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ABSTRACT

Today the digital communication is very popular because it give higher speed and lower
noise. This project has developed 1o educate the oversampling which is coming to popular analog
to digital converting because the oversampling give low bit output number of digital output
signal. So you can convert the analog input signal (o one bit, two bit and three bit of digital output
if you increase the bit output number that is you can transfer more detail of analog imput signal to
digital output signal than the lesser bit output.

The digital output is continuous bit stream comes from the comparison of present and
former amplitnde of analog input signal so the digital output is the result of differentiation
between present and former amplitude of analog input signal.

The next important parameter is sampling rate normally analog to digital for speech is
® kHz but oversampling can use up to 256 kHz that increase the qualitics of analog output signal

of oversampling digital to analog circuit also.
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o I 97 -y oo &£ o
auysel  dgumdnvesnisldan ATreaNameinAe round- off error ¥4119INMIINIZM
a9 9 Tuadiamaadluszul round-off error agas l@TaaiunmeIve dulsLdNT delia -
sigma Aid  @ungl¥raesAsneafamesviiallsunmnld  Sefidrusielunsyizgnd

IHaunateau (1w nissideda nTenuneduszuLIEe)
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= F. -y g
malSuanioy adneadawmed

mmpulse response (IIR) iqﬂﬁ 4.11 sﬂu FIR filter ﬁfi’fﬂﬁuhmn nonrecursine lanzﬁ@m1m
Wodi

¥
AvaoadameiNug il aowiia Ao finite impulse response (FIR) 1az+i1 infinite
= A P 9 o - o
suwn wngailonldouWdygnauemynesnuiieasuiuIUYes delays

FIR filler y(n) =2,

a(k) x(n-k)

X{n)

Summation

71 4.11 vAenlavzIATUYBY N th-order FIR filter

[ I 4
dau TR filter (Ragili 4.12) Tdaunstloundudae R &t finduluuy recursive

Ty sunnes TE5unsasuauaanIn IR fier aasana lesnniidiuvesnsileundy
avenIunuiag uemynIfiiiuTamdunn aun1sves IR filter

y@ =2 " allxmk) - 2. bEy@k

Audnyae211veq FIR filter
1. Tufiaanzamiveu diesein il pole (feed back terms)

2. Bigunsasansiu error 19 1penndaauduymezngasiniai idszun i

W 9 o T
apVTuBIS NN (W31 hill feed back) AuTuie hidosmsadul sz anii
Ingiaaw IR filter
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3. a9l URTIZHY

4. dosmsmauvesdunlszAnsnInnin 1R filler 11099103 band width UALAD
IR 714 band width uaufims1z 1901591 multiplication 38 filter tab ifusmiau
uniiesennis lifl pole winamloundu i1 1¥ns roil-off gnida

¥ N »
5. M amulss AN A IWUBIN15H decimationtieaan1if v am luudazuauila

i

|

* |

n} S

=1 B |
N B L EL o

-__4@7_1_7__/! 3 . -HIH"'"@*
ST 1
H— J a2 / -----—\ L1} —*J

7104 4.12 udenlaezinsuued IR filter

qadnuuyialivas TR filter
1. fiduvesnisteundu ieannd pole in159i1 roll-off Tgandn
0 ' 1 I's
2. ndnnudeauyssinnnd FIR filer wsizdeslddaymnvesemynlunn 9
¥ ¥

arsumnta vl decimation 'l ' l8uazdeelfuaranlasdni FIr

g o =) &4 qy g 1 o a o &
3. doafimaquansad e ldinilviszundindin@esnw  aneaynaAIsIie

wnniavusdnIsiloundy

Decimation

=1

] ¥ ) []
nszinumsYesmsilnsd g ufiviadu (short words) Alinamage lqdygw
W

o

o J P s @ Yo A R . o
nUYHIADTIUY (longer words) fnnudaniusanauluda decimation !ﬂUﬂﬁﬁﬁﬂ?mﬂHUiﬂI

an

a v P o = o [ (=
pazA NG U8 T ULaeE LR e llunsnszimundamans wu dmnluiimsaa
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o (L] - 1 I . a .3 s
8aauE IR N-tap filller szWUNIAIUBUYNABINITAIU multiplication  INNYUN @2
ar A q’ J =3 as Ay = 1 L4 a = n{
uazdaRnna e siyldsudn  ilunmsdunlfesedann Wy mindulising
=] Q = [ 3 =1 a 3 . = oo
flvnagiamiwauin ilddesdl @p wnaw MW unie delay H1uammnamivde
aunsveas i udulszdnt  dmMFus v tap filler A9 N-1 coefficients for an N-tap
filter Aananaluzya 4.12
E
winaasumMIsINdensmiaae  hldannioaamigu  uazmsnsei
= o < a

NUAUARIAAT ( multiply and accumulate MAC) Y84 processor asi IUsevdasudszuom
uoztulszAnsnmitesnindygusuniusinmelu (intemal Noise) Miiaainnisaing
F18A A geUn9IATABA Uooniwil decimation Twadns Twaanderfudy filer noz
TunisasMuilugae 9 ¥8TLUUVAE7TZ VY (cascaded) UARETEULNEAINIITN decimation
farmmaaiu 314 413 Ae dredrdeqlel¥iiud decimation 10 filtering 1fwaanu

ar ' a T 5 s a 1
wion g fu'lgednls exduldhmnuFiveseniynild aradludasmuim N

. w o =
(floannmaLINTEnIn N input uasuidlaguiu N duilszindaz1d decimation factor Ao N

Address |
Generator J

o o a2

Fs !

I .

Fsi{n#1)

JE—— -—

Xm——— - ——n X ——» Summation ‘L% Yin)

\\_7/ o 1

31 25 FIR filter with 1/N Decimation
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r1esulasdynadinea iuewdenyiia Delta - Sigma

(Delta-Sigma D/A converters)

v o . A o a ar

Delta-Sigma Dac ANWNNY delta-sigma ADC  ATINDIATIANNIT) (rate) VDIAYY M
Py v o . . ¥ w & d  aa = 5 = =
WinnludY8e ADC P13711 decimation IFamiadar wiigenianuazidoad Tlinam
ffnImanaIwaz Boagendt AU Delta-Sigma DACs  ezndunu  Tuiinszuoumsd

= o, . 8 s Y an < 1 a
S8R 71 interpolation (314 4.14) szihmsusudadyaualaeaeMyn  AWANUTIY
a ¥ o am A = ; : J r= o a ¥ o
widsiaatreaninawazdoad gauaudlownaiediu dunigudaesanusigeiliine
Foyaauemwnitianuazidoags detreanuisiilfiedens1d  low-pass filter 309

dyaueurfiensemn

NFs

X(n) )’ Y(l;)

i 19 4.14 Sampling Interpolation
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HANNITHINHIAZNG Y YN T0RNUDLY

HANN15H 19 14V990 1A A/D Converter

CLOCK
8,16,32,64,128, 256
kHz

] N A/D
AUDIO ]
AMP LPF Delta Modulation

DIGITAL O/F

3 141 5.1 Block diagram n19 A/D Converter

MANN1IHIUVBINIA A/D Converterd MIALIUADUNTHINUAUAAIATY Block
diagram 31l91 5.1 P13919UEUIN Condensor MIC vz msanudyananiivaya (Speech
Signal) I udaynama i duudh ldmanaueslud (Audio Amp) i I¥duuuss

T ¥ 1 1
wofaz1d 1 dnimivssdainludiaes LeF Wienseamunwizaimd 0-4 KHz Tdruly14
st emfuideldidaaes Ap Weimsnasdyanandesnndygin Analog 1
o .. = 9/ W £ as ¥ a
Fyaw Digial TamBusiawmadwegasu delumaudaidyau Analog Iiludgyau
¥ o 4 as P = , o
Digital 192010 Clock Fudludgganidin vuifuarmdlunis Sampling Ay Tag 1433
1w v 1 r o . =] i
M5 AUA29619A5F8nT1 Oversampling ¥ANN15¥04 Oversampling  fAvez1FAIMDIUNS
Sampling iﬁﬂfhm'i Sampling HUUTITUA Taen11Uud2 A/D Converter 921915 Sampling
é { 1 A as 1
puusssua Faldanudlums Sampling Uszina 2 mesnnudgagavesdyaaluin
! . » e . ] ] aa
199 14 Oversampling 9519771145 Sampling WINAN 2 911 Fadluanudiiga uae
da d e q W . o P o q ¥ a
AuDeganezi 1€y Sampling dganuozideatiy Fazinlinsudasdoyanu Analog
(Y] . - & 4 s o
fludya v Digial HdssdnEmmnnbedu  nazlumsulasnduunitudyaie Analog
F o o W Yo o - ' s A ¥ 4 L .
madumaiufee 1dudganamiiouniads TasAadisuies nd1 1831 Oversampling 92
: 3 g — .y ad R
¥INAATYYIUTUNIUNITENIT Quantization noise 18 anuailyiums Sampling Uf0 8, 16,

[] 1 r [l
32, 64, 128, 1% 256 KHz Ma#i1#n21mdluns Sampling wate 7 el AifeszilSoumay
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1 W = ] ar :hlﬁ éf{ ciCl . J A
HNTTUINANNUANANUBIAYTY I Output N 1A HBAIUD IUNIT Sampling IVUITOH 9 92

Iy i o a4 4
¥y Cutput HauazFamumInaliuiiue

Hann19v 19149939017 D/A Converter

CLOCK
8,16,32.64,128, 256
kHz

DA

Delta Modulation

DIGITAL I/P

LPF AUDIO AMP

g‘ﬂﬁ 5.2 Block diagram 1% D/A Converter

HANNINIUYEINIA D/A Converter HAIAUTUABUMINNIUAWTAIAIN
Block diagram §i# 5.2 Tasuanmsfudynin Digital 1912495 D/A iWeimisuilag
Fyaw Digital iludaanu Analog wFaumlasnduidudyanadeaiues Tasil cLock iilu
as - i & H s a
Faynnaninuduaiualuns Sampling Faziinudasaduiunesdiuna A/D Converter

A o o W 4 ra d'l ar - . a
e iwemsutasndudaniniez Idgndes hifianmadendasdanw Digial Hudyaiu
: ° 1 ! 2| o ar = ¥ J
doandrmiuiwruaees  LPF ensasnnd udawhimsvedyaandedIdusdn
182995 AUDIO AMP néaflousenlidedrTng
= =y ] é = s . .

