnadnaia Wasanidnisues CvsD fiiteusutsslawn
fndisudaas nafuegiady PesFudtyoyrnidunnan 1 mnﬁﬂnqmnuﬁ'qﬁm%uﬂf‘iﬁu

1. ?:ﬁuua:m'mﬁmmﬁtyry'\m%um

2. menueFiaifuresdufiinsdufiames

AALTU NITABNUKY AT TUIENIN 5% B9 25% reaANKNTY Rx argn
denfilagnsivuanszuaiiauiinnaeifainis Safaraiemnaaes step ¥ Audaanisile
BunNIaY syllabic fiter 1ALszNU 25% 19IAGIRATBIN

AT AUAITUNATEINIZUATEY step LTIBINIMIANIUTTEY NIuHe TR

Hnstuiawmas Tugiii 3.4

R=10K C=01pF

vo___ X

i C(S+1/RC) S+Wo
47N Wo= 2 §

10°= Wo=2f

f 169.2 Hz
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]
<l v

iy BuTinaiaas azil single pole response Aaws 300 D4 3 KHz NTTUATIABANTT

avvnlidviwnrasduiinaaad waann o feqalaaviaaiisiasnis Ag

V0 cdvo
TR 4

7 0 dBmo 184 Sine wave AzWiniu 1.0954 V iy NILUAT HaINTAMILN 0

dBmo 984 1khz gnAATEN An

e 01pFQY) '
I = = 9 5 A
i=200K) " 012ems

: LWV
Tqamngmmwmnmﬂu Ri=—

anlaayilaaaes sylabic filter NA® Ve N3 compand Ladiiin 25%

1
g o b T
025Fee* 5 935ma

=Sb.

Vec = 5V, Rx = 13K

AUATRY step TANAGA (minimum step size)

wmﬁLmﬂ‘a‘?ﬁ:ﬁmummv”nuﬁéhﬁ%’uww’lmﬂ 3.4 Aif TUIATDY Step fani
qn mu.,vfluuﬁrytmmauwwmmwwwmmamm cvsD iy 17 ua “0” asuiulunaanuay
vmmmmm'mwmv‘lmugﬂmuLvmﬁman 1 #a3undn 1die channel Favaneiannadn cvsD i
mN'\mmwmﬁtyry'\mwmvmummwmmm step Vll.ﬂﬂ‘/lﬂﬁﬂ.ﬂ Tumannuiudrasimsi
(et “0” wilumeufiiRazilANfiawana (error) ViU step Fauuazatlinafiu Aauwa
wafanefaa wariawmafaatuanlaaviam(fiter opamp off set)avn i idle channel YR

nsfinvuaTIA idle channel Hifatnadanauiaes Rmin s LRy
Buny daumnuanA@marlivanunmzdnimaerenuaed arlaiflu “17 viza “0”

fin 4 fuswinlifin coincidence Wi Favhiaariimaiianaseu Cs azszannd 0 V et
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AmaTaariafignuiisees Rs uay Rmin asinliilariinannasan Cs the Gelaariinatiasin

TineadtynyiuanumRenliidinnieanaan AnaunsnIzuaduwm

VO cdvo
TR a
o y VO . ¥ a o Xus
¥ Vo uatl 7 Al i 0 iU wanN Vo/R Ragnsiniials
VO
li=C *—
i=C, T )

T = period 2Ry IUWIRNY
Vo= peak - to - peak value of idle channel

qqnaeasay 3.3 Mdtyoynniuning 37.7 kHz

. 01pF*10mv
"= T 2652u8

Favhulagiimandan Cs Anstua 37.7pA nvualag Rx

=37.7p4

li.RX = Vsmin = 37.7pA . 1.3k = 49 mV
u31%1 3.3 Rs = 60 K azvinl¥iiialaavinautiaiuszudng Rs, Rmin Tnamnases

Rs 49 mV gativ

cc*—L= Vs min
Rs+ Rmin
ad

3107 3.4 Dunsdana SN 1899999 ez KuaiTiqatiszit 0 dBmo usi SN Az
ANAY 6 dB 47N 0 dBm 7 -30 dBm
3.1.2 mMsdnrmuazmiiiane q aadled
%21 1 analog input
Lflum"éuwaﬁ?ymﬁuvgmmfama'an ABNWIIUAET %qu-\zﬁﬂud’mrmmtﬁm

1
v o -

il ‘lmmu.uuva‘nuazﬁﬁ'%uﬂgjﬁumﬂ‘ﬁmu dnszaudtyounouienfiAdnindusaaudneda
neluy uﬁf:ﬁ’qm”mmuﬁﬁiﬂ‘luﬁmgjsxwi'\w'\ 1 AU 27 10 AzgniNn 11 aunaanAauns R
annuin 4L hysteresis A1 Wil gain @9 sz 70 dB)

1 2 analog feedback

Hurueudunefeauymaes auwraen asuwasuaesd lunisldenutludaida
14 ]
Ma (encode) 1llazsiariy autaanNENINNI89AIENIWA (encoder circuit) W3R 11 7 afiAe
-l . P < y . "
NANTAIANDAT (low pass filter) 1Evirmies Tunsldanutlu decoder aniilildazsiadun

10 vizaraataaeliiae



21 3 syllbic filter
gt syllabic voltage Haudire llunnsneuingaaunn step 1098UY
\n2ADT ITuThs NPN Aunnaaa Op-Amp syliabic filter ysenaufan RC network AiRAaTEMNIN
11 uazsn 3 3¢ time constant 321374 6 mS - 50 mS
91 4 gain control input
syllabic filter voltage ﬁﬂmngﬂéﬂu Cs 199 syliabic filter qzqmﬂﬁ'ﬂutﬂum:mm
1141 (crive) 1 4 T slew rate 05 V/S aths nesuatinudinan 4 AAe syllabic filter voltage fiws
Aael Rx
%91 5 Reference input -
'11ﬁﬁtﬂumuﬂuﬁumm'ﬁﬁuvmmmﬁuﬁmimmuﬂuﬂ‘lwmfm‘ (integrator amplifier)
s susnaBaRd (DC reference) aaedtytynandwinnldithusiavinnia (encode) tiazhasdl
LS9AUEN9Y (reference voltage) SEALLAEAMITITY 1

21 6 Filter input

1 4
| S

[furdunefivasdunnaatuan] Faldrarudufiinamadiunaad (ntegrator
network) AneaNNezuARLFNgAY (int azluaiiinn 6 lunasdinaa (encodeniiiaaunaanaumm
(11 1) §Ann90  analog feedback (31 2) Vi3an$ decoderdigital date %uvgw (11 13) ity “1” uarlu
marseidnanszua lint azluaeanainen 6 u‘j'a%uv!wnﬁuﬁuﬂ%mné'\ﬁmmuﬁ?@Lﬁaﬁuﬁ
g4 (single integration) Azl RC ABszndnam 6 UAZN 7

91 7 Analog output

Husdufiinsimafidnving anunsodutananaa 600 Tadiu sianusasiudngs
(reference) MU Vcc/2 dmdumseanuuLAuTnsduNamefunIes slew rate 18INNTTALTENNE
W Tnefiuniinsines saduan] Ustuao 0.5 VS anianfanszualistunns 30 mA

21 8 Vee

‘1ﬂ'°'ni":qnaanuuu'lﬁﬁ'xmu‘lﬁvvﬁ Lma'ad'mr-jLmztmd«-hmﬁm ifazsiafiuiay

wiansm

%1 9 Digital output

'
o

ariuflurndinanuatauaaiinegained Apuas g wiwnasniiaz

#a7Emin Vee il Vee Teanunsnsiaidaiu MOS vie TLL 18 nilarBuin dedovlliue 1



- - « dl -~ o : v A d" " e d‘ d' .d
waziuueuduafifiaiauiue 2 g vinmauegiudyginnininian 14 Wadeeu
1 3
A Aty ruu ANl raise UAL fall time 250 nS WAL 50 uS
1 10 Vee/2 output
ETRIYEY impedance FIN WATANE mid-supply reference dmiuldanuuny single
supply nneluilu wqiamed unaasnanssua (current source) wazazsiasiiiuaniie sink nszuail
1 HANNTANENTTUATAGIGA 10 mA
11 11 Coincidance output
v v t 2 ) v
ARaR lada (duty cycle) 1eeeniiiiudndndnunsiuuseiuiinnasan Cs il
aziil low WiaAaglwiniaanas (shif register) 1y “0” uFe “1” iaunawnithi open clioector
NPN Rasiaadl pull up registor 1 syllabic filter
-~ - = s < © . 3 -~ v } 23 L ) ]
frfauariania el aauwaud (time constant) WinALWUA2 Rp AxFaatiaandn Rs wsluna
UfjrRuiaAmfauazianialng asuuaud ime constant) AzANaUIWSIT charging constant
A8 Rs.CS 10U dischare constant Af (Rs + Cs).Cs
%41 12 Digital threshold
: - dl o = o < o o d' ]
artiiflurndunniadusindaussaunisady dmiuen 13,14,16 Tazdoalung
Bumafa (interfacing) sviuaadn aseiuledatiasig q Taekisiasdigunenl Bumafiva
g0t UnRuntiazdaiuan Vee2 A iy Tueaduinaiiva vislusasielalanisanuen Vee
dwFunns Buwmefina Mo ARuea
9113 digital date input
pifhandunniesnanaanad A miun1sined neamia dounadnmia Az
Tl Wnvsnensa dryoynunanan azgnifawdienil Amiudaeniadaaia aatiaclild
-] ¢ :" “i’d: |v". P 17 o~ v -a -
vitaaasz i lunnsdadtyquanuiinegns MalifiTuegiuen 16 MldarunnsauTayananan duwn
dl [} ' o 2
ATAZALTIEE 0.5 1S NAULATUAINIINILAUIRAFYOUIUWIRANA
41 14 Clock input
z o o dl : o . & - } 2 +
aildndmiudyyurnuning TaauiudnsseInIdnsdays (data rate) in
Islunncidin-nensvia (codec) 1in 32 K bit rate saelddtycyrnusniing 32 Khz d iU switching
threshold gnaealifian 12 dwidniaawmes (shif registennieluvioanad (toggle) saer saLN

a9 (filing edge) 199 clock AMMFLAMNNTNTAY pulse + Ga4A 300 nS &7u pulse - U 900 nS
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11 15 Encode/Decode
durmuAusessnineauIaenBunnIadpaNnIsuaef (FAnaaBUNNIRIABN
wiswned) Wnfuinidamad duiu “17 dygyanewsandunn ulisufisuiugsaausiag
mmﬂ’tutmrumﬂmﬁm 14 iy 0~ ﬁryryﬁmﬁf?mﬂm:qnL'Ll'%'*umﬁumﬁfan'\mﬂmnﬁu

491 16 Vce
Wuruvas[ngIWidea s 4.77 v i 16.5 V lawisuiu Vee

A - 0
3.2 2wRsulasudyuauiasnitiufdnes uazianaaliluaunaan
anlaranuldlisnsulasdtyyruauaenuidunanaalagldisnisua
gonduwinaduagianiclflediues MC 3417 aeelnlnledn  dhusulReudyyinis
dyourauildin ldidudygrewssnauibinue 4 Aladm ussldnnsuandfdoyoyau
faamrImd 16 Nladim anludyg uaaneaiesnun aziimdnsnmlszuam 16 Tnsaduii
- -'4' [ -Jd' ° : : :’/ 1 4 o« P Yal -
winauagiuAaIIMINIswInUR e lunsuanUfduoyin 1 AR i vimnnlaiian 1 on
v =i -l r-‘l’ Ll o~ e 1’4 -
danraclaTwefil Ao lusmfuesanunsoldulasdyurusdneailuauiasn
Foein WiiinAYINazAan UM seRNLLLNAsuAIAMKNEREINNINTN dasaanns il
nwludonsssnisudasawsantlunlnasisany 15 Taaliuseiu 5 Taviaduan 15 udatlau
dyaunwawnaandnen 1 dyyruitleulidussuliiiuuan 5 1via uazdatiaunIneas
ST | -, 7 1@ P % .
A DAunawe i A NDgudanan  Aussueaedtygaangadssann 34 Twia
udadtyynu CLK RangldidArawthiniu 16 Alad@ivuasidusssuninndn 2 Tavia

anwoiznasuazginsniifusalugi 3.6

1 —_—

£
3. 3ufF
. ”] oy vecl®
ANALOG [N > i l
R13 R1S
r__"_’_ﬁl Your “(BKB ! 1K3§
S J : Corniiig e
_(-G. Luf ‘La"Uin out =
5 k| Ri4 cC2
12 t .
I L2fVih Syl 8k '0 33uF
filvenrrig
- = 2] Conmp R1S
! 2M4
. l"Out s ,
Gain 4—
L.,
== C3 R12
r&.xurgxek Clock 14 CLOCK 1IN
} Dout |9
6 1Filter
—_J DIGITAL OUT
Ul MC3417

n’ o e
EUn 3.6 293 TUUA qﬁmmﬁmamaamﬁumaaa
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Tunsasusmiu Wniwniidunaneseeniion 9 1adled daulussnuladnyeyo

s o .:1 o~ o 1 - I 2 v 3
Aanaanduiduauaaniunduiilaanissan 15 aaeleTaansng uduerdtyyind CLK 4w
Wan 14 uazsiadtyonaneaduwnidiiinn 13 sedlediendtygyineeniian 7 sasleaanan

Y o o <l v v de . m v A v al a
wdmirdryoyrufien 7 dlldnneasnsasanutaiicugnaianil dadygruiinnaunnu
= : oy v o~ -, L% P aa - :'/ « - ° L7
nsasaene@naRilE wraiunanalian 13 FaduAaneadunmin dszino 35 Tovia Feazsinli

nMsuladtyUInueanINTANANGN

AnmnurnisrentasazArasgUnaiin 4 W Masine 4 angiianislden
-4' < (%4 T v o~ dl Q o Gl - - 4 :’/ 4‘ 1 2
daflundiuginaaiude usedufidrelWladifiusedy von 5 Tadmwinmiu nanimases el
pntauniunafiauaanaung 3 Vpp udadnadoyeyins CLK 1 16 Khz fiAnun 3 KHz
Tmﬂﬂmmnﬁqﬂ'nuv-mmmmmm umummqvmvm‘lmmnwmﬂaﬂuﬂmaﬂmﬂummﬂa A

uanslugLifi 3.7

771 3.7 nanianeasdilen AD

v ' ooy v 1 v o -: - d.
udasianArrasianaadwiyn s ldiussasfeudyguitneadiuewnaanivaulag
Koycyrundy udnafieanundaing bidewdn Aaldasasnsasanniisinsesin D/A silugl 3.8

Arummaaadiieananainaasulasdyrudaneaiiueuaaniu e

de v - < < yyo o« - a
andeyyruiidusasalal - innadeulwanaeanatdsliinnmliuAananaedynyueu
willidntias iedesmslinmniaeugaiis viawmaaulunlesiign Weazldinnisdenin

Tunnuasuanalugl 3.9
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UNnn 4

A1500NULLLAZAI19299IN 1A UM AT

4.1 7993039IANNOMKIY  (LOW PASS FILTER)
o e o o aa w
1995ATBIANNDAMLY Tawesiieas  iureesninsanuduusimsnou

P A o a
AUD4T -40 dB/ decade FWAAINVILALATINUAAIHANMIADLAUBIANND AINFUR 4.1.1

RL

JUM 4.1.1 2303703 NNNA

nngdannsafouinsauyad indegy 4.1.2

Rl R2

I 1

51 4.1.2 2393AUyAGYOL LPF



91029957 4.1.1 anIoRouaumsnul cutoff (fy)
1

21 v R2R3C2Cs

fy =

)

PINAUMIN] AUNTOMUIVMAIR, , R, C;, G, Taomsftmuamin R,, Ry =Ruas

¥
Bvuanued C,=C,=C mﬁummim‘\muanmﬂnu"lﬁ’ﬂ
1
2n.RC

fy =

y a ° ' 3 Yy ¥ 9
fmsuad £ uazimuanved C ismmR ldnnaums 2 14N

1
2. fi.C

snaunsii 3 WA £, = 2400 Hz , C = 0.1 pF : AU

1/ ( 2TC * 2400%0.1¥10°)

~
1l

w
1

663.1456
3uenevee239sn AN Ap = 1+ (Rg/R)
nnaumsi 4 Iimsveeiin Ap =2

¢14 R,=R,= 10KQ

oA " d'v a
4.2 NOINUUAANUNBNBI

€))

(3)

“4)

o a o a 2
QQﬂiﬂ'lluﬂﬂ’J'mﬂ'gNﬂ\‘l 16 KHz ’d%lNil'lﬂ'Ni)ii’)u 74HC4060 mmu"lu

a a e a s
Jsenoudae ndunedined uaziaeTMITHUY lUWEINIL 14 WAn Taofewigmiiu

Foyanams 16 wdedygIums 16,384 Fa1 6 Tamnesinnderiufuaianeadimiuns

= L3 { a:: é t:;
BRLGTGE 'nmuﬁﬂ'nun 2 MHz 9009414 16 KHz il%vlé]'ﬂ'lﬂﬂ'ﬁﬁ'ﬁ 2 MHz ﬁ"JU 128

» ] 1
sufueiynanud 16 Kiz  wldnn Q Taodludoyanuusediu TIL Gu1a OV dmsl

assn “0” wuia 5V dmiuasin “1”
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74HC4060
11PI Q4] 7
RST Qs [ &
a6 4
R?[ 6 FLOCK 0/P
12 |GND Q814
Q913
Qi1e 15
- Q12 [ 1
= Q134§ 2
Q14 [ 3
3
POl 9
PO1®
R1
TN
11 lix1
1

17l 4.2.1 waAIATAINTIAAINDENNEY

dviinsannnaaatian Teagnieluasasion 74HCA060 innuReLmiiaunas
wenanduma Taadl R1,C1,02  wazesansaiugauaseniaiaundudryryrnannianivm
saanmiaurnsanilianduly 180 aan R ilwanansiunaudwminlugaliinn
wendenldiuin 10 MQ dwiudn €1 waz €2 Muualiidn €1 uar C2 aynsu
fuazilnnaviriuAivaaadusudussatanes Tnuniseanuuuidandl C1, C2 21U

30 pF uay C3 Wuvidnwaiusuanls

4.3 2999LARMNagLaTu ( DELTA MODULATION )
'luTﬂNmuﬁ‘lo’ﬂ‘ii‘lﬂ.%ﬁqL?‘qgﬂ'lummﬂmﬁryrg'wmfamﬁﬂmﬂuﬁ%mﬂmﬂu

'nilmmaﬁquaquu’lﬂa.imaaf MC 3417 \{uaiia CVSD ( Continuous Variable Slope Delta

modulation )

43.1 msaanuuuusslsegneldanu CVSD

lo.d.wef MC 3417 Wualia CVSD uuiNng  NreanuuLRRAIRAInIMUA
WATaaNULL 7 48 Ao

1. AMUAANUDVOITYIUUIWAT (clock rate)
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. YUIAYDY shift register 'ﬁﬁs{ﬂﬂ‘%‘ @3 us0 4 bit)
.1aen loop gain

 fmuanin step fidnfiqa

. penuuuduinsSuTlaines wansfer fuction

. DALY syllabic filter transfer function

[ N NV B R

. 9OALLUY low pass filter

Ty UazYHIAYeS shift register
14 »

Tulnsenuillennudvesdygiuuiiin ( Clock rate ) yM1@ 16 Khz
uazvaveddnsIames 1 3 b
A .
1aen loop gain

Tuaesaaduogadu Rx (Judadmua  feedback gain Yoy CVSD M3

Yy o o o a t & 4 ast o

don gain TiTumNTeiidRnBnes1milsuesms codec 118391N7TMIVEY CVSD N
medsurselauniinidudues delta modulator MszduFygrauduynd 9 13180 loop gain
< 9 d’ @
WABIVUNY

1. seAuazANIgIqaued INdUNN

2. transfer function Y83oUTINTHUHAIADT

4
Futuns compand 9¥AMINIENIN 5% TX 25% YBAIAUNIHY Rx
A o ° da a 7Y & d 9 1Y
zgnident TaomsmmuanszuaiBufinsineiieams¥anIzauuIAYes  step TR
y A ¢ Ja, Y o
Hoamsileidignues syllabic filter 1AUTEINGL 25% VDIYATIAAYBINY
T IYA TN YLIAUBINTLUAUDL step (SIADINIANYULYDY transfer VO

Suiinstuiames lugdi 4.3.1

R=10K C=0.1vF
Vo 1 K 4.3.1)

T C(S+1/RC) S+
(6]

N o = 27f
10° = wo = 27t

f =1592Hz
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¥ v
o o Y

AviuduinIsulamesazll single pole response AR 300 B9 3 KHz

¥

oy P o ¢ a a ¢ a o ¢ Ay -
ﬂ?%llﬂﬂﬂﬂQﬂﬁﬂ%zﬂﬂHlﬂ'm ANVBIDUNINTIABDT IWNIIN O an’mmmmaqmiﬂa

Ii Vo + CdVo 4.3.2)

R dt

) ¥ ' N
91 0 dBmo Y84 sine wave 22V 1.0954 V. aaiunssuaidoInsdmiud

0 dBmo 48941 KHz sine wave ﬁi’)

i = 11V + 01uF(.]) = 0.935 mA
2(10K) 0.125 mS

Thavinegegaiianasen  Ri = 1.1 V.