DM fB n3303Tveamsvuas vuIuved pulse ¥elin1un$19aed ) (Fixed width

g . o ¥ o a 4 ‘3 -
pulse) Taaiid {polarity) ﬁ'.'lum%uﬂﬁ Demedulator PNATUTY il output fIVU (rise)

wieanaan (fall) Tugrauang pulse Aidhin
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Pulse
Generaior

m{t) X
Modulator Channel 3 Level Integratar Lowpass m{t)
‘ Regenerator Detector Filter

Integrator '1—‘

Ci — o 9 ;4
5191 5.3 ndannspad egIATY

U T
NNATUAY
1) Comparator Wiy High gain difterential comparator
- ﬁmmﬂwmﬁ%zddﬂam%ma noninverting input (+)
@ A w . i . a A - @
— YW INIILINN inverting input Aﬂuﬂtgtyﬁumnﬂmnmi feed back Nl
1N910 Output TAslianyuzAdeAydy UL T
— Comparator 9% Samration Tdnedu positive H3o negative Supply Voltage
v v B T . L -1 A i
284 lanaanila YUDYNUUIUDY Voltlage HOANIZTHIN input (+ U Volt FIHTONINI - input)
19809 RIU output 9z}na + 159 -

2} Modulator 1851 pulse pi (1) idunyu unipolar (ﬁﬁ’]ﬁ]ﬂlaﬂfl) Tagll Sampling
rate (NABIMs FnThi SW I ouput ¥09 Mod. 8an'lil'1& pulse iilu +1 w3a -1 As gn
afude pulse Ayanmiivensnvzgnasean’lihdiu oupu po(ty ndadsdaunduludeums
input [AYK U993 Integrator NOY

3/ 4 @ a = a o L A4 gy
3) Integrator 9za¥ NgUnAuTUTWIalinugemed Taednziule 1Al « +
& 4 g - :
wazdanzanauied puse - Tdudym mo anugaues puse UiuldTaenan/auy
1nlad gain factor V84 Integrator NILHY gain iﬂ%‘ﬁﬂﬁgﬂﬂﬁuﬁ Maximum rate Rmax U84117

4 4 &
VHINWTY
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maduia
1. Regenerator 9ziad g i 11519910 noise 1¥milougilian

L7 )

Fd
2. Integrator a3 dygmniugddusiula m

3. Lowpass Filter U9 Quantization Noise @YW m”(t) fazeen llimileu

dananauuniaa

ninmsinadiuegatu (Delta Modulation)
vansnasedlulasanuil I8l lesduSegllunulasdyapuewndoniu

Py a 9 O o o =) a . .
ﬂﬂﬂﬂﬂlﬂl&‘b’ﬂﬂ 1AaMUDHINTU clm"lwmai MC 3418 lﬂu‘lmﬂ‘]f’llilﬁﬂ {continuous variable
slope delta modulation and demodulation) Yediauedifmsiaadweqadsu As uouni

4 A o ﬂp‘ d‘ -, 1 A L4 _~
anud lFnugigadinalasaamdldauuinn uazszgeaniniudgegavesdygy mauny

' ] n: A o & = d = ar -
nand 2 wndul) Sadunile fle arwndvesmmtldeundasnnugeusadygnmyie
launiindlsud (dynamic range) sEUVIRARWBG@TUTISUANIA Taulindisudiuay Suilu

9 = P = o 9 = = o gq ¥ 9 J % s
ﬂﬂQNﬂQUIWHlﬂUﬂ1WU1ﬂmfJ'lle]ﬂu'lllﬂﬁl'iu‘ﬂclﬂﬂTN'ﬂu TﬂUﬂ]iﬂ?ﬂﬂuﬂﬂ'ﬂﬂ'ﬁ'ﬂEI'IUW'JQIEN

¥
oy

Budinsiaed (integrator) e lvinauaussdodyaiuniarwiunn 7 1y sziiliye
Fenlmidn szinneadwegnsunuunlasunlasnuiuaeiiies 159 CVSD (continuous
variable slope delta modulation)
»
szuy CvSD Meanuasnnewdeniluaiaea wazaiumlasnduninddaen
a = = 0w me oA = o o
fusudongali 5.4 uazgilit 5.5 awdran 35msves CVSD Afe UnsasaTzATTyY
o At e o - ] v a =
Tate101438mssa s iaimes (register) dmiuiudoyadigaduan 3 834 in udasan
] = = D 9/ [] 1 dyw 'y J
giuilu <0" wuanse “17 wuawdehi Hlvnaneiwuziisanmivenivgeiumnely
v 3 1 o g o os A at A4 Adga o EY
$a91u ludmvesmantaandn Ainsdanuludnemahedny fAe Tlaweinsigueya
iy o0 wuande 1» wwanioli ufwammuguiasinisuaevesduiiinaaes ¥
apandeaniu
o @ = . A o o 9 ) ¥ a =
dmfuiinEm it rate) w50 dasuTrvesdoyadmivITMmumadwogatu I
EE A o - 1A [ = s = ad
anudndua I dyanuuRnusu@sayaluszouTnsdwd Juouanuindw 4 Aladin
Foaldarmduiin 16 Aladin Tddeynalaeaniiingm 16 flaiindedundl Hudu
» T
TuTasenuitz1y Tedued Mc 3418 vosTuTalsar duddeaduogadyu naz
re o o = < a/ o 3 Qs I~ oo LY oy ﬂ
auegaruduRemimihiivanasdygaeudendudiaen uazndasnduninavaeaiy

o [ ] s Vet aa
owden nldfuszuudeasmislmiinluszuuateea
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DIGITAL OUT

h

SLOPE
POLARITY
SWITCH

v

LEVEL
DETECT
ALGORITHM

SLOPE
MAGNITUDE
CONTROL

4 as o o o oo
317 5.4 vAenupudinsvinuvesdiead lumsmlasdyanuaneudenifudiaea

CLOCK
DIGITAL IN
EE— SAMPLER
AUDIO OUT
4+———— INTEGRATOR

LEYEL
DETECT

ALGORITHM

SLOPE
POLARITY
SWITCH

SLOPE
MAGNITUDE
CONTROL

; o s s = o an ot
719 5.5 vdenurudInTIUYesFIead lunsulasdyg uendsaeaifiuewden
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doldiiovves DM ufle adwhe  wazlwiemiynesnuudu serial 1aw
Yefiiavas DM Asanudissasslumsntlasdyanueudeniudyauainoad s bi rate

>
o & as o

f6da fatiy BudeneMYMIABalin1A19ANS bandwidth UAZ amplitude FIMTVAIIA
[ [] ¥ 9
vriingagevesnnubdunn TuliiAun 9199z encode 18 dau amplitude siuvzdriaviaga
M . s B o ’ a . y i 1

qAUNEAITA IMI12 amplitude AIAIGAABY TAINI192AVVRY noise 1 DM adravuvmey laid
A udunn $MIY delta modulaion nUUFTTUA WA MY lauindisudd uasliszdu
Y94 noise AN

o 7] . . A’J ] L A a - Y o o

TIMITUINNT contimuous vanable slope ‘I.!‘I.llj‘igﬂﬂ‘imiﬂ (oA lawdindisue
£ 5 Llﬁu[ as . P g Y aa a N ]
F IR AN 1TUTY  gain YBIITBUAINTIMBT AI8dTMmsaT AR Uy INdUWN Tauld

¥
shift register U938 3 w38 4 AMAmnAnI 199U CVSD vzasaFagaminiglu shift register
» v
W <o wia «1” Manuanseli Sreineluved shift register 18U “0" W30 1 Wianua
v . = a ) . J
AR gain vesdudinumeiiesll ez ldwauanieonuIni coincidence 1819 YN
TUvIn TN gam vesduRinTIAey
oo ¥ , Y o AmAd A ' w -
UBNNIZNT 19 shift register UGNUITOUEN 1HU 117IA average power HID
r ot = ¥ - A S ad ¥ dw ¥
mziavinevesdagudurn vieaivdeusvuzyeduNn  ¥3Enamatidiundiua
1 t w ¥
ADINITAIUAN gain VDIBUTINTIADS 1WeRN laulindisutues DM Nadu
= ¥ a 4 a o s

91n35015 encode #1 H19n1iNNTFluns decode NMAMTY 151700z IddRygy 100
an o = : T < W ¥ =
Avaaa MyNI U ITLATIAUN IS IUBUNY

3

911351589 CVSD W38N Compand (compress + expand) 1i1dRnym
A3A0AIDMKNYDY CVSD encoder 1119113 decode #78 DM HUUTITHAT (MT© LDM 1iuieq)
MR RMa AR IuBufnTmes gy wldnyussuREIfUNIuBuRNn  udszay

amplitude 3zTVUIANAUARDA AITUTTAT decode CVSD NAn 1FIFUABIAUITNS encode

mseenuuuilszgndl¥aiy CVSD

lofiwas MC 3417, MC 3418 (Thu cvsD uuude  misaeliiaudiu encode
A2 decoder AuaRsluzI 5.6 Todwitaiidu cvsp nuu gy AlFaunseeeniuy
Yiudgeld Sdsfidoamsdmuauazeenuuy 7 Yafie

1. fMuanmdvesdyn IR (clock rate)

2. VA shift register 10314 (3 Wi 4 o)

3. 1dan loop gain
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4. MUUAYUIA step MANNTA
5. RAUUUBUNNTFUNAIABS transfer function
6. 98UV syllabic Alter transfer function

7. DALY low pass filter

L7 =, ST G L) [
daueNMIWMUAzVINAVDITHDene s
>

< . a 4 . =
1un1saan11umuﬁu li1ﬁﬂ\1ﬂ11’i‘l—lﬂﬂ1‘l&i“ﬂﬂ\1 CVSD #dmiu Uwisn fife

dyenndnmdesdiuesifenin bM afwdygaufitusynsueanuuas daiudnm

o e

=)

wazdya mInAnionmivesns nwnlds ARedaReItuiues dmiwnvesdaya o

WA S/N Doz ga lildae illdFumnTugnsalmsdeasaalal fe 16 kHz, 36 kHz une
1 ¥

37.7 kHz TuszuuTnsdwimimnsas 19 32kHz  uasdmSumsdnsvaau 9 veasenn:

14 timangada 200 HladnasIum

o
NAINMTAIIHUATEUUTNINUdY Adesiimsmnuavinayes sWiTamesi

o o as ' EIETR] ¥ Y c!w & .
Hudududeynvesdyginlusrsnamidindeunihiinds  WemuAy gain veq
a oo r'd P dJ 1 Q =S o s :/‘ A W ; v [T o
BUNINTIABT  WINUVUIYH VAU UIWNIAIY AIUUNDATIANI 16 kHz ﬂ?ic]‘]ﬁ'ilﬂm‘ﬂi

o ¥ ad as o &y W - - v v &
Y119 3 19 Feezlvimaanaauazon 16 nlaun v lazle 3 use 4 1m sorelassranils

s - 4 i ] - o 1 7 '
dmiy 440 9zl SN A flar 1 mszd Fawmes Immdudeyanisnini edelsfan
dw 1 d. A‘ 9 o 3 \rl = i
panpumuBdveanIFey  ox hidmiians  dfesninmsaeunwutn  Aniu lefwes

¥
= o Y

& aa 9 o o oo M [ oY o Q)
MC 3418 Fadisvanaed 3 adiulynuszuun ]y dnwsndr aiu MC 3418 Svanaes 440

-7 % =y : L] r=1 =~ J L3
¥usyuuNl dnsngedad o4 dlaiin Tulilazsianléa
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R

Oxgriat Quipui
... Clock 161k

g‘ﬂﬁ 5.6 319497 CVSD encode/decode

MC3qi8

Figurs 20. Slgnal-to—Noise Performance and Freguency Responss*

5048

4-Bit Algorithm

A7 kBis -

1.0 kHz Test Tone

C-Message Weight R

g -3

-24 -12 ¢ 12

INPUT LEVEL {dBmi}
{a) Signal-to-Nolea Performance of
Telephony GQuality Deltamodulalor

CUTPUT LEVEL (dBm)

T T
0 0 d8m input
L =
-11 g8 laput
-10 UL TN
~20 dBm Input
20 -t A
- |
4-B1 Agaritim
~0 377 kBits ‘«\
50 N
-0 [
0 20 40 50 &0 1

INPUT FREQUENCY (sHz)
(b) Frequency Response versus Input Level
{Slope Overload Characterlstic)
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BURNYEN syllabic Tilter 1AUTUNN 255 VBNYAYNAVSINY

MRV AIUIMUUIAVOINTLUTVDY step  15IADIMIANEMEYRY  niudes

sudiinsFudlamed lugih 5.6

R=10k C = 0.1 uF
vo = 1 - K

i CS+1/RC) S+ Wo
10 Wo = 2f

10 = Wo = 2r

f = 1592 Hr

as : o o . u‘/’ J 1
Aty BuRnyeas 92l single pole response UG 300 Hz 04 3 kHz nszuad

9 o ¥ o ) ¢ o = o E =~
ﬂﬂ\iﬂ']iﬂz‘n'ﬂﬂ!ﬂ1ﬂﬂﬂﬂ33ﬂuﬂlﬂilﬂﬂi WU N 0 ﬂﬂ%ﬁi?ﬁrﬂm‘ﬂﬂﬁlﬂﬂﬂ'ﬁ D

i - Yo, cdve
R dt

1 0 dBmo VDI Sine wave VNN 1.0954 V #91TU  nszuandnamsdmsun
0 dBmo ¥®4 1 kHz gnaiiuae Ao

i = L 01U - 935 ma
2{10k) 0.125 mS

Taavilmegaaafianasen ki = L?{_V
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910 1209199904 syllabic filter PAB Vee N7 compand THIRY 25%

1

Rx =025 Voo ¥
0.935 mA

A Vee = 5V, Rx = 1.3k

VHIAUDS step ‘ﬁ&ﬁﬂQﬂ (minimum step size)

] [
=4

a o a -1 o - < g
Wiz imuagaioll dmiuaeeslugil 5.6 AvuuiAvad sep Aaniga
vz lifidyauduynaiaeaves cvsp idlu “17 uaz <0" aduiulianes uazdieurfien
s o = o & A 1 = r v
wnnez [ATugdmumAsudn q  #u5ond1  Idle channel WaHIIBAWN CVSD i
s/ a o e w g ® ad a E 1 =y a
ansodnsHadyuilissdudinvuiaves sep dnfiqald  lumageguds ez
= n’::v - r A oasa L Y 1 AJ ] =S w
windiwesiiilu v ualumaljideziisiianaia (error) 15U step NUuNAza liNaANY
o g . . & . a
ARNNIT NABSDMARTsF e unzHawmeioevuendloaniam (filter opamp off sety  Favirlviifa
¥ ¥
Idle channel Yi4du
MIAIMUAYUIA idle channel HiAI8M5HDNYUIAYOY Rmin ymzh lifidygu
suwn  daumuquanBety hivhawmn:  emynussseunsuaes eeliidu o
» [

3o «0” Aaq AU a1 IFiAa coincidence 101MHN 1A fatiuTiadimefianasen Cs sxlszun
1 =] < A ' B o F ] o ' Y &
0 v age lsfimmTaadimadigrinienss Rs naz Rmin sz IdliTaaimeanasen Cs tha 9

1
- a’ -

le 9 ] o -
Taavimeitvzih IfiRadyanamumdouiie viynueseuiden sinaumianszuadunm

i — VO | VO
R dt

»

v I d
N vo oo q oz ld %O = 0 AU mey VoR dagndanaid

i =cx YO

T = period UBIAYYIMUINM

Yo = peak - to - peak value of idle channel



48

11029933104 5.8 1¥dyanmuin 37.7 kHz

Ir)

. - O0IUF*10mv  _
i o= OIF*l0mv 455
’ 36 5218 hd

» '
AafuTaasiimenson Cs Nnszud 37.7 LA fvualas Rx

I

liRx =Vsmin = 37.7 HA . 1.3 K=4% mV

Tuzifi 5.8 Rs = 60 k zsirlfifalaasioniafusendng Rs, Rmin TasanAsan

Rs 49 mV A4ty

Rs
cc* Rs+ Rmin = Vsmin

3 o A 1 4 ar L
51U 5.7 dlumsiana SN ve9497 B9z IdkaATIANIZAY 0 dBmo UA S/N B2

ANad 6dB 910 0 dBm 1 -30 dBm

s WV lﬂ‘ 1 =4
msdavazniiing 4 vesled

911 analog input

yﬂ -1

; o o o &
lﬂu‘il'lﬂUlﬂﬂiﬂ\iﬂuww%'ﬂﬂﬂu'mﬂﬂ ADUNIINABDT "']Nﬁ'l‘ilxﬂ'ﬂu

q

3 =) 9 .:i' y'z A = ‘; - o 9t ar as = S 9t
BRI TR AR TN N0 l]ﬂ‘l'lﬂ!!ﬂﬂ!ﬂ‘h‘!!ﬁxﬂ‘b’ ‘U'l-lﬂﬂﬂﬂﬂ'lﬂ‘b’\‘i'ﬁl NTCALTUUILITUINATAN

Indusswudnsamoly  adadmdunndideludarznien 1 fuv 10 szgaiunly
oudenaeumIuABI BN IFAY hyseresis @1 HAT gain g4 (szu 70 dB)
971 2 analog feedback
unueudunesaduymvesemienaeunisiaes Tumslfamuii
Fat3a (encode) Milazaeiiy PUIABNIBMNNUBIT THA (encode circuit) MT8 11 7 &
Aft 19957789 WRM (low pass filier) remiwmiuEs TunislFemuilu decoder i hild
awaefiuw 10 wieavvassliime o
Y1 3 syllabic filter
AT syllabic voltage o uife 1 umsasuTnsaviia step
vosduTinaaed wndiu NPN BUNNUB Op-Amp syllabic filter 132n8UA8 RC network i