2

10 Taaninves syllabic filter ffe Vee 113 compand Tifiu 25%

Rx = =025 Vce x (1/0.935 mA)

f Vee=5V., Rx=13K

S A s .
VHINYBA step NANNFA (minimum step size)

vni1ﬁmas'ﬁ%:ﬁmuﬂqﬂﬁ’wﬁﬁm%”mai}imaé’hua@m‘iu flD YUINUDA step

‘el o =

fudniiqe vazh hilldyywduwn Adviynasasaves cvsp i 1 way 0 adufuly

g o

Y o

maaﬂuazﬁemaamamvgmz"lﬁ'gﬂmum?iﬂmﬁn q %4360 ldle channel FaMueAnu
cvsD ‘higmnsa code Fyanaiifissdudiniuniaves sep fidnfiqal® Tumanquiuds
apiwnsilinesiiiu o ualumafiiAeeimAanain (o) 15 siep Hanuazashined
U ABNWITUADTOMABSIF LA filter op-amp offset F4¥1VIAA idle channel Hady
MIAMUAYIIA idle channel i3 1ABMSIAONYIAYEY Rmin  Vaizilyd

3 a | o ' o L4 .
YAIUBUNN AU control slope 92 livharumwsizdmwnvesneuisuaedos iy 1
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wie 0 a9 Auswhldifa coincidence BMINNIA sutuTaavimefianasen  Cs o2
Jszinm 0 V. sthelifauTaainedigninieves Rs uaz Rmin @3 43.1) vl
Taaviasanasan Cs the diTavineiissyi Radyaamumdouiidiynuss suaen
NAANMINTSUADUNN

li Vo + CdVo

R dt

[ L ¥
Fvotiouqeld Vo mo0 @niumey VoR Sugndaiald eeld

R
Tin S~ Cs Avo
AT
AT = period UBIdQYIVUUIAM
Avo = peak-to-peak value of idle channel

nneslugil 430 Mddyanuniim 3.7 KHz

li= 0.1 uF x10 mV = 37.7 uA
26.52 uS

SuiuTlavaonsoy Cs Ainseue 37.7 uA fmualay Rx
i Rx = Vsmin = 37.7 uA x 1.3 K =49 mV
Tzt 435 , Rs = 60 Ka sz lfinalnaniaouiafuserdna Rs Rmin

Tasannsou Rs 49 mV AU

Rs = Vsmin (4.3.3)

Rs + Rmin

Vce

1t
o
Z

Rmin
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DIGITAL I/P

Dlﬁ”’h o/P

N
e
<

CLOCK 1§K
N\

€C sV
N

." 10 K

ANALOG I/P 181 olis L
n—

1+

4 UF 2
©
©
o -

12
19 ne 3417

'S
a—L *
TS e « &
e [~¢2 4

uf
= I 2.4 N

ANALOG O/P =

E;O

37U 4.3.1 1AA12995 CVSD MODULATION

4.4 N39 Frequency Synthesizer
ludaureania Voltage Control Oscillator (VCO ) (8145310 Transistor N7
nlszgnilivintdu veo Tassminnissiansasuiauiusuiuasionsdnlusaliiung

asmNgU 4.4.1
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o' VCC

cs

i

C2
Q1

T
% R2

i 441 a9 vCO

R1 C1
c

LPF ¢ a A~ [ |
ZALSnuzzee

6

, o 10 PRESCALE

-

udauratasuneiqusld Varicap Diode luiufitnlszquFudnlinn
wsdln 0C Felupthldiwed Mv 2209 duSicon Epicap Diode varicap ansingLnLiLBY

Arwed L unasuisuuuawniag 4.4

4.4.1 N1SAANULUINES VCO
1IARINITANT YN VCO Tugaa 17 Mhz Taeld TRANSISTOR (flu

NATHARAMNDReATAAIAET A NTTENAsaLldATNANNNT
1/ {27t~ LCd ) \

ABAIAMNATRIUINIADS

fo

e Cd

4.42 msasnuuuwafangy
&
dUABUNITADNLULL
< d.ll -
1. INENAINDANEN (f )

2. ATUIATUENUBIFINNG

Tan Ntot = fmax / fref



3. wanA G
Tuniiiauunld € = 0707 ,
4. MA1 Wn

Tatdansn Wnt 2annsn1snauauaqeey PLL TYPE 2

NMNUAAY Wnt = 4.5
MUUARYT  t = 1ms
azlg Wn = Wat/t
= 45/1 = 4500 rad/s

5. W1AY Kd ( Phase Detector Gain)

Kd ( Phase Detector Gain ) VDD / 2TC

S5V/2Tt

0.796 V/rad

6. MIA Kv ( VCO Gain )
Kv (VCO Gain) = 27T AFvco / AVvco

7. asnuuy LOOP FILTER
msliganiufasiamnannasasinfusunlaluiitiduuuy ACTIVE FILTER
70 Amusda €
Wiewmngms C = [(Kd.Kv)]/{NmaxR1(Wn) }1"

lunimaasailinavusdn ¢ udalundn R

7.2 WA Rl

AINGAT R = [(Kd.Kv)]/(NmaxC.(Wn) )"
7.3 W1A1 R2

angns  R2 = 28/ (WnC)
7.4 wA Ce

NNGA? Cc = 08/(R1*Wn)

46



-mMsaanuuuiildluaias

1. AMMUAATLEY fref

Taeldnvualiiian

5 KHz

2.f = 17 Mhz - 19MHz

Ntot

Kd

Kv

Awusld ¢ = 10

R1

R1/2
R2

Cc

nfF

fmax / fref

19 MHz / 5KHz

= 3800

= VDD /2T

= bBV/ 2T

= 0.796 V/rad

= 2T AFvco /| Aweo

= 270 (19 MHz - 17 MHz }/( 12V - OV )
= 1.047 * 10’ radnv

[(Kd.Kv)1/{NmaxC.(Wn) )17
= (0.796 * 1.047* 10° ¥/ 3800*10nF*( 4500°) )
= 1.08MQ = 1O
500K
2£/(wn.C)
= (2*0.707 )/ 4500*10np )
= 3142k = 31kQd
0.8/( R1*Wn )

0.8/( TM*4500 )

17.7nF = 20nF
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R OURAZ RAT RAB T
NDD HOD 1 Fin

PSC our ™ 0. BB1UF VSEQ
N
NC146162 hCct2017

8.900272V
PSC IN
NSS

o)
<
C

9N 442 2983 Frequency Synthesizer

4.5 29FULBNAIRY

*N'w'nmﬂﬁﬁﬁqq:ﬁﬁuﬁwﬁmmud’mmﬁmﬁci'\um?uﬂm@tamm: MIXER  fiu
10.695MHz  iNeifinrindad aadtynyine RF - neudaludiaraenia  Tanaeasasld
vendaines Q10 viautiii aenepautienfien Wilaruuseerluszin  TRssluneansy
I.I.ﬂmﬂ'lﬁl.’ﬂ’w.l“).'!ﬂﬁ‘lﬂﬂﬂﬂLﬁntﬂﬂ§ azgnatifasin cs2 Tldhanuazes Q11 v
Wulafief axdunalifndinmaefies Q11 azsie R31 uay C33 aensader e
umsdndadasnisrenarsaniamaned uer 012 uwiaefiadyn  iaudihfuens
ﬁmmﬁmﬂnﬁuﬁﬂwftﬂwaﬂnzjmﬂfmmm TnedluRainu C57 uae 29asnseAEaEig
L10-L12
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<
uUnn 5

N5SAANLLLLASASINN9ATNNIGATUNIASY

< « .
5.1 ’J\l“l‘i'ﬂﬂ'\ﬂﬂ'l'\&mﬂ']‘ik’ﬂﬂLlﬂ:‘/NQ‘i MIXER

Cleé

}-—-Esx. bENOD
¢

[3

Receive

Synihesizer

9111 5.1.1 uanvasEIBANTEITaNULaT MIXER

Guananuenniaiudiniannionfiowludin 27 MHz - fidewnann

A309AY HILNATNIRIANINDANENY TaLlsENaUAaE Ly, Ly, Ly, Cog. Cog WAT Cgp LD
v ‘i. ‘=" ] 3 r’ 1 < d‘ﬂﬁ' [} ) 4

wifnseaeanzannbes 27 Mz windu  udenaaziianafauunsnuaaiul 14
e wiiwBanailsinan

AINWAINIBIANDANAEgNAMNTigansasatanfiavuasnATeneend
e 1 ¢, dlusfulszafhfedygnne D, war D, vwhiifhunssatiluled uax
Hoaudyeyrnsiusaiull Teenaazifiudunmoda L, warnasdaldld L. C,, Gl L
. v - [ . 3 :' ] ad ' d
v quilienanizaadtie 27 MHz  windu 89Ut aNDauasgnUIEwIaaINgan

L 4 1 v [
W § o, fMhlRedygyrnszuinipeeaiaany G, ALURryu i umMIqUANaNIL
auddingruaes 0, Faflunimeenearniiendian

e o

Tuuweiidyundiudanidasiiauusseesdyyiuidimon ( gail

' v
Pl

- =l <2 v o : 3 <
nsdaszaemelnaasiiidoygyniinnann ) Auaainnrrenedyurnaidliianue
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"Tymmﬂgj'lu?:ﬁuuﬁqLﬁﬂriﬂu‘[mﬂﬁ R, Wwthitluueanszualsinuail L, Usudmsams
genpANTEflanTs Q, uaztiusziudnyuio Wansuandyoinduniaiineesfon

Aafitnlszq C,, axAthRsnutioeaiaiaimefinantanneas  Synthesizer
adgrnm G, 18 Q, iensuanpaBifuA e fenRAL R L, ®win
e G, 1 Q, G Q, ﬁtﬂumﬂuﬁmmm‘mmwmmumm@' ( DUAL GATE MOSFET )
ﬁrgnpmﬁﬂﬂn‘lﬂmwﬁ‘nfaﬂ (S)am Q, @:Lﬂummﬁ.ﬁgnammumﬂummﬁ“lﬂmw AN
ARV 107 MHz L, swdhilfudnmnistenouassiouudannatiees Q,
arwilaeilazeinu L, dngaaasnsespnutiing CFU, fansesenanizanug 10.7
Mhz winfusindli pnfavazgnudentil fiu C,, avAlasnaad 107 MHz 1ing

N]T DEMOD FSK

5.2 NATHUBANANATYWIU FSK

L VR
[[LEN

} )
SR
g l———— 'TS».TJI:VIDD )
Al
w0 | Lo
___I_:Ol..
rinle
CF 7 «IpF
i

517 5.2.1 uapansashnangandtytyns FSK

2933 FSK Demod PLL axldasasiuaf NE 564 ailuaqas Phase Lock
Loop @1m13004 Demodulation &tyryins FM vide FSK filé  Seanunsnvinanliteting
ANE 50 MHz aelulassauiiadld Demod Aawd 107 MHz Tnenflupanadid
WRIRINIAINANNE 27 MHz -

N2eanuLLNas PLL Taeld NE 564 fumeuusnasfioarmuanam

free running 489 VCO nau
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910 Data Sheet AMUAUMI fo INGAT:  fo = 1/ 16 Re.C,

A 1< 1 9 o t e 's
@ie Re umanudumumelu faumdy 100 Teru
¢, dumanughidenmoueniiun 12, 13 Imie vhia
td
dntuansoma ¢, 14 fe

C, = 1/ (16%100%10.7¢10" ) (F)

i

58.4 pF

S “
“Juae'’ld Aemseeniuy loop filier
NNTUAIPLL A(s) = [K, K F(s)) / IS + K, K, F(s)]

e F(s) Hu  loop filker n3murlodaddu

Samuald Fs) =1 wilianudanoenues low pass filler 1A
mswaounlas uazewiynees wadmamesozinalasnsafy  VCO Buwn #9 loop
transfer function nsnaazyl&daf

AGs) = K, Ko/ (S+K,Ky) = 1/[1+(S/KKp)

< .
mui‘luaums First order loop
A d
Wo K, iu vCo Gain

o
Ky 1y Phase Detcctor Gain

AN ssINmAvesgy wxilluaudii -3 dB ¥es Loop Frequency Response

4 ol a o o
4R w, 1A nuNInAvegLiiuies
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W /(K Kp)

@ W3y First Order Loop 1 Wn = KK, Felumenves KK, ifou
1@louny Forward Loop Gain
1A Loop Filier 1191u2995PLL NES64 aunsom1&en Loop Transfer
) A
Function f8

F(s) = 1/(1+SRC,)

lﬁﬂ R =R,=R;= 13K ( Internal )

Tavae C, ﬁ 14Uz 915 2 Ina ﬁ’t)‘ﬁ loop transfer function

i Wn = 1/(RC,) = KK,

s Kp = 046 (volis/rad) + 7.3%10" (volts / rad*uA) * I,

e 1y Whatnszuad lusatifun 2 vee 10 Sanasiidntesndt 800 ua

Amuald I, =0, dufu K, = 046  Volis / rad

du K, awsamidnnnsmiueasnnudniusenin anufioniynues veo fy

ouwnlaaviian uaz nszualuda ( Bias Current )




MUU K, =095 MHz/ Vol

= 59* 10" Rad/ Voli-Sec

v
AIUIN loop
K K,
C3

[ 1 4
ransfer function AWNTOMIAY C, 71 41 4 uaz 5 1Ada]

= 1/RC,

Il

283.43 pF

Tumaliaaumay - 300 pF

=

[

L/(13%10°% 046 * 59 * 10°)

5.3 Jvinasduanafdnemilueuiasn uuu CVSD MODULATION

@ aa [~ a y:xy LY A o ) t “
Nusulasdyguadneatiuetasni 4oz Idiniloudunianiads na1dess

1% 1Cc MC 3417 Tagsetanmisudasdeua

. iy 16 Alatnaedundikops) iy

Tagaesldamnansdagy 5.4.1

o

v

3

o

o

aa

d
AUVIUAIABAVYUIR 3 bits ﬂ’NIJl'i'J‘UEN{l’OIJ"ﬁ

=

A 1\ [ A =) []
douasudounossad lldenianssennntidone 1y

DIGITAL 1/P

L1GITHL O/P
N

7
CLOCK 1§K
.
vee sv
s
15 9i14 1
i
>
o
a oll 3]
o
3
1 3.3 K
“ 10 MC 3417
L
»
- 2 ®
> © $ ® (
e | s 27 6.33 UF
— t “ 2.4 0
- : T
ANALOG 0/P ol =
5 L] 1.3 %
8.1 urF =
vs
10

P [ aa o
JUM 5.3.1 uaaanvsulasdyoruataeadlusuiaen
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5.4 3395 Frequency Synthesizer

7493 Frequency Synthesizer unmasvve linilouduniamags  Taoag
imssenuuuiazmMafiumiouny annsoglduni 4 vded 4.4

Ao 1
5.5 390INTIBIANNAMINIY

. ¥
=t @ 1&!d

NITATAIANUAAHINAMAS U I lsudunamaas  lagazlinisesn

wuutazmMsfivaumiieudu sunsog ldunit 4 vadadi 4.

CI 580pf
1s
TSK I ’
R2 ) LAIft
AT RO o i | Rio
(1,611 ) e B . & 3 PSP o oo L
LE1N s / ‘ e
- ]
a = !
- L i
3¢ | R9
24088 AS s
PIDYS

JUN 5.5.1 UAAIIIIINTBIANUDAINIU

5.6 3995 AUDIO AMPLIFIER
nesvodeaildliulasenmil 19 loF LMm3ge  ilididannne 0.5 Jad
anveedesilszithieymitvosuenldgavesdynaudoaldimdigeneuszdetlonly

dadine eldnswanne lumsAededygnoufsaidiesneimaninnadanidiniaiy
Nsueudos uaas izl
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18K
BC32?
0/P FSX DENOD
1uf
Al
10uF 6 1 Py
s Ln3se
2 5 1QpF
4
g 1uf
voLuwe -

317 5.6.1 uTA995  AUDIO AMPLIFIER
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NMINAadIATHANIINAALBN

minaaed ldiminaassiadygumugasigduaasly BLOCK

DIAGRAM 331" 6.1

SYNTHESIZER |8
(LocALOSC) |

TR e

3U% 6.1 BLOCK DIAGRAM HaAIM 3 IndQya aningan1ee)

MINAADI
1. Mmmsiadyuiige A Taevimstloudayn o Sine wave 910 Signal
Generator A7ND 1kHz e CHI1 Jadaa Analog I/P Iaeianv1 1 IC MC 3417 uag

CH2 Yadngnuniga A Tagiafivy 9 IC MC 3417 FIHamsnaasulaaneglin 6.2

Volt/DIV 2 V/DIV
Time/DIV 0.2 ms/DIV

JUN 6.2 wanwamsnasudyaa Analog to Digital
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1INMINAADNZNUNNTYY YU Analog MIWNT Ampliude AmTogunulioz

wilddyanw Digital 14 hifesay

2. msiadyanuiye B Wudyane Camier CH, inndafingn Tagas
93 Frequency Synthesizer Taoyiims Set N =55, Fref = 5K 72140 Fout = 17.6 MHz
o ) L o d' A
Tawda lideatloudynun Signal Generator TagiaNvl 5 IC MC 12017 Hawans

naavaAIAIgIUN 6.3

SWP 50 ms SPRN 100 ki

JUN 6.3 Spectrum’ pErAId Y1 Carrier CH, Y9N IAA

¥
= g 1

3. Mimsiadaounye B 9nAs u@iims Set N = 56 , Fref = 5K

o a

= 2 o @ =
AUN Fout = 17.92 MHz mti‘luammm Carrier CH2 Wamsnaaoaanln 6.4

v o v
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gﬂﬁ 6.4 Spectrum  LAAITYA ™ Carrier CH, YBINIAT

4. wmsladganuiige ¢ Wudya OF vewmadfivzdieen

21me Taeyhims3ak1N Dummy Load FaHamsnaaeuaadnsgui 6.5

-100‘!&_ AT 1048

CENTER 28.299 I'*+h

51U 6.5 Spectrum uamadyam O/P VINALN
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5. Mmmsiadgyanuiige D ¥uilu Carier CH, woamasunanlaiens

7]

Frequency Synthesizer Tasyiims Set N =55 , Fref = 5K 77140 Fout = 17.6 MHz 1@

Mmsiane 5 IC MC 12017 Fwamsnaasuaanizli 6.6

REF -10.0 dBm__ ATT 10 4B
10 4B~

AiMivy

CENTER 17.600 '

JUN 6.6 Spectrum uerIdQyRInl Carrier CH, V83115
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= SEMICONDUCTOR

MOTOROLA
TECHNICAL DATA

EEEE————————

MC3417, MC3517
MC3418, MC3518

Specifications and Applications

Information
! CONTINUOUSLY VARIABLE SLOPE
. DELTA MODULATOR/DEMODULATOR

Providing a simplitied dpproach 10 digital speech encodiig/
decoding, the MC3517/18 senes of CVSDs is designed for malitary
secure ication and telephone  applications.
A single IC provides both encoding and decoding tunctions.

® Encode and Decode Fynctions on the Same Chip with
a Digital Input for Selection

® Utilization of Compatible 121 — Linear Bipalar Technology
CMOS Compatible Digital Output

Digital Input Threshold Selectable (Vee/2 reference
provided on chip}

® MC3412/MC3517 has a 3-Bit Algorithm (General
Communications)

& MC3418/MC3518 has a 4-Bit Algorithm (Commercial Telephone)

CONTINUQUSLY VARIABLE
SLOPE DELTA
MODULATOR/DEMODULATOR
LASER-TRIMMED
INTEGRATED CIRCUIT
L SUFFIX P SUFAX
CERAMIC PACKAGE  PLASTIC PACKAGE
CASE 620-10 CASE 0488

DW SUFFRX
<@ PLASTIC PACKAGE
CASE 751G-01
SO-16L

PIN CONNECTIONS

Ansog
LR 5] E vee
CVSD BLOCK DIAGARAM WLU
Ansiog Encove
X T WTIPIEN Ez: (s '3 Davaas
Encoaer Svilensg
Decous Clock Futer E 14 [Croca
s 14 { A o
1 Oual Input o % ey WQetas Date
anlSS R S cmaaie conia ]
Digial o 3 ©d waBu ": Rat Digetar
Data input 13 _Shtt Rugisier ‘ 1nput ('ll s 2 Tnissnoia
Duawat 33 adladjanloa,
Tn Vi Futer Comnciaencs
0 nput l~lE EO-IM-I
Logn Curtisuni e
9 Output Aneog veern?
gr-.;::‘- v Ouipur L] 9 Cstpmt
integratos eTsaTYConverer Svietic Ougnt
S ) rary
Qe Paierity T; e VEE| 8 EO.:D-I
19 [eeed e Geun Contros
veer2 @ g L L
Output | ' LUl ' 1 (FeYo
Al o fint
1L sl le
' Ansiog  Rel Fuiver ORDERING INFORMATION
Outpul  Input  1npul
tn [ Tempessture
Device Pachsge
MC3417L Cesamuc O 0T 10 +70C
MCa180W Pissuc SOIC |~ 0'Cio vJ0C
MC3418L Caramuc OIP 0'Cto +20°C
MCIa6P Plasnc OiP 0°C10 +20°C
MCIS1 Caramic DIP -55°Co »125C
MCI5 L Cetamc DIP -55°C 10 »125°C
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MC3417, MC3517, MC3418, MC3518

MAXIMUM RATINGS
(AH voltages referenced to Vgg, T4 = 25°C unless otherwise noted.)