I~ | 1 é 1
UADITZHINGU Tl uazv 3 ‘b‘ﬂ‘i’f timc constant W31 6 mS - 50 mS
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91 4 gain control input
syllabic filter voltage ‘ﬁﬂﬂﬂgﬂ‘a"ﬂu Cs U84 syllabic filter %Qﬂ!‘ﬂﬁﬂu
o V G . B [ 3 a0 [y a
Aunszumi Ty (drive) 17 4 91 slew rate 0.5 V/S AU ASZHANHIUIU 4 NAD
syllabic filter voltage fIMsde Rx
91 5 Reference input
dy - n’: - = -~ o £ o
11518 uvrneus unes Ad uwnvesd udinnmes nawild ieed
(integrator amplifier) 141Tuszaud19848F (DC reference) voadnyanauewiymIfifudh
WA (encode) V1 ABATITIAUB1IE4 (reference voltage) TEAVRBINUADYT |
U1 6 Filter input
=, d’aw A & - o o
Hunduneiawesduwneeiluenilyldasiuudinsnesiuniein
(integrator network) MEUBNATIHABUNINIAL (lint) 92 Tnadnut 6 TumsdsAHa (encoder)
4 o o v - L .
lﬁﬂﬂu‘lﬂ‘ﬂﬂﬂuﬂ‘ﬂ (U1 DUINNI analog feedback (V12) HIDNT decoder digital data DU
@1 13) il 1 vazlunaseiud aszua tint vz Tvasenainu 6 ileduynnaviy
[ r
ATWTAFINTUSTUUFUNABUNINTEH (single integration) ¢4 RC ABTETHINYT 6 1AZY1 7
91 7 Analog output
o & o o [y M o
Hundudiinsmesioninn  aansaduTnaadiga 600 Teviu  fow
U5 UBIBA (reference) M1 Veor2 dmTunsesnnuududing sullamesiunnedn slew rate
= = I'd o] dvu @l
voansyaemely  Tasduiinsweseeiliend Yszwnw 05vus  wibdmanszuel

lszinm 30 mA

9 8 Vee

Ed
Qs

= W oo Iy oo ' ¥ = :i’ ¥
Toagnoanmunliiam Idiuvassguazunanisme)  viliazee
a o
fin'Idauniansna
Y1 9 Digital output
g s " s 7 o ¢
ilfuvuemmainkaveunadinegmiae’ AeUNITuLINYNIVDS
qw = 1 as -é v Y e N =1 Y qw = = &
W9z A3955MI 1 Vee HU Vee B9a1ansaaaidiiu MOS u5a TLL 18 anilazduiesa 1ie
= as =~ -4 .e'l = as ; o -3 (Y] [ r-y
Foulydfu 1 vazduusududasailemouiuy 2 it @ WYRIULgHUT YUY IMUIWN

A1 14 diefiveuviny dyn WL raise 00% fall time 250 nS UdT 50 LUS
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1 10 Vee/2 output
aa M ' . « q ¥
Y1UI impedance 911 UASV1Y mid-supply reference dwiulFounuy
. o v P=1 4 .
single mwlufwsgamed  unasdwnszua (current source) nazvzdediilnaaie sink
F 1
aszuadl nfiannsonenszualdgege 10 mA
91 11 Coincidence outpul
w ¥ I ¥
aaaa lmAn  (duty cycle)  vaswiiiudadiulasase AuussAun
anasey Cs nivziy low ifledfeglusnTdmand (shift register) iilu ~0” w3n “1” W3
Hllﬂﬂnﬁlﬂu open collector NPN BN LREY pull up register o syllabic filter S anzAnyie
¥ o L' . Y 9 Iy 94 v 1 L T | o
lmineunaud (time constant) M1N1IAT Rp vzdeatiasndl Rs ualundfjiasassmsio
) o o ] " 5
nazAa 192’ N ABUNAUT (time constant) WEANTUINGIL charging constant 7D Rs.Cs YMEN
discharge constant fo (Rs+Cs).Cs
11 12 Digital threshold
dw = né s [ % = o Q4
nifuduwn Fadudufevszaumsads dmfvn 13,14, 15
& L] o o . . as = & oo a0 v v -1
Fevzranlumssumesa (interfacing) sedunetn diedanyledwiiaa q Taslidasdl
o o ] = H L) a a - o
aUnsal sumailayie Undniflevdenuun vee2 dmiy Sueadumeiima nieludade
laTeafineduul Vee dmiuns dwmesia Ay Hiuen
Y1 13 dipital data input
I
yiildunsuwnvesatasaind dmiumsinuseasia daums
9t Qs g g da} a ar _y L J s i 9/ ar
whavees lldil lumsneasdadyguaiaoaszgnileudmnil dwmiudramanaa
dy 19 W o o) T ar ¥ n.”-v z:lydé‘J b oo ELE L
w1ii hildnTervez I lumsdedyanuinms Asdidvuegivn 15 lFauauszduveya
Atmen Buwn esezashieg 0.5 LS AeunnzvAIMIINTZdUYeIT Y IBUIAN)
U1 14 Clock input
dy a [ ar = é J 1 as 1 L3 w 'y
dAundmiuduguuin FYuegiuIni19eIn1saauBya
(data rate) 15 lumsid-neATHa (decode) 197 32 K bitrate Aes1¥dayaauiin 32 kHz
a o @ A e 2 . .
@M 5Y switching threshold gﬂﬁmw‘rﬁl’l 12 & wSuFHTImaDd (shift register) malu
o = ° Y
feAna (toggle) AILULLUIAG (filter edge) VDY clock dmTuaNLNI19vas pulse + FagA
300 nS #3U pulse - 1Y 900 nS
91 15 Encode/Decode
1 [ -1 = o oo
WurimIuauaeTznINeUINENDURNVYBIABNNITIADS  (ADABD

~ o, ¥ o A S 9 s o - =} -
gunnveInpN I IAed) WAUYHIINAS fuilu 1r dyanuewraenduynTeudisy
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fugrveuvasvesdyanan@min 14 dullu <0° dyguateenszgrilisumsuie
msuilasndy
W1 16 Vee

R ,
Huunasteliaes fand 4.77 V63 16.5 V diouny Vee

d‘ v o | s, ooy [~ o
rosldvuFaanaemdaniluaiaea uazddneailuauden
¥y Yad a o <y [TY= 8
minTaren 181935 nsndasdyapuewidenuuiuaieen  Taeldi3n
Yy 9/ = . R < 5 = a4
uﬂqmmﬂmmmﬂammamﬂ waz 1matians Sampling #111) Oversampling Fal¥lotves
r ar q ot é Qs 1 ' s
MC 3418 vealulalsd MudmReudyoa  Fedgyanunldad dudygueuden
4:; 1 a =y Y 9 -ny o ¥ t-‘.i
aawd linu 4 Aladin vazldnsuruildedyanmalonnud 8, 16, 32, 64, 128 uaz 256
= =34 d‘ n‘.’ as 3 as oy :!" ISI]
nladsn  Susrldarudlunisnauilas 16 kHz asiudygnuasneanaanuazlinIingm
= I o =4 =] -3 ¥ oas c;:i o : : o
Uszinm 16 indeiui  wievusdivaudivhmaurulas  vazlumsuynlfadyg
¥ [l
1 aFa eiwnd I8 1 10
fodvasloFieiii Ao Tudufuesminsaldudasdygmaiasaiiuewden
o Y oo E] v € a Y e
f1o ildidanuazainlunsesnuuuiees aazlinnugeenn lumin SHideasidiu
o ] o oy -3 W o o as
manluduveamiutlasewndendludtineanden 15 Tasldussdu 5 Tamidun 15
o o ) a < = @ v s ¥ .
wdrfleudyanmewndendnu 1 dyagpuiilovudiduseiulifivun s Toa uazdeariu
E 1 - 1q 9/ - 1Y [ o o o
msnsesmmaduteuie luldanuigudunniu davuzrassazalnsoiidudagUii 5.8
Twsensusniy  emwndiiluaineassnivt 9 vedled amlurseauilag
o aa s [ g Y% v @
wywadneandutluewifemiunduiulaenmisdevt 15 vealeFans 1 udaeduygna
Sl 14 nazAedynmAsaeasuynidi 13 vedled idygmesniir 7 veeled
a_ o t:i 3 Y -:i.; 0 = 3 4 @ =4
panuwdnihdyanudivn 7 tiulildhaesnsewnnuddwmgnaianin . Hidyymiiviia
q 1 =3 M W A £ A o o
wnRrsveednadaild ossunnelian 13 dadudiaendunwmiv dszuna 3-5

s & o ¥ o = =
Taan Fezsinlimsmlasdyannesnumiiguninanga



52

O

DIGITAL QrP

13 15 | 9
O— 1
ANALOG [/P .
[
12 U3
1P MC3418
+ ?
dciR1E
e.J1uF o 28K
Y

C14 _LE14
@, JuF T 1K

L

o
!