Rating Symbol Vatue Umit
Power Supply Volisge Vee ~04to 18 Ve
Difterential Analog Input Voltsoe Vip +5.0 Vic
Digral Threshald Voltage VT -0.4 10 Voe Vde
Lopic Input Voltage Viogie 0410418 Vde
(Clock, Digital Date, Encode/Gecode) .
Caincidence Quiput Voltage vao,., -04ta+1B8 Vdce
Syllabec Filter lnput Voltage Vitsvil -0410Vee Vde
Gan Contral Input Voltage ViGe) ~0.4 to Ve Vde
Raterence Input Voltage VitAen |Vec/2 - 10t Vee | Vae
Vec/2 Ouput Current IRet -25 mA
ELECTRICAL CHARACTERISTICS
{Vee = 12V. Vgg = Gnd, Tp = 0°C to +70°C for MC3417/18, Tp = ~55°C 10 +125°C for MC3517/18 unless otherwise noted.}
MCI417/MC3517 MC3418/MCI518
Characteristic Symbot Min Typ Max Min Typ Max Unit
Power Supply Volitage Range (Figure 1) veea 4.75 12 16.5 4.75 12 16.5 Vde
Power Supoly Current {Figurs 1) lce mA
{2 Idle Channel)
Vee = 5.0 V, All except MC3418P.DW) - 3.7 5.0 - 37 5.0
fVee = 5.0 V, MC3418P,0W) - - — - 3.7 5.5
{Vge = Y5 V. All except MC3418P.DW) - 6.0 10 - 6.0 10
(Ve = 15 V. MC3418P.DWI — - - - 6.0 1"
Gain Control Current Range (Figure 2} 1GCR 0.002 - 3.0 0.002 - 3.0 mA
Analag Comparator Input Range Vi 13 - vee-13 1.3 — Vee=-13| Vde
{Pins 1 and 2)
1475V < Vee < 165 V)
Analog Output Range {Pin 7) Vo 1.3 — Vee-1.3 1.3 - Vee-1.3( vde
1475V < Voo < 16.5 V. ig = 5.0 mA)
input Bias Currents {Figure 3) hg uA
{Comparator in Active Region)
Anslog Input i) — 0.5 1.5 - 0.25 1.0
Analog Feedback (12} -_— 0.5 1.5 - 0.25 1.0
Syllabic Filter tnput (13) —_ 0.06 0.5 - 0.06 0.3
Reference Input (I5) - -0.06 -0.5 - -0.06 -03
Input Offset Current ho nA
{Comparator in Active Region) h
Analog inpuvAnalog Feedback — 0.15 0.6 _ 0.05 04
1 =121 — Figure 3
Integrator Amplifier —_ a.02 0.2 - 0.01 0.1
IS - 6] — Figure 4
Input Offset Voliage vVio - 2.0 6.0 - 2.0 6.0 mv
v Converter (Fins 3 and 4) — Figure S
Transconductance gm mA/mv
Vit Converter, 0 10 3.0 mA 0.1 (i %] — 0.1 0.3 -
Integrator Amplifier, 0 to = 5.0 mA Load 1.0 10 —_ 1.0 10 -
Propagation Delay Times (Note 1) . "3
Clock Trigger to Digital Output IPLH - 1.0 25 - 1.0 25
{C = 25 oF to Gna) tPHL - 0.8 25 - 0.8 25
Clock Trigger to Concidence Output IpLH —_ 1.0 3.0 - 1.0 .0
{Cy = 25 pF to Gnd) tPHL - 08 2.0 —_ 0.8 2.
IRy = 4.0k} to V! :
Coincidence Output Voltage — VoLiCon) - 0.12 0.25 - 0.12 0.25 Vde
Low Logic State
lot(Coni_~ 3.0 mA)
Coincidence Output Leskage Current — 10H{Con) - 0.0 0.5 - 0.01 0.5 nA
High Logic State
(VoK * 15V, 0°C < T < 70°C)

NOTE 1 Alf propsgation delay mes measured 50% o 50% from the negative going (from VCe to + 0 4 VI edge of the clock,
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MC3417, MC3517, MC3418, MC3518

J
ELECTRICAL CHARACTERISTICS {continuud)
MC3412/MC3517 MC34I/MCISN8
Characteristic Symbol Min Tye Max Min Typ Max Unit
Apgliodzl?igiul Threshoid Voltage Range VIH +1.2 - vee-2.0 *1.2 - Vee-2.0] Vac
{Pin 1
Digital Threshold tnput Current iy nA
(L2Ve vy svee - 20V}
(VIL applied to Pins 13, 14 and 15) — - 5.0 - — 5.0
(V)4 applied 0 Pins 13, 14 and 15) — -10 ~50 — -10 -5
Maxi integ A iti o =5.0 - - =50 —_ -~ mA
Qutput Current
VCe/2 Generator Maximum Output Current Ret +10 - - +10 - - mA
{Source only)
Vcer2 Generator Output impedance IRet —_ 3.0 6.0 - 3.0 6.0 U
{010 +10 mA}
Veer2 Generator Tolsrance € - - =35 - - =35 %
{4.75V < Voo € 16.5 V)
Logic Input Voltage {Pins 13, 14 and 15} Vae
Low Logic Siate ViL Gna - Vin -0.4 Gna - Vin-0.4
High Logic State ViH Vin +0.4 —_ 18 Vin v 0.4 - 18
Dynamic Total Loop Offset Voltaga Voftsec mv
(Note 2) — Figures 3, 4 and §
IGC = 124A, Vee = 12V
TA = 25°C (All except 3418P,DW) - - - - =05 =15
{MC3418P,.0W) - - — - 0.5 =30
0°C < Tp < +70°C (MC3412/18L) - - - - 2075 =23
(MC418P.0W) | — - - - =075 =18
=55°C < Tp € +125°C (MC3517:18} — - - — z15 =4.0
IGC = 3 pA, Vee = 12V
TA = 25°C 225 = 5.0 - -
0°C % Tp = +70°C {MC341718) — =3.0 =15 - - —
~55°C » TA & +125°C (MC351718) 245 =10 -
IGC = 12 4A, Vee = 5.0V
Ta = 25°C (All except MC3418P,0W) - - - - =1.0 =2.0
(MC3418P,0W) - - - - =10 =35
0°C = Tp € +70°C (MC3417/18L) - ~ et — =13 23
(MC3418P DWW} — A - - =13 z4.3
-55°C € To = +125°C (MC3517,18} - - - - =25 5.0
IGC = 33 uA Vee = 5.0V
TA = 25°C - 4.0 6.0 ~— —_ —_
0°C < Tp = +70°C (MC3417118) - =45 8.0 - -
~55'C x Tp < +125°C (MC3512/18) ~ 55 =10 - y —
Digitat Output Voltage vde
(oL = 3.6 mA) voL - 01 0.4 - 0.1 0.4
{loH = -0.35 mA) VOH [Vec-10]vec~-02 - vee-1.0]vee-0.2 -
Syllabic Filter Apptied Voltage (Pin 3) ViSyi 32 - vee +3.2 - vee vac
{Figure 2)
Integrauing Current {Figure 2} dindd
(Ige = 12 pA) 8.0 10 12 8.0 10 12 nA
{IGCc = 1.5 mA) (All except 3418P,DW) 1.45 1.5 1.55 145 1.5 1.55 nA
{MC3418P,.0W) — - - 1.42 .5 1.58 mA
igc = 3.0 mAj 2.75 3.0 3,25 2.75 1.0 3.26 mA
Dynamic Integrating Current Maich VO(Ave) myv
(Ige = 1.5 mA) Figure 6
{All except MCI418P,0W) —_ =100 =250 —_ =100 =250
(MC3418P.0W) — - -_ — =100 = 280
Input Current — High Logic State i A
Vig = 18 V)
Oigital Data Input — - +5.0 - - +5.0
Clock Input - - r 5.0 - - +5.0
EncodaDecode Input - - *5.0 - - +5.0
Input Current — Low Logic State e nA
Vi » 0V)
Digital Data Input - - -10 - —_ -10
Clock Input — - - 360 -~ - -360
Encode/Decada Input - - - - - -3
Clock Input, Vi = 0.4V - — -2 —_ - =72

NOTE 2. Dynammuc 101at 100p offset (2V i1y e1f Squets Vi tcompar e1ar) (Frgure 3) minus V|0 tFigure 51 The input offsat voit, Qes of Ihe anaiog ¢
and of the ntegralor amphfier includu ihe sHects of input otises current through Ine Inpus resistors. The $10D8 POlafity swich Currant Miamatch
$pPOAIS 48 an dverage vollage acioss the 10 b inlegrator resmstor. For the MC3412:MC3517, 1he clock frequency s 16 sy, For the MCXM I
MCI51d, the clock frequency is 32 kM2, idie channet et .1 S of this Oy 1016l 100p OHsul is 1ess (han ona-hail of the

€hange i inlegtsior oulpul vOilage auniny une ClOCK CyClu (14MpP step sizuk Laser mmung 18 used 10 iNUIe 9OOd 10l Chennal periormance.

MOTOROLA TELECOMMUNICATIONS DEVICE DATA

264



MC3417, MC3517, MC3418, MC3518

DEFINITIONS AND FUNCTION OF PINS

Pin 1 — Ansiog Input

This is the analog comparator inverting input where
the voice signal is applied. It may be ac or dc coupled
depending on the application. If the voice signal is to
be level shifted to the internal reference voltage, then
8 biag resistor between Pins 1 and 10 is used. The resis-
tor is used to establish the refarence as the new dc
average of thie sc coupled signal. The analog compar-
ator was designed for low hysteresis {typically less than
0.3 mV) and high gain (typicaily 70 dB).