= ar o e
71l 5.8 2eTulasdynuewdeniludiaea

¥
dnuMzMIAn9es uazA1vesgUnsniaa qdu 9 g vngilenisldam

Ad as C4Y Ud’l WY Adgd s o’v:
Fafdugdnraiuda ursduiise]ld ledfilusediu wan 5 Taanmmiu

- 113 [?k
DIGITAL I/P
’ 12 16
c14_l_ R14 5
0.1uF 1K
11
= = ua
MC2418
ANALOG O/P
2 3
c17 R20
B. 1uF 28K
6 4
8 ig

- ar an o
717 5.9 wonasdyanuaineaiiueindan
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UNnn 6

A58 NNUUAZE 319190 5N 1A 1A A/D Converter

. - Sy =
1995 a1 N8H1384

o A it a & iy
1993 AuTian I RE198e a31990 1C MC14060 13D 74HC4060 ¥4 2 w81y
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3

unuiula i 1C - Digital Hi Specd CMOS 14 - Stage Ripple / Carry Binary Counter / Divider

. ] [ Py o o =N
and Oscillator ‘]Nﬂ'lﬂcl‘uﬂ55ﬂaUﬂ’]Ulﬂﬂﬂul’]ﬂﬂﬂai llﬁﬁ']ﬂﬁ]iﬁ‘liiluu‘lﬂu15ﬁ]’]u’J'LI 14 aianN

= o os o -~ ¥ g4
Taonemynidudynums 16 sufedyaums 16384 fvie Tagnasinmaesuny

asameadmiumseaadaniitIuna1ug 4.096 MHz

(B}

a { o nt}
Aygrumsiemun = 2

o o

Tao o = SuduvasinuewiNm Isud Q7 98

Q! =

Fyaunisie i Q7=2"" =256

W 1
e as =4

P ' o A 2 4
Fuludyarumsneniwnnaaziemynaziuded Tassun

Q3 =16 QY = 1.024
Q4 =32 Q10 = 2,04%
Q5 =64 Qll = 4,096
Q6 =128 Ql2 = 3,192
Q7 =256 QI3 = 16,384
Q8 =512

W + E
ar =1 ~ =y A @ oo v o
dwmsulaseuiildasanon noan1md 4,096 MHz AUUSIENTILINDINYN

1 o ar = Py 4 1 a = -
wwaziewiyne lddygrennimaianuinils Tasmsiueinnudvesniaaen YRET RL

Fyanuusananze winn uh Q7 vz Id
ADVDITYIUUIRNIN Q7 = 4.096 MHz / 256 = 16 kHz

as 3 4 @ -~ t d s 'y
dotuez Wanwdvesedgnauninmaazie winm aall

Q31 7) = 256 kHz
Q4(115) = 128 kHz
Q5{(¥14) = 64 kHz
Q6 (vV16) = 32 kHz
Q7 (v114) = 16 kHz
Q8(V113) = & kHz
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+5
12 16
s - 256kHzo
=l 5 —Ll28kHz
) 4 64kHz ~ CLOCK QUT

us
MC14@6@ (| 32kHz

SWi1
14 lﬁHHZO
i3 BkHIQ
— 11 18
R25
1M
IDI
i il
X1
C19 4,0896MHZ cze
18 18

ﬂ'. a ~ d‘ 4/ =
"i“ﬂ‘lfl 6.1 UPAINITINUUARIINNG 1994

Fadayanin wiedynraanuisedeit i Tudagaussdu TTL aue
0 v dwmfuasin "0 vuia 5V dmivasin 1

dmfursesinmesadan  3iegnTinaIsIn MC14060 wie  74HC4060
nlFenmiisuasssveenduma Tagh R25, €19, €20 nazaTaaeaiudiuvasivesilon
ndudygunnemynveann  Waunnveanniimandull 180 8sm R25 flumam
FumudwminTusaldinmiey denlduuia 1 MQ dmfum C19 uaz €20 fdmuald
M C19 Az €20 aynsuAuszdivnaniim IvananhJuausivesnianen Tasniseen

HUIABAAI C19, C20 YUIA 18 pF

1997Aad1Heg@aty (DELTA MODULATION)
Tulassanii 1818 ledd 1S ot lumanlasdyapueundendiufiaen uria
mnﬁma@m‘ﬁ'ﬂ*ﬁ"]a%maf MC 341¥% iusiia CVSD (Continuous Variable Slope Delta

Modulation)
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m3venuvuuazlzgnalFig CVSD

Yagiwed MC 3418 luwiia CvSD mide msesnuuvildsiidesimuanas
BORUUY 7 D AD

1. ﬁmuﬂmmﬁmmﬁmmwmmﬁm (clock rate)

2. WLAYEN shift regisier NADa1F (3 13D 4 bit

3. 1den loop gain

4. fMUAYINA siep TudnTiga

5. panuBURInsFuTawe? wansfer function

6. 89NUUY syllabic filter transfer function

7. 89UUU low pass filter

U IMUWNIHAZYINAYEY shift register
¥ 1 ¥
TuTassauildarmuasdygmuuinn (Clock rate) YUIARWA 8-256 kHz DL

vAYaasHs Smmes 14 4 bit

|
1a9n loop gain
Tursenmaduegiadu Rx ifhudiiimua feedback gain Y84 CVSD A151000 gain
c!y ~ ot o 1 & A'! Pl of d’l @
fiflumisnfiwesfdwaydned anilsvaans codee 10991035 013v83 CVSD  AiMoliuilgs
= o 1 @ A = ; .
lAUATNEITUSU0 delta modulator  Mizduduauduynd1 n1siden loop gain Tedes
E
Yuagn
1. SLAULATAUATITAYBIT Y IUBUNN
. = < o
2. transfer function YyasautnTTuiamed
FUFUN compand sximluszning 5% A3 25% veulaunniu Rx axgn
A d a Aa oA o9 & o 9 o
donaTagns fmuanszuaiisufimamesdesms ¥afezadauunued sep lAamdoans
) o o
ifol@1Mynued syllabic filter WUszu1n4 25% vaIgAgIgAvELIY
MaNILAMWIUVINAVOINTTUAYBS step 15 ABIMIADYMZUBY  (ransfer VI

suiinsvuiames lusild 6.2
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R = 10k C = 0.1uF
Vo = 1 = K
li C(S+1/RC) S+, (1)
110 Mo = 27l
100 = o = 27f
f = 159.2 Hx
ﬁ'@ﬁuﬁuﬁmimafﬂnmaf\ﬂxﬁ single pole response Aaug 300 D4 3 kHz pizuan
kY P a W 4 a T A = o oy A
ﬂ'ENﬂﬁ'ﬂilx‘l"lﬂﬂl’éﬂﬂw"/ﬁjﬂﬂﬂﬂﬂiﬂilﬂﬂi ITWUHIN Oﬂﬂi]ﬂj?]ﬁ'ﬂm*ﬂﬂﬂﬂﬁﬂﬁﬂﬂ
li = Vo + CdVe (2)
R di

1 0 dBmo UP¥ sine wave NN 1.0954

0 dBmo 9849 1 kHz sine wave o

li = LIV + 0.1 uF(l1.1} = (L.935 mA

2(10k} (0.125 mS
Tavimvgagaianasen Ri = L1V
2
' . . o 2 oo .
9111 1381199084 syllabic filler AR Vee 113 compand Taihiu 25%

Rx = (.25 Veex (1/0.935 mA)

Vee =5V, Rx =13k

=5

ar :' ci by ar
AUUNTZHANADINTATHILN

[}
=4
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YU IAUBY step ﬁ!ﬁﬂﬁijﬂ (minimum step size)
winiimesfiesimuagaiell duiuiseaduegayy As M1ATS step i
4 = U = o a4 aa o ar
dnfige vaed lifidyamuym feniwnaseeaves cvsD (du 1 uay 0 aduiuhl
l:i a I's LY A of £ 1 & 1
anpanazNewdonemwne: a7 ammanan q ¥uTendn ldie channel FIHWIBAINT
o1 ar e PP ) A d_ A ¢ =
cvsD ‘himuisa code duanafiszdvdinimunues sep ManAga’ld  Tumamowg
o = :dw ' = gy = ¢ d'J
udrezdimniiwesiidu 0 walumalfiaeziiddanata (eror) 15U step  NUUNAZAY
] o o' o A . o . 3 :
LinaAfu AoUWITUADIDMABTI TN 1AL filter op-amp offset F911HINA idle channet iadu
AMSMUUAYIIA idle channel 111agn1TIAenu1AYeY Rmin vz d huiidyym

]
- 4 =y

Voo a o 1
BUNN TIUN control slope i]zullﬂ‘]'N'lul.'Wi13!611‘11‘!1’!“119@?]?JMT‘Iﬁ"I!ﬁE)ii]%llmﬂu 1 ‘H?EI 0

Qor a

a o a ) o ¥ o o o = 1

Aa 9 Auaui i concidence @MWN 1A Astiulinimananasey Cs selszim ov
¥ o L4 El 1 . = . a et s 3

a3 15 Tansliaavignutisves Rs naz Rmin (010319 6.2) wih i Tasimaanasen Cs

3 & 'd cr o [T o i o = a =1

U "'lf»?jﬂlﬁ‘ﬂlﬁ‘i]u5]31’]']11’7!ﬂﬂﬁiytg'lﬂlﬁn.llﬂﬂflll‘ﬂlﬂ']ﬂﬂﬂmﬂﬂ guUIaaNPINAUNITAISUN

BUNN

i = Vo + CdVo
R dt

4 Y Ny o = v Ay gy
# vo tles 9 1218 datiumen vo/R agnaeiald el

i = CsAve
At
AT = period vaadnaHUIHA

Avo = peak-to-peak value of idle channel

mneeslugiil 6.2 1dyaanin 3.7 kitz

li = 01uFx 10mV = 37.7uA
26.52 uS

aetiuTaaviiavnsen Cs Ainazua 37.7 LA dmualas Rx
li Rx = Vsmin = 37.7 uAx 13K = 49 mV

Tugiii 62 Rs = 60k vzvitldiRaTaniamieiy 524319 Rs, Rmin Tntoz
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ANATON Rs 49 mV A941Y

Ve = Rs = Vsmin
Rs + Rmin 3)