Pin 2 — Anslog Feedback

This is the noninverting input to the analog signal
comparator within the IC. In an encoder appfication it
should be connected to the analog output of the encoder
circuit. This may be Pin 7 or 8 low pass filter output
connected to Pin 7. In 8 decods circuit Pin 2 is not used
and may be tied to Vc /2 on Pin 10, ground or feft open.

The anslog input comparator has bias currents of
1.5 uA max, thus the driving impedances of Pins 1 and
2 should be equal to avoid disturbing the idle channel
characteristics of the encoder.

Pin 3 — Sylsbic Fliter

This is the paint at which the syllabic filter voitage is
returned to the IC in order to control the integrator step
size. It is an NPN input to an op amp. The syllabic filter
consists of an AC network batween Pins 11 and 3. Typ-
ical time constant values of 6.0 ms to 50 ms are used
in voice codecs.

Pin 4 — Gain Control Input

The syllabic filter voltage appears across Cg of the
syllabic fiter and is the voltage between Vcc and
Pin 3. The active voltage to current V=1 converter
drives Pin 4 to the same voltage at a slew rate of
typicaily 0.5 Vius. Thus the current injected into Pin 4
lIGC) is the syllabic filter voltage divided by the Ry
resistance. Figure 7 shows the relationship between
IGC [x-axis) and the integrating current, ling (v-axis).
The discrepency, which is most significant at very low
currents, is due to circuitry within the slope polarity
switch which enables trimming to a low total loop
offset. The Ry resistor is then varied to adjust the loop
gain of the codec, but should be no largar than 5.0 k(}
to maintsin stability.

Pin 8 — Reference Input

This pin is the noninverting input of the integrator
amplifier. It is used to reference the dc level of the output
signal. In an encoder circuit it must reference the same
voitage a3 Pin 1 and is t.ied to Pin 10,

Pin 6 — Fliter Input

This inverting op amp input is used to connect the
integrator external components. The integrating cur-
rent {line) flows into Pin 6 when the analog input {Pin 1)
is high with respect to the analog feedback {Pin 2) in

the encode mode or when the digital data input
{Pin 13) is high in tha decode moda. For the opposite
states, lin; flows out of Pin 6. Single integration sys-
tems require a capacitor and resistor between Pins §
and 7. Multipole configurations will have different cir-
cuitry. The resistance betwean Pins 6 and 7 should
always be between 8.0 k and 13 k) to maintain good
idle channel characteristics.

Pin 7 — Anslog Output

This is the integrator op amp output. It is capable
of driving a 600-ohm ioad referenced to Veel2 10
+6.0 dBm and can otherwise be treated as an op amp
output. Pins 5, 6, and 7 provide full access to the inte-
grator op amp for designing integration filter net-
works. The slew rate of the internally compensated
integrator op amp is typically 0.5 V/us. Pin 7 output
is current limited for both polarities of currant flow at
typicaily 30 TA'

Pin 8 — Vgg

The circuit is designed to work in either single or dual
power supply applications. Pin 8 is always connected
to the most negative supply.

Pin 9 — Digital Output

The digital output provides the results of the deita
modulator's conversion. It swings between Vee and
VEE and is CMOS or TTL compatible. Pin 9 is inverting
with respect to Pin 1 and non-inverting with respect to
Pin 2. It is clocked on the falling edge of Pin 14. The
typical 10% to 90% rise and fall times are 250 ns and
50 ns respectively for Voo = 12 V and CL = 25pF 1o
ground.

Pin 10 — Vg c/2 Output

An internal tow impedance mid-supply reference is
provided for use of the MC3417/18 in single supply
applications. The internal regulator is a current source
and must be loaded with a resistor to insure its sinking
capability. If a +6.0 dBmo signal is expected across
a 600 ohm input bias resistor, then Pin 10 must sink
2.2 V/600 {) = 3.66 mA. This is only possible if Pin 10
sources 3.66 mA into a rasistor normally and will
source only the dilference under pesk ioad. The ref-
erence load resistor is chosen accordingly. A 0.1 uF
bypass capacitor from Pin 10 to Veg is also recom-
mended. The Vc/2 reference is capable of sourcing
10 mA and can be used as a refsrence elsewhers in
the system circuitry,

Pin 11 — Coincidenca Output

The duty cycle of this pin is proportional to the voltage
across Cs. The coincidence output will be low whenever
the content of the internal shift register is all 1s or all
0s. In the MC3417 the register is 3 bits long whiie the
MC3418 contains a 4 bit register. Pin 11 is an open col-
lector of an NPN device and requires a puil-up resistor.
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If the syliabic filter is to have equal chargg and discharge
time constants, tha vaiue of Rp should ba much less
than Rg. In systems requiring different charge and dis-
charge constants, the charging constant is RgCg white
the decaying constant is (Rg + RpiCs. Thus longer
decays are easily achiavable. The NPN device shouta
not be required 1o sink mare than 3.0 mA in any con-
figuration. The typicai 10% to 90% rise ana fall times
are 200 ns and 100 ns respectively for RL = 4.0kilto
+12V and C = 25 pF to ground.

Pin 12 — Digital Threshoid
This input sets the switching threshold for Pins 13,

tained for 0.5 us before and after the clock tngger for

proper clocking.

Pin 14 — Clock tnput

The clock iaput determines the data rate of the
codec circuit. A 32K bit rate requires a 32 kHz clock.
The switching threshold of the clock input is set by
Pin 12. The shift register circuit toggles on the falling
eage of the clock input. The minimum wiotn for a
positive-going pulse on the clock input is 300 ns,

whneress 1Or a negative-going puisae, it is 900 ns.

Pin 15 — Encode/Decode

14, and 15. It is intended 1o aid in interfacing different
logic families without external parts. Ohen it is con-
nected to the VC /2 reference for CMOS interface or can
be biased two diode drops above Vgg for TTL interface.

Pin 13 — Digital Data Input

This pin controls the connection of the analog input
comparator and the agigital input comparator to the
internal shift register. If high, the result of the analog
comparison will be clocked into the register on the fall-
ing eage at Pin 14, It low, tne aigital input state will be
enterea. This allows use of the IC as an encoger/decoder

In a decode application, the digital aata stream s
applied to Pin 13. In an encoder it may be unusea or
may be used 10 transmit signaling message under the
control of Pin 15. It is an invening input with respect 1o
Pin 9. When Pins 9 and 13 are connected, a toggle flip-
flop is formed and a forced idle channel pattern can be
transmitted. The digital data input level should be main-

FIGURE 1 — POWER SUPPLY CURRENT

of simplex coaec without exiernal parts. Furthermore,
it aliows non-voice panerns 1o be forced onto the rans-

mission line through Pin 13 in an encoaer.

Pin 16 — Ve

The power supply range is from 4.25 to 16.5 voits

between Pin Vo and Vgg.

FIGURE 2 - IgcR, GAIN CONTROL RANGE and
lint = INTEGRATING CURRENT
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FIGURE J ~ INPUT BIAS CURRENTS, ANALOG
COMPARATOR OFFSET VOLTAGE AND CURRENT

FIGURE 4 ~ INTEGRATOR AMPLIFIER OFFSET
VOLTYAGE AND CURRENT

Note: The snslog comparstor offset valtege Is tested
under dynemic congltiens and therstare must
be messured with soprooriate Hitering.
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FIGURE 5 - V/t CONVERTER OFFSET VOLTAGE,
Vig snd Viox

FIGURE 6 — DYNAMIC INTEGRAYING CURRENT MATCH
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TYPICAL PERFORMANCE CURVES

FIGURE 7 = TYPICAL ljpq versus 1GC (Mean : 20)
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FIGURE 11 ~ BLOCK DIAGRAM OF THE CVSD ENCODER
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FIGURE 12 — CVSD WAVEFORMS
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FIGURE 14 ~ 16 kiz SIMPLEX VOICE CODEC
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CIRCUIT DESCRIPTION

The continuously variable slope delta modulator
(CVSD) is a simple alternative to more complex conven:
tional conversion techniques in systems requiring digital
communication of analog signals. The human voice s
analog, but digital transmission of any signal over great
distance is attractive. Signal/noise ratios do not vary with
distance in digital transmission and multiplexing,
switching and repeating hardware is more economical and
easier 10 design. However, instrumentation A to D con-
verters do not meet the communicalions requirements.
The CVSD A to D is well suited to the requirements of
digital communications and is an economically efticient
means of digitizing anaiog inputs for transnussion.

The Dsita Modulstor

The innermost control 1oop of a CVSD converter is
a simple delta modulator. A biock diagram CVSD Encoder
is shown in Figure 11. A delta modulator consists of a
comparator in the forward 'palh and an integrator n
the feedback path of a simple control loop. The nputs
to the comparator are the input analog signal and the
integrator output. The comparator output reflects the

sign of the .difterence between the input voltage and
the integrator output. That sign bit is the digital output
and also controls the direction of ramp in the intlegrator.
Tne comparator 1s normally clocked 50 as to produce
a synchionous and band himied digital bit stream.

If the ciocked serial it stream is Wransmutted,
receved, and delivered 1o a similar integrator at a remote
point, the remote integrator output is a copy of the
transmstting  control  loop integrator output. To the
extent that the integrator at the transmitling locations
tracks the input signal, the remote recsiver reproduces
the input signal. Low pass filtening at the receiver output
will ehminate most of the quanuizing noise, if the clock
rate of the bDit stream is an octave Of more above the
bandwidth of the input signal. Voice bandwidth is 4 kHz
and clock rates trom 8 k and up are possible. Thus the
delta modulator digitizes and transmits the analog input
1o a remote receiver. The serial, untramed nature of the
data 15 ideal for communications networks. With no
input at the transmitier, a continuous one 2ero alternation
15 transmitted. It the two integrators are made leaky, mgn
during any loss of contact the seceiver output decays to
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CIRCUIT DESCRIPTION (continued)

2ero and receive restart begins without framing when the
receiver reacquires. Similarly a delta modulator is tolerant
of sporadic bit errors. Figure 12 shows the delta modu-
lator waveforms while Figure 13 shows the correspanding
CVSD decoder block diagram,

The Companding Algorithm

The fundamental advantages of the delta modulator
are its simplicity and the serial format of its output,
Its limitations are its ability to accurately convert the
input within a limited digital bit rate. The analog input
must be band limited and amplitude limited. The fre-
quency limitations sre governed by the nygquist rate while
the amplitude capabilities are set by.the gain of the
integrator,

The trequency limits are bounded on the upper end;
that is, for any input bandwidth there exists a clock
frequency larger than that bandwidth which will trans.
mit the signal with a specific noise level. However, the
amplitude limits are bounded on both upper and lower
ends. For a signal level, one specific gain will achieve an
optimum noise level. Untortunately, the basic delta
modulator has a small dynamic range over which the
noise level is constant.