Rmin =61 M

O
DIGITAL O/P

13 |15 |9

O 1

ANALOG I/P 2

12 U3

19 MC324a18

* ?
c14 _Llr14> _LCiS)RIE
B. 1uF T 1K> o1 fo2@K . .
6
8
CLOCK IN

.|]}

314 6.2 T1A4995 CVSD MODULATION
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= |
unn 7
A1500ANLILAZA 31979951393 1UNA D/A Converter

rosudasfyanaddaeaduenden

wvsulasduawaieeaduewndenn16d  exldimleuiunuma A/D
Converter  namABuzld 1C MC 3418 Tagagsiimsulasdoyadynuaiaavuia 4 bit

o o as S (=S A w 2 9 [
anwsrvasdoyamiin 8 - 256 1 launaaiun (kbps) Ihiludyanadeuieszdslildnn

nssanuiidsade’ll Tagaesldaunanadagald 7.1

%
O ‘ O
DIGITAL L/P 113 l“‘ CLOCK 1IN
. 12 16
c14_J_. R14 5
0. 1uF 1¥
| 11 Ma
= = U4
MC3418
aNALOG 0/P
2 3
c17 R20 R¥X
8. 1uF 28K 1.3K
¢ a
3 15
o
UBUIABN

[

=) as oo
11t 7.1 unanaavslasdgauAsasmdl



24950 199A1THDA M

1995 AF0AIAAF U saeennuy TAd el

Yd
Y a
+5
+
V1 —C
O—s Yc — Vo
vin 1 2
-5
Yb

1% 7.2 uaAaI9DsTUYad LOW PASS FILTER

“ﬁ node 1:
V1 (Ya+tYb+YetYd) - Vo{Yd) - Vin (Ya) - 0(Yc)
uax'ﬁ node 2:
0(YetYe)- VI(Ye) -VolYe)
solving

VolYefYe) (Ya+rYb+YetYd) - Vo(Yd)
Vo/Vin = -] YaYe / Ye(YatYb+Yc+Yd) +YceYd ]
TRANSFER FUNCTION 92 1d@qi

Vo/Vin = ( AoWo) /(8" +{Wo/Q) S+ Wo')

60

=0

=0 (2

= VinYa
&)

(4)
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U9 7.3 HAAI99T NTOIAITURG Y
a = &g as
nnghinuRsudasudsauns
Ya=1/Rl  Yb=SCl Ye =1/R2  Yd=1/R3  Ye=5C,

Vo/Vm -YaYe / | Ye(Ya+Yb+Ye+Yd)+ YeYd]

= -1/RIR2

S'CIC248(C2/ R14C2/ R2+C2/ R3IM1 /RIR2

= -1/ RIR2CIC2

S4S(C2 7 R1+C2 / R24C2 / R3)(1 / C1C2)+1 / R2R3CIC2
Wo' =  1/R2R3CIC2

Wo = \11 { R2ZR3ICIC2 (5)
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»
uazINANNAURUT fe = wel2T0 Hazaunis (5) AN

o & . F
AUNITIAAANIIND (cut oft frequency) 14de

{ = (1/ 27:)(\/1 f R2R3C1C2)
i R2=10k R3 =20k Cl=00luF C2=820pF
fc = 3.9kHz

XU Cutl off 91 3.9 kHz lummianida lUaIsesniyy LOW PASS
< S ‘ 2 g ad
FILTER  Cut off MAawadnatiiszanm 25 kHz ez igammveadsediu

ar - = o i 1
aunsodleatu@easuniuiinammga 1 Tdani

14995 AUDIO AMPLIFIER
A Ay g g gy A Ao g e o
aqesveneaeat g lulaseiuil 16 led LM3g6 Nilfiadvu1a 1 308 NIAvew
= :::y o :‘ = % B I 1 T i 1 a o
stz wemwnivneuendagaueddya e ”lwnmmganauﬂmqa’]au"lﬂmaﬂm

= LI
vsunodos naas1idagy 7.4

c27
1ufF
+
+12
[

! 8 c 2 + £29
c26 | e.e1u 188UF
1uF 2 oy 7 |

O +ﬂ 14 Lm3se = =
1/P +
4 5 sp
R31 c21
YR2 ta < 1@0uF
18K
cle
0. IUFI
L = =L

511 7.4 192993 AUDIO AMPLIFIER
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UNN 8

A1INAAIUDZHANTTINAAD

nsnaned IdiinmnanesiadyIua1Hgaa 19 9 aanaadly  Block diagram

Aegin 8.1

SIGNAL AUDIO . .
LPF A A LFF \MP

GEN AMP ! '
®

719 8.1 Block diagram utaaans Iaduyninaugaae 9

MINAaDs
1. SetClock 1 8. 16, 32, 64, 128 tiaz 256 kHz aud Wiy iadygmuige

A Tagsinsileudana Sine wave 310 Signal Generator 121D 1 kHz Tas CH1 Iadg
Analog VPTagTafiut 1 184 IC 1085 MC3418 uaz CH2 Jadyaiudina A (Tadyg i Digial

o d 4 v (&
o) TagTadivn 9 ¥a4 IC 1B MC3418 FiHANINANBIUARIAITLN 8.2



3

1

VOLTS/DIV 2 v/, TIMEDIY 0.5 mSEC/DIV

111 8.2 uamsmamsifoudoea Analog to Digital Taolfarwdlunisuann)as 8 kiz

VOLTS/DIV 2 V/DIV, TIME/DIV 0.5 mSEC/DIV

y u 3
#5.3 uaaawamanfasudaeyin Analog to Digitat Tasldanutiiunisususlae 16 kiz
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VOLTS/DIV 2 V/DIV, TIMEDIV 0.5 mSEC/DIV

U9 5.4 neasmamsinlfeudynns Analog to Di et Toeldmadiumanmilae 32 kiz
Er Y %3 )

VOLTS/DIV 2 VDIV, TIME/DIV 0.5 mSEC/DIV

P o a4 . e - @ i af
5117 8.5 uaswansidAnudamOn Analog to Digital Taolda i lunisurulte 64 kbz

o
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VOLTS/DIV 2 WINV, TIME/DIV 0.5 mSEC/DIV

71 8.6 uraswamsiReudnnIu Analog o Digital T@_E}“l%ﬂ‘ﬂn}?i“’iuﬂmmm}ﬁa 128 kHz

VOLTS/DIV 2 VDIV, TIME/DIV 6.5 mSEC/DIV

f - - ; e
51l 8.7 uamannmalfeudyn o Analog to Digital I ldn 1w lunisiauilag 256 kHz




&7

PINNINAABIVEWU T FYY R Analog TIdNE Amplitude A m3oganu ez
i lddamna Digital 7118 lidesny

2. Set Clock 11T 8, 16, 32, 64, 128 1nz 256 kHz awdey dimsiadynaig
B Taviinsdlaudann Sine wave 910 Signal Generator AW 1 kHz Iy CHI Tndyayo

Digital 1P IeuTafier o 484 1C 1wed MCII8 tny CH2 Sadygnaies B (adyanm

w T L d? . oo Lﬁ s Lﬁ
Anatog O/F) Tawdaf O/ wadiTng Tamamisnemowiansiagali 8.3
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Continuously Variable Slope
Delta Modulator/Demodulator

Providing a simplified approach to digita! speech encoding/decoding, the
MC3418 CVYSD is designed for military secure communication and
commercial telephone applications. A single IC provides both encoding and

decoding functions.
& Encode and Decode Functions on the Same Chip with a Digital Input
for Selection

& Utilization of Compatible PL — Linear Bipalar Technology
e CMOS Compatible Digital Cutput

® Digital Input Threshold Selectable (Vc/2 Reference Provided On—Chip)

e MC3418 has a 4-Bit Algorithm {Commercial Telephone)

Representative Block Diagram

(+)

Encode/Decode C!gck
s 14
Analog 1
Input ’ -
Anaiog
Feedoack © | LF
Digtat 13 ~
Data Input & | T ot s
+ . . )
Dighal 12 715“‘“_”‘59'5?’1 :
Threshold ‘;TH Q Q1 QiQ T-?. ? ;
Logic 11 Coincidence
. Output
Dlgﬁalcrg u
Output
Vo2 101 | voo Integrator Converter
o1& i —>{ Siope Syllabic Filter
Output Ref Amplifier p
clarity N ‘
- : @ Gain Contral
Switch -« lge
’Ol \ Tl]m
?6 5(’: og
Analog Ref Filter
Output  Input  Input

)

This device contains 144 aclive transistors.

Order this document by MC3418/D

MC3418

‘7 CONTINUOUSLY VARIABLE
SLOPE DELTA
MODULATOR/DEMODULATOR

LASER-TRIMMED IC

SEMICONDUCTOR
TECHNICAL DATA

?n’

P SUFFIX
PLASTIC PACKAGE
CASE 648

*

DW SUFFIX
PLASTIC PACKAGE
CASE 751G
(SC-16L)

PIN CONNECTIONS

—_
Analog Input EW a 116] Voo
Analog Feedback II E Encode/Decode

Syliabic Fiter [3 | [14] Giock

Gain Control E 1—_3| Digitat Data Input (-)
Ref Input {+) [ 5 | 12] Digital Threshold

Filter Input (=) E E Coincidence Output
Analeg Output E T_O] Vo2 Output
vee (8] 9 | Digital Output

(Top View)

ORDERING INFORMATION

Operating
Device |Temperature Range Package
MC3418DW S0-16L
Tp =0°t0 +70°C
MC3418P Plastic DIP

MOTOROLA ANALOG IC DEVICE DATA

© Matarola, Inc. 1996



MC3418

MAXIMUM RATINGS (Al voltages referenced to VEE, Ta = 25°C,
untess otherwise nated.}

Rating Symbol Value Unit
Power Supply Voitage Vee —0.41to +18 Vde
Differential Analog Input Voltage ViD 5.0 Vdc
Digital Threshold Voltage VTH -04to Voo Vdc
Logic Input Voltage VLogic Vde

Clock, Digital Data, Encode/Decode —04to+18

Coincidence Cutput Voltage Vo(con) ~0.4 1o +18 Vdc
Syllabic Filter Input Voltage Visyh -0.4to Voo Vde
Gain Centrel Input Voltage VI(GC) —0.4ta Voo Vdc
Reference Input Voltage Vi(reh Veo/2-1.0to Voo Vde
Vo2 Cutput Current lref -25 mA

NQTE: ESD data available upon request.

ELECTRICAL CHARACTERISTICS (Vo =12V, VEg = Gnd, T4 = 0 to 70°C, unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit
Power Supply Voltage Range (Figure 1} VceR 475 12 16.5 Vde
Power Suppiy Current (Figure 1) Icc mA
@ Idie Channel
Voo =50V - 3.7 55
Voo =15V - 6.0 1
Gain Control Current Range (Figure 2) IgcR 0.002 - 3.0 mA
Analog Comparator Input Range (Pins 1 and 2) V) 1.3 - Vee-1.3 Vdc
475V<VCC <185V
Analog Output Range (Pin 7} Vo 1.3 - Veg-1.3 Vdc
475 VeVoe£16.5 VY, lp=150mA
Input Bias Currents {Figure 3) 1= wA
Comparator in Active Region
Analog Input (1) - 0.25 1.0
Analog Feedback (12) - 0.25 1.0
Syllabic Filter Input (13} - 0.06 0.3
Reference Input (15) - —0.06 -0.3
Input Offset Current o HA

Comparator in Active Region
Analog Input/Analog Feedback

(11 = 12| (Figure 3) - 0.05 0.4
Analog Input/Analog Feedback
|15 - 16} (Figure 4) - 0.01 0.1
Input Offset Voltage Vio - 2.0 6.0 mv
V/l Converter (Pins 3 and 4} (Figure 3)
Transconductance gm mA/mY
V/ Converter, 0 to 3.0 mA 0.1 0.3 -
Integrator Amplifier, 0 to 5.0 mA Load 1.0 10 -
Propagation Delay Times (Note 1} us
Clock Trigger to Digital Qutput tpLH - 1.0 2.5
CL=25pFtoGnd tPHL - 0.8 25
Clock Trigger to Coincidence Output tPLH - 1.0 3.0
Cy =25 pFtoGnd, A =4.0kilto Ve tPHL - 0.8 20
Coaincidence Output Voltage — Low Logic Stage VoL(Con) - 0.12 0.25 Vdc

loL{Con} = 3.0 mA

NQTES: 1. All propagalion delay times measured 50% 1o 50% from the nagative gaing {fraom V . to +0.4 V) adge of the clock.

2, Dynamic totaf loop offsat {LVaffsat} equals VIO {comparatar) {Figura 3) minus VIOX (Figura 5}. The input of{sat vollages of the
analog comparator and of the integrator amplifier includs the ef fects of input offset current through tha input resistors. The slopa
polarity switch current mismateh appears as an average voltage acrass the 10 k integrator rasislor. The clock freguency is
32 kHz. ldle channel performance is guarantesd if this dynamic totai loop of Iset is lass than ane—half of Ihe change in integrator
oulput voltage during ane clock cycle (ramp step size). Laser trimming is used to ensure good idie channa! perfarmanca.

2 MOTOROLA ANALOG IC DEVICE DATA
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ELECTRICAL CHARACTERISTICS (continued) (Vog = 12 V, VEE = Gnd, Ta = 0 1o 70°C, unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit
Coincidence Output Leakage Current — High Logic State |OH(Con) - 0.01 0.5 LA
VOH = 15V, 0°C = TA = 70°C
Applied Digital Threshold Voltage Range (Pin 12) VTH 1.2 - Voo -2.0 Vde
Digital Threshold Input Current lith) pA
12VeVihsVeg-20V
V| Applied to Pins 13, 14 and 15 - - 5.0
V|H Applied to Pins 13, 14 and 15 - =10 -50
Maximum Integrator Amplifier Output Current o 15.0 - - mA
V2 Generator Maximum Gutput Current (Source Only) Iref 10 - - mA
Voer2 Generator Output Impedance (0 to —10 mA} 2ref - 3.0 6.0 Q
Vor/2 Generator Tolerance (475 V£Voo 5 16.5 Vi £r - - 3.5 %
Legic input Voltage {Pins 13, 14 and 15) Vde
Low Logic State ViL VEE - Vip — 0.4
High Logic State VIH Vin + 0.4 - 18
Dynamic Total Loop Offset Voltage (Mote 2) (Figures 3, 4 and 5) IVofiset my
lgc =12pA, Voo =12V
Ta =25°C - .5 13.0
0°C<Tp <+70°C - =0.75 3.8
lgG =12 pA, Voo =5.0 \Y
Ta =25C - 3.5
0°C £ Ta £ + 70°C - T 4.3
Digital Output Voltage Vde
loL =3.6 mA VoL - 01 0.4
loH = ~0.35 mA VOH Voo ~-1.0jVeg-0.2 -
Syllabic Filter Applied Voltage (Pin 3) {Figure 2) Vi(syl) az - Ve Vde
Integrating Current (Figure 2) Mint |
Igc = 12 pA 8.0 10 12 A
GG =1.5mA 1.42 1.5 1.58 mA
lgc = 3.0 mA 2.75 3.0 3.25 mA
Dynamic Integrating Current Match (Figure 6} VO(Ave) - 1100 +280 my
lgc=1.5mA
Input Current — High Logic State (V4 = 18 V) lH BA
Digital Data Input - - 50
Ciock Input - - 5.0
Encode/Decode Input - - 5.0
Input Current — Low Logic State (V= 0V} L WA
Digital Data Input -10 - -
Clock Input —-360 - -
Encode/Decode Input ~36 - -
Clock Input, Vi = 0.4 V =72 - -

NOTES: 1. All propagation delay times measured 50% to 50% from the negative going (from V o lo +0.4 V) edge of the clock.

2. Dynamic total loop offset (EVofset} equals VIO {comparatar) {Figure 3y minus VIOX (Figure 5). The input of fset voltages of the
analog comparator and of the integrator amplifier include the ef tects of input offset current through the input resistors. Tha slope
potarity switch current mismatch appears as an averags voltage across the 10 % integrator resistar . The clock frequency is
32 kHz. Idle channel performance is guarantged if this dynamic total joop of fset is less than one-half of the change in inlegrator
autput veltage during ane clock cycle (ramp step size). Laser imming is used to ensure good idle channel parformance.

DEFINITION AND FUNCTION OF PINS

Pin T — Analog Input

This is the analog comparalor 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 a bias resistor between
Pins 1 and 10 is used. The rasistor Is used to establish the
reference as the new dc average of the ac coupled signal.
The analog comparator was designed for low hysteresis
{typically less than 0.1 mV) and high gain (typically 70 dB}.

Pin 2 — Analog Feedback

This is the noninverling Input to the analog signal
comparator. In an encoder application it should be connected
to the analog output of the encoder circuit. This may be Pin 7
or a low pass filter output connected to Pin 7. In a decode
circult Pin 2 is not used and may betied to Vgg/2 at Pin 10 or
ground.

The analog input comparator has bias currents of 1.0 pA
max, thus the driving impedancaes at Pins 1 and 2 should be

MOTOROLA ANALOG IC DEVICE DATA
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equal to avoid disturbing the idle channel characteristics of
the encoder.

Pin 3 — Syllabic Filter

This is the point at which the syllabic filter voltage is
returned to the IC in order to control the integrator step size.
Itis an NPN input to an op amp. The syllabic filter consists of
an RC network between Pins 11 and 3. Typical time constant
values of 6.0 to 50 ms are used in voice codecs.

Pin 4 — Gain Control Input

The syllabic filter voltage appears across Cg of the syllabic
fiiter and is the voltage between Voo and Pin 3. The active
voltage to current (V ~ 1) converter drives Pin 4 to the same
voltage at a slew rate of typically 0.5 Vits. Thus the current
injected into Pin 4 (Igc) is the syliabic filter voltage divided by
the Ry resistance. Figure 7 shows the relationship between
iac (x~axis) and the integrating current, ||t (y—axis). The
discrepancy, which is most significant at very low currenits, 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 lcop gain of the codec, but should be no
larger than 5.0 kK to maintain stability.

Pin b — Reference Input

This pinis the noninverting input of the integratoramplifier.
It is used to reference the dc level of the cutput signal. In an
encoder circuit it must reference the same vollage as Fin 1
and is tied to Pin 10.

Pin 6 — Filter Input

Thisinverting op ampinput isused to connectthe integrator
exiernal components. The integrating current {iny) flows into
Pin & when the analog input (Pin 1) is high with respect to the
analogfeedback (Pin 2) in the encode mode or when the digital
data input (Pin 13)is highin the decode mode. For the opposite
states, l|ntflows cut of Pin 6. Single integration systems require
a capacitor and resistor between Pins 6 and 7. Mullipole
configurations will have different circuitry. The resistance
between Pins 6 and 7 should always be between 8.0 K2 and
13 k{2 to maintain goed idle channel characteristics.