The continuously variable slope circuitry provides
increased dynamic range by adjusting the gain of the
integrator. For a given clock frequency and input
bandwidth the additional circuitry increases the delta
modulstor’s dynamic range. External to the basic
delta modulator is an algorithm which monitors the
past few outputs of the delta modulator in a simple
shift register. The register is 3 or 4 bits long depending on
the application. The accepted CVSD algorithm simply
monitors the contents of the shift register and indicates

if it contains all 1s or Os. This condition is called coinci-
dence. When it occurs, it indicates that the gain of the
integrator is too small. The coincidence output charges
a single pole low pass filter, The voltage output of this
syllabic tilter controls the integrator gain through a pulse
amplitude moduiator whose other input 15 the sign bit
or up/down control.

The simphicity of the all ones, all zeros algorithm
should not be taken lightly. Many other control slgo-
rithms using the shift register have been tried. The key to
the accepted algorithm is that it provides a measure of
the average power or level of the input signal. Other
techniques provide more instantaneous information
about the shape of the input curve. The purpose of
the algorithm is to control the gain af the integrator
and to increase the dynamic range. Thus a measure of
the average input level is what is needed,

The algorithm is repeated in the receiver and thus
the level data is recovered in the receiver, Because the
algorithm only operates on the past serial data, it changes
the nature of the bit stream without changing the channe!
bit rate.

The effect of the algorithm is to compand the input
signal. It a CVSD encoder is played into a basic delta
maodulator, the output of the delita modulator will refiect
the shape of the input signal but all of the output will
be at an equal tevel. Thus the algorithm at the output is
needed to restore the level vaniations. The bit stresm
in the channe! is as if it were from a standard delta modu-
lator with a constant level input.

The deita modulator encoder with the CVSD algorithm
provides an efficient method for digitizing a voice input
n a2 manner which is especially convenient for digital
communciations requirements.

APPLICATIONS INFORMATION
CVSD DESIGN CONSIDERATIONS

A simple CVSD encoder using the MC3417 or MC3418
is shown in Figure 14. These ICs are general purpose
CVSD building blocks which altow the system designer
to tailor the encoder's transmission characteristics -to
the application.’Thus, the achiovable transmission capa-
bilities are constreined by the fundamental limitations
of delta modulation and the design ol encoder param-
eters. The performance is not dictated by the internal
configuration of the MC3417 and MC3418. There are
seven design considerations involved in designing
these basic CVSD building blocks into a spacific codec
application, and they are as follows:

1. Selection of clock rate

2. Reaquired number of shift register bits

3. Selection of loop gain

4, Selection of minimum step size

5. Design of integration filter transfer tunction
6. Design of syllabic filter transter function

7. Design of low pass filter at the receiver

The circuit in Figure 14 is the most basic CVSD circuit
possible. For many applications in secure radio or other
intelligible voice channel requirements, ‘it is entirely
sufficient. in this circuit, items 5 and 6 are reduced to
their simplest form. The syllabic and integration filters
are both single pole networks. The selection of items
1 through 4 govern the codec performance.
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CVSD DESIGN CONSIDERATIONS {continued)

Layout Considerations

Care should be exercised to isolate all digital signal
paths (Pins 9, 11, 13, and 14) from analog signal paths
{Pins -7 and 10) in order to achieve proper idie channel
performance.

Clock Rate

With minor modifications the circuit in Figure 14
may be operated anywhere from 9.6 kHz to 64 kHz
clock rates. Obviously the higher the clock rate the higher
the S/N pertormance. The circuit in Figure 14 typically
produces the S/N performance shown in Figure 15.
The selection of clock rate is usually dictated by the
bandwidth of the transmission medium. Voice band-
width systems will require no higher than 9600 Hz.
Some radio systems will allow 12 kHz. Private 4-wire
telephone systems are often operated at 16 kH: and
commercial telephone performance can be achieved
a1 32K bsts and above. Other codecs may use bit rates
up to 200K bits/sec. &

FIGURE 15 ~ SIGNAL-TO-NOISE PERFORMANCE
OF MC3417 WITH SINGLE INTEGRAYTION, SINGLEPOLE
AND COMPANDING AT 18X BITS - TYPICAL
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Shift Register Length {Algorithm)

The MC3417 has a three-bit algorithm and the MC3418
has a four-bit atgorithm. For clock rates of 16 kHz and
below, the 3-bit algorithm is well suited. For 32 kH¢
and higher clock rates, the 4.-bit system is preferred.
Since the algorithm records a fixed past history of the
input signal, a longer shift register is required to obtain
the same internal hsitory. At 16 bits and below, the
4.bit algorithm will produce a slightly wider dynamic
range at the expense of level change response. Basically
the MC3417 is designed for low bit rate systems and the
MC3418 is intended for high performance, high bit rate
system. At bit rates above 64K bits either part will
work well,

Selection of Loop Gain
The gain of the circuit in Figure 14 is set by resistor

Ryx. Ry must be selected to provide the proper integrator
stap size for high level signals such that the companding
ratio does not exceed about 25%. The companding ratio
is the active low duty cycle of the coincidence output on
Pin 11 of the codec circuit. Thus the system gain is depen-
dent on:

1. The maximum level and frequency of the input

signal,
2. The transter function ot the integration filter,

For voice codecs the typical input signal is taken to be
a sine wave at | kHz of 0 dBmo level. in practice, the
useful dynamic range extends about 6 dB above the design
level. In any system the companding ratio should not
exceed 30%.

To calculate the required step size current, we must
describe the transfer characteristics of the integration
filter. In the basic circuit of Figure 14, a single pole ot
160 Hz 15 used.

Ry = 10kf}, Cy = 0.1 uF

Yo v .- K
I, CS+ACH S+up

wgo = 2nf
103 = wg = 2ni
t=159.2 Hz

Note that the integration filter produces a single-pole
response from 300 to 3 kHz. The current required to
move the integrator output a specific voltage from zero
is simply:

. I = %? + (C~| x 9%0)

Now a 0 dBmo sine wave has a peak value of 1.0954
volts. In 1/8 of a cycle of a sine wave centered around
the zero crossing, the sine wave changes by approximately
1ts peak value, The CVSD step should trace that change.
The required current for a 0 dBm 1 kHz sine wave is:

WV 0 pELY)
't2110k82) 0.125ms

*The maximum voltage across Ry when maximum
slew is required is:

= 0.935 mA

1.1V
= .
Now the voltage range of the syllabic filter is the
power supply voltage, thus: .
1
Ry = 0.25(V e
x " 0.B5IVel! Faze A

A similar procedure can be followed to establish the
proper gain for any input level and integration filter type.
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CVSD DESIGN CONSIDERATIONS (continued)

Minimum Step Size

The final parameter to be seiected for the simple codec
in Figure 14 is idle channel step size. With no input signal,
the digital output becomes a one-zero aiternaung pattedn
and the analog output becomes a small triangle wave,
Mismatches of internal currents and offsets Lmit the
minimum step size which will produce a perfect idle
channel pattern. The MC3417 is tested 10 ensure that
2 20 mVp-p minimum step size at 16 kHz will attain a
proper idie channel. The idle channel step size must be
twice the specified total loop offset it a one-zero idie
pattern is desired. In some applications a much wnaller
minimum step size {e.g., 0.) mV) can produce quret
performance without providing a 1 -0 pattern.

To set the idle channel step size, the value of Run
must be selected. With no input signal, the slope control
algorithm is inactive. A loang series of ones or zeros never
occurs. Thus, the voltage across the syllabic filter capaci-
tor (Cs) would decay to zero. However, the voitage
divider of Rg and Rpip (see Figure 14) sets the minimum
allowed voltage across the syllabic filter capacitor. That
voltage must produce the desired ramps at the analog
output. Again we write the filter input current equation:

Vo, Vg

li = Ay dt

For values ot Vg near Vee/2 the Vo, R term s negle
qible; thus

where AT 13 the clock period and AVo 15 e aesued
Peak-10-peak value of the die output. For a 16K-bit
sYStem using the curcuit in Figure 14

L 0.0 pF 20my
62.5 us

The voltage on Cg which proauces a 33 JA cuirent 15
determined by the value of Ry,

N + 33 uA

liRx = Vgmin:tor 33 uA, Vgmin = 41.6 mv

In Figure 14 Rg s 18 ki), That selection 1 discussed
with the syllabic tilter consigerations. The voltage awider
ot Rg ana Am,n Must produce an output of 41.6 mv.

Rg

veg ——————
2 RS+ Amin

® VSmin  Rpun = 2.4 MQ

Having establisned these four parameters ~ clock rate,
number of snift reqister bits, loop gain and Munimum
step size = the encoder circuit in Figure 14 will tunction
at near opuimum performance for input levels wiound
0dBm.

INCREASING CVSD PERFORMANCE

Intagration Filter Design

The circuit in Figure 14 uses a single-pole integration
network formed with a 0.1 uF capacitor and.a 10 k§2
resistor. It is possible 1o improve the performance of the
circuit in Figure 14 by 1 or 2 d8 by using 2 two-pole
integration network. The improved circuit is shown.

The first pale is still placed below 300 Hz to provide
the 1/S voice content curve and a second pole s piaced
somewhere above the 1 kHz frequency. For telephony
circuits, the second pole can be placed above 1.8 kHz
to exceed the 1633 touchtone frequency. In other com-
munication systems, values as fow as 1 kHz may be
selected. In general, the lower in frequency the second
pole is placed, the greater the noise improvement. Then,
o ensure the encoder loop stability, a zero is added 10
kesp the phase shift less than 180°. This zero should
be placed slightly above the tow-pass output filter break
frequency so ‘as not to reduce the effectiveness of the
second pole. A network of 235 Hz, 2 kHz and 5.2 kHz
is typical for telephone appiications while 160 Hz,
1.2 kHz and 2.8 kHz might ba used in voice only channels.
[Voice only channels can uge an output low-pass filter
which breaks at about 2.5 kHz.) The two-pole network
in Figure 16 has a transfer function of:

1
RoR (S
Vo 4 ‘('mm)

N 1 1
R2C2tRg + RIS v Vg of 1
2C2(Rg + u( (Rovanc.) '(a;c)

FIGURE 16 - IMPROVED FILTER CONFIGURATION
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INCREASING CVSD PERFORMANCE (continued)

Thus the two poles and the zero can be selected arbitrarily
as long as the zero is at 2 higher frequency than the first
pole. The values in Figure 16 represent one implementa-
tion of the telephony tilter requi

The- selection of the two-pole filter network effects
the selection of the loop qain value and the mimimum siep
size registor. The required integrator current for a given

change in voltage now becomes:

Vo ’(R2C2 . R1Cy . CI) AV

ent,

i +

Ro Ro Ro AT
R1C1R2C2\AVo2
(RzCzC|* 1C1RY 2) 0
Ro AT?

The calculation of desired gain resistor Ry then proceeds
exactly as previously described.

Syllabic Filter Design

The syllabic filter in Figure 14 is a simple single-pole
network of 18 k2 and 0.33 uF. This produces a 6.0 ms
tima constant for the averaging of the coincidence output
signal. The voltage across the capacitor determines the
integrator current which in turn establishes the step size.
The integrator current and the resulting step size deter-
mine the companding ratio and the S/N performance.
The companding ratio is defined as the voltage across
Cs/vee.

The S/N performance may bs improved by modifying
the voltage to current transformation produced by Ry.
If ditferent portions of the total Ry are shunted by diodes,
the integrator current can be other than [Vcc ~ Vg)Ry.
These breakpoint curves must be designed experimen-
tally for the particular system application. In general,
one .would wish that the current would double with
input level. To design the desired curve, supply current
to Pin 4 of the codec from an external source, Input 3
signal fevel and adjust the current until the S/N perfor-

mance is optimum. Then record the syHabic filter voit-
age and the current. Repeat this for all desired signal
levels. Then derive the resistor diode network which
produces that curve on a curve tracer.

Once the network is designed with the curve tracer,
it is then inserted in place of Ry in the circuit and the
forced optimum noise performance will be achieved
from the active syllabic algorithm, .

Diode breakpoint networks may be very simple or
moderately complex and can improve the usable dynamic
range of any codec, In the past they have been used in
high performance telephone codecs.

Typical resistor-diode networks are shown in Figure 17.

FIGURE 17 — RESISTOR-DIODE NETWORKS

Al R2 "l

[-1] D2 D3
A1
O-E:
o1
If the performance of more complex diode networks
is desired, the circuit in Figure 18 should be used. It

simulates the companding characteristics of noniinear
Ry elements in a different manner.

Output Low Pass Filter

A low pass filter is required at the recewing circuit
output to eliminate quantizing noise. In general, the lower
the bit rate, the better the filter must be. The filter in
Figure 20 provides excelient performance for 12 kHz
to 40 kHz systems.

TELEPHONE CARRIER QUALITY CODEC USING MC3418

Two specifications of the integrated circuit are speci-
fically intended 10 meet the performance requirements
of commercial telephone systems. First, siope polarity
switch current matching is laser trimmed to guarantee
proper idle channel p'erlovmance with § mV minimum
step size and a typical 1% current match from 15 uA
to 3 mA. Thus a 300 to 1 range of step size variation is
possibte. Second, the MC3418 provides the four-bit
algorithm currently used in subscriber loop telephone
systems. With these specifications and the circuit of Fig-
ure 18, a telephone hualilv codec can be mass produced.,

The circuit in Figure 18 provides a 30 dB S/Nc ratie
over 50 dB of dynamic range for a 1 kHz test tone at
2 37.7K bit rate. At 37.7K bits, 40 voice channels may
be muitiplexed on a standard 1.544 megabit T1 facility.
This codec has alsa been tested for 10-7 error rates with
asynchronous and synchronous data up to 2400 baud
and for reliable performance with DTMF signaling. Thus,
the design is applicable in telephone quality subscriber
loop carrier systems, subscriber loop concentrators and
small PABX installations,
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TELEPHONE CARRIER QUALITY CODEC USING MC3418 (continued)

The Active Companding Netwerk

The unique festurs of the codsc in Figure 18 is the
step size control circuit which uses & companding ratio
reference, the prasent step size, and the prasont syllabic
filter output to establish the optimum companding
ratios and step sizes for any given input level. The com-
panding ratio of a CVSD codec is defined as the duty
cycle of tha coincidence output. it is the parameter mea-
sured by the syllabic filter and is the valtage across Cg
divided by the voltags swing of the coincidance output.
In Figure 18, the voltage swing of Pin 11 is 6.0 volts.
The operating companding ratio is analoged by the volt-
age between Ping 10 and 4 by means of the virtual short
across Pins 3 and 4 of the V to | op amp within the
integrated circuit. Thus, the instantaneous companding
ratio of the codec is always available at the negative
input of Al.

The diode D1 and the gain of A1 and A2 provide a
companding ratio reference for any input level. If the
output of A2 is more than 0.7 valts below Vees2, then
the positive input of A is (VCe/2 - 0.7). The on diode
drop at the input of Al represents a 12% companding
r8tio (12% = 0.7 V/6.0 V).

The present step size of the operating codec is directly
related to the voitage across Ry, which established the

integrator current. In Figure 18, the voitage across Ry
is amplified by the aifferential amplifier A2 whose out-
put is single encad with respect to Pin 10 of the IC.

For large signal inputs, the siep size is large and the
output of A2 is lower than 0.7 voits. Thus D1 ia {ully on.
The present step size is not & factor in the step size
contral. Howsver, the difference batween 12% com-
panding ratio and tha instantaneous companding ratio
at Pin 4 is amplitied by Al. The output of Al changes
the voltage across Ry in & direction which reduces the
gitference between the companding reference and the
operating rauo by changing tha step size. The ratio of
A4 and R3 determines how closely the voltage at Pin 4
will be forced 10 12%. The sulection of A3 and R4 is
imtially expenimental. However, the resulting compand-
ing control is dependent on Ry, A3, R4, and the full diode
arop D1. These values are easy 10 reproduce from codec
to codec.

For small input levels, the companding ratio reference
becomes the output of A2 rather than the diode drop.
The operating companding ratio on Pin 4 is than com-
pared 1o a companding ratio smaller than 12% which is
determined by the voltage drop across Ay and the gain
of A2 and Al. The gain of A2 is also expenmentaily
determined, but oncs determined, the circuitry is easily

FIGURE 18 ~ TELEPHONE QUALITY DELTAMOD CODER
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MC3417, MC3517, MC3418, MC3518

TELEPHONE CARRIER QUALITY CODEC USING MC3418 {continued)

FIGURE 19 ~ SIGNAL-TO-NOISE PERFORMANCE
AND FREQUENCY RESPONSE
(Showing the improvement restized with
the cireust in Figure 18.}
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repeated.

With no input signal, the companding ratio st Pin 4
goes to zero and the voltage across Ry goes to zero.
The voltage at the output of A2 becomes zero since
there is no drop across Ry. With no signal input, the
actively controlled step size vanished.

The minimum step size 15 established by the 500 k
resistor between Vo and Ve/2 and is therefore inde-
pendently selectable. *

The signal to norse results of the active companding
network are shown in Figure 19. A smooth 2 dB drop is
realized from +12 d8m 1o -24 under the control of A1,
At -24 dBm, A2 begins 1o degenerate ‘the companding
reference and the resulting step size is reduced so as to
extend the dynamic range of the codec by 20 dBm.,

The slope overload characteristic is also shown. The
active companding network produces improved perfor-
mance with frequency. The 0 dBm slope overload point is
raised 1o 4.8 kHz because of the gain available in control-
ling the voltage across Ry. The curves demonstrate that
the level linearity has been maintained or improved.*

The codec in Figure 18 15 designed specifically for
37.7K bit systems. However, the benefits of the active
companding network are not limited to high bit rate
systems. By modifying the crossover region {changing
the gain of A2), the active technique may be used to
improve the performance of lower bit rate systems.

The performance and repeatability of the codec in
Figure 18 represents a significant step forward in the art
and cost of CVSD codec designs.

A larger value for C2 is required in the decoder circuit
than in the encoder to adjust the level linearity with
frequency. In Figure 18, 0.050 uF would work well,

FIGURE 20 ~ HIGH PERFORMANCE ELLIPTIC FILTER FOR CVSD OUTPUT
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FIGURE 21 - FULL DUPLEX/32K BIT CVSD VOICE CODEC USING MC3517/18 AND MC3503/6 OP AMP
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COMPARATIVE CODEC PERFORMANCE

The salient feature of CVSD codecs using the MCJ3517
and MC3518 family is versatility. The range of codec
complexity tradeoffs and bit rate is so wide that one
cannot grasp the interdependency ol parameters for
voice applications in a few pages.

Design of a specific codec must be tailored to the
digital channel bandwidth, the analog bandwidth, the
quality of signal transmission required and the cost
objectives. To illustrate the choices available, the data in
Figure 22 compares the signal-to-noise ratios and dynamic
range of various codec design options at 32K bus.
Generally, the relative merits of each design feature will
remain intact in any application. Lowering the bit rate
will reduce the dynamic range and noise performance
of all techniques. As the bit rate is increased, the overall
performance of each technique will improve and the need
for more complex designs diminishes.

Non-voice applications of the MCJ3517 and MC3518
are also possible. In those cases, the signal bandwidth
and amplitude characteristics must be defined before
the specification of codec parameters can begin. How-
ever, in general, the design can proceed along the lines of
the voice applications shown here, taking into account the
different signal bandwidth requirements.

FIGURE 22 — COMPARATIVE CODEC PERFORMANCE ~
SIGNAL-TO-NOISE RATIO FOR t kHz TEST TONE
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These curves demonstrate the improved performance obtaned
with several codec yesigns of varying complexity.

-8 -0 -0 0

Curve & — Complex compending and double integration
{Figure 18 — MC3418)

Curve b — Double integration {Figure 14 using Figure 18 —
MC3418)

Curve ¢ — Singie integration [Figure 14 — MC3418) with

+ 6.0 mV siep size

Curve d — Singie integration (Figure 14 — MC3417) with

25 mV step sue
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PIN ASSIGNMENTS
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| . MC12015
| ‘ AOTOROLA MC12016
| MC12017

MECL PLL COMPONENTS
- LOW-POWER TWO-MODOULUS PRESCALER

The MC12015, MC12016 and MC12017 are two-modulus pre- LOW-POWER
scalers which will divide by 32 and 33, 40 and 41, and 64 and 65 . TWO--MOOULUS
respectively. An intarnal requiator is provided o allow these PRESCALER
aevices [0 ba used over 3 wide range ol power-supply voltages.
The devices may be operated by apoiyinq a supply voltage of 5.0
Vde = 10% at pin 7 ar by spplying an unregulatad voltage source
from 5.5 Vdc to 9.9 Vdc to pin 8. ki
e 225 MHz Taggle Frequency
P SUFFIX
o Low-Power — 7.5 mA Max at 6.8 V ( BLASTIC PACKAGE
o Control input and Output are Compatible with Stanaard CMOS l ; CASE 526
» Cannecting Pins 2 and 3 Allows Driving One TTL Load ’
o Supply Voltage 4.5V 10 9.5V
. D SUFRX
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