Pin 7 — Analog Output

This is the integrator op amp output, Itis capahble of driving
a 600 Q load referenced to Vo/2 to +6.0 dBm and can
otherwise be treated as an op amp cutput, Pins 5, 6 and 7
provide full access to the integrator cp amp for designing
integration filter networks. The slew rate of the internally
compensalted integrator op amp is typically 0.5 Vjis. Pin 7
output is current limited for both polarities of current flow at
typically 30 mA.

Pin 8 — VEE

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 delta
modulator’s conversion. It swings between Vo and VEg and
is CMOS or TTL compatible. Pin 9 is inverting with respect to
Pin 1 and noninverting with respect to Pin 2. It is clocked on
the falling edge of Pin 14. The typical 10% to 90% rise and fall
times ara 250 ns and 50 ns respectively for Voo =12 V and
CL=25pF 1o ground.

Pin 10 — V¢ f2 Output
An internal low impedance mid-supply referance is
provided for use in single supply applications. The internal

requlator is a current source and must be loaded with a
resistor to ensure its sinking capability If a +6.0 dBmo signal
is expected across a 600 Q input bias resistor, then Pin 10
must sink 2.2 V/B00 £ = 3.66 mA. This is possible only if
Pin 10 sources 3.66 mA into a resistor normally and will
source the difference under peak load. The reference load
resistor is chosen accordingly. A 0.1 uF bypass capacitor
from Pin 10 to VEg is also recommended. The Vo2
reference is capable of sourcing 10 mA and can be used as
a reference elsewhere in the system circuitry.

Pin 11 — Coincidence Output

The duty cycle of this pin is proportional to the voltage
across Cg. The coincidence output will be low whenever the
content of the internal shift register is all 1s or all 0s. The
MC3418 contains a 4-bit register Pin 11 is an open collector
NPN device and requires a pull-up resistor If the syllabic
filter is to have equal charge and discharge time constants,
the value of Rp should be much less than Rg. In systems
requiring different charge and discharge constants, the
charging constant is RgCg while the decay constantis (Rg +
Rp)Cg. Thus longer decays are easily achievable. The NPN
device should not be required to sink more than 3.0 mA in
any configuration. The typical 10% to 90% rise and fall times
are 200 ns and 100 ns respectively for B = 4.0 kQ to 12 V
and C_ = 25 pF to ground.

Pin 12 — Digital Threshold

This input sets the switching threshold for Pins 13, 14 and
15. It is intended te aid in interfacing diferent logic families
without external parts. Often it is connected to the Vo2
reference for CMOS interface or can be biased two dicde
drops above VEg for TTL interface.

Pin 13 — Digital Data Input

In a decode application, the digital data stream is applied
to Pin 13. In an encoder it may be unused or may be used to
transmit signaling message under the control of Pin 15. Itis
an inverting input with respect to Pin 9. When Pins 8 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 maintained for 0.5 us hefore and after the
clock trigger for proper clocking.

Pin 14 — Clock Input

The clock input determines the data rate of the codec
circuit. A 32 X bit rate requires a 32 kHzclock. The switching
threshold of the clock input is set by Pin 12. The shift register
circuit toggles on the falling edge of the clock input. The
minimum high time for the clock input is 300 ns and minimum
fow time is 900 ns.

Pin 15 — Encode/Decade

This pin controls the connection of the analog input
comparater and the digital input comparator to the internal
shift register. If high, the resuit of the analog comparison will
be clocked into the registeron the falling edge at Pin 14. If low,
the digital input state will be entered. This allows use of the IC
as an encoder/decoder or simplex codec without external
parts. Furthermore, it allows non-voice patterns to be forced
onto the transmission line through Pin 13 in an encoder.

Pin 16 — Vg
The powsr supply range is from 4.75 to 16.5 V between
Pin Voo and VEE.
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Figure 1. Power Supply Current
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Figure 5. V/l Converter Offset Voltage,
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Figure 6. Dynamic Integrating Current Match
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TYPICAL PERFORMANCE CURVES

Figure 7. Typical it versus Igc (Mean 12 o)
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Figure 11. Block Diagram of the CVSD Encoder
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Figure 13. Block Diagram of the CVSD Decoder
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CIRCUIT DESCRIPTION

The continugusly variable slope delta moduiator (GVSD)
is a simple alternative to more complex conventional
conversion techniques in systems requiring digital
communication of analog signals. The human voice is
analog, but digital transmission of any signal over great
distance is attractive. Signal/noise ratios do not vary with
distance in digital transmission and muliplexing, switching
and repeating hardware is more economical and easier to
design. However, instrumentation A to D converters do not
meet the communications requirements, The CYSD Ato Dis
well suited to the requirements of digital communications and
is an economically efficient means of digitizing analog inputs
for transmission.

The Delta Modulator

The innermost control loop of a CVSD converter is a
simple delta modulator. A block diagram CVSD Encoder is
shown in Figure 11. A delta modulator consists of a

comparator in the forward path and an integrator in the '

feedback path of a simple control loop. The inputs to the
comparator are the input analog signal and the integrator
output. The comparator output reflects the sign of the
difference between the input voltage and the integrator
output. That sign bit is the digital output and also controls the
direction of ramp in the integrator. The comparalor is
normally clocked so as to produce a synchronous and
band-limited digital bit stream.

if the clocked serial bit stream is transmitted, received,
and delivered to a similar integrator at a remote point, the
remote integrator output is a copy of the transmitting control
loop integrator output. To the extent that the integrator at the
transmitting locations tracks the input signal, the remote
receiver reproduces the input signal. Low pass filtering at
the receiver output will eliminate most of the quantizing
noise, if the clock rate of the bit stream is an octave or more
above the bandwidth of the input signal. Voice bandwidth is
4.0 kHz and clock rates from 8.0 k and up are possible.
Thus the delta modulator digitizes and transmits the analog
input to a remote receiver. The serial, unframed nature of
the data is ideal for communications networks, With no
input at the transmitter, a continuous one zero alternation is
transmitted. If the two integrators are made leaky, then
during any loss of contact the receiver output decays to
zero 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 modulator
waveforms while Figure 13 shows the corresponding CVSD
decoder block diagram.

The Companding Algorithm

The fundamental advantages of the deltamodulator are its
simplicity and the serial format of its output. Its limitations are
its ability to accurately convert the input within a limited digita!

bit rate. The analog input must be band limited and amplitude
limited. The frequency limitations are governed by the
nyquist rate while the amplitude capabilities are set by the
gain of the integrator.

The frequency limits are bounded on the upper end, that
is, for any input bandwidth there exists a clock frequency
larger than that bandwidth which will transmit 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.
Unfortunately, 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 modulator’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 4-bits
long. The accepted GVSD algorithm simply monitors the
contents of the shift register and indicates if it contains all 1s
or 0s. This condition is calied coincidence. 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 filter controls the integrator gain
through a pulse amplitude modulator whose other input is the
sign bit or up/down control.

The simplicity of the all 1s, all Os algorithm should not be
taken lightly. Many other control algorithms 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 of 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
oparates only on the past serial data, it changesthe nature of
the bit stream without changing the channel bit rate.

The effect of the algorithm is to compand the input signal.
If a CVSD encoder is played into a basic delta modulator, the
output of the delta modulator will reflectthe shape of the input
signal but all of the output will be at an equal level. Thus the
algorithm at the output is needed to restore the level
variations. The bit stream in the channel is as if it were from
a standard delta modulator with a constant level input.

The delta modulator encoder with the CVSD algorithm
provides an efficient method for digitizing a voice input ina
manner which is especially convenient for digital
communications requirements.

MOTOROLA ANALOG IC DEVICE DATA
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APPLICATIONS INFORMATION

CVSD DESIGN CONSIDERATIONS

A simple CVSD encoder using the MC3418 is shown in
Figure 14. This IC is a general purpose CVSD building block
which allows the system designer to tailor the encoder's
transmission characteristics to the application. Thus, the
achievable transmission capabilities are constrained by the
fundamental limitations of delta modulation and the design of
encoder parameters. The performance is not dictated by the
internal configuration of the MC3418. There are seven
design considerations involved in designing these basic
CVSD building blocks into a specific codec application, and
they are as follows:

Selection of clock rate

Required number of shift register bits
Selection of loop gain

Selection of minimum step size

Design of integration filter transfer function
. Design of syllabic filter transfer function

. Design of low pass filter at the receiver

Ne ok

The circuit in Figure 14 is the most basic CVSD circuit
possible. For many applications in secure radic or other
intelligible voice channel requirements, it is entirely suficient.
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.

Layout Considerations

Care should be exercised to isolate all digital signal paths
(Pins 9, 11, 13 and 14) from analog signal paths (Pins 1 to 7
and 10} in order to achieve proper idle channel performance.

Clock Rate

With minor modifications, the circuit in Figure 14 may be
operated anywhere from 9.6 to 64 kHz clock rates. Obviously
the higher the clock rate the higher the S/N performance. The
circuit in Figure 14 typically produces the S/N performance
shown in Figure 16. The selection of clock rate is usually
dictated by the bandwidth of the transmission medium. Voice
bandwidth 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 kHz and
commercial telephone performance can be achieved at
32 k bits and abave. Other codecs may use bit rates up to
200 k bits/sec.

Shift Register Length {Algorithm)

The MC3418 has a 4-bit algorithm well suited for 32 kHz
and higher clock rates. Since the algorithm records a fixed
past history of the input signal, a longer shift register is
required to obtain the same internal history. At 16 kHz and
below, the 4-bit algorithm will produce a slightly wider
dynamic range at the expense of level change response.
Basically the MC3418 is intended for high performance, high
bit rate systems.

10

MOTOROLA ANALOG !C DEVICE DATA



MC3418

Bl
aiels P

oIuog

UEo ¢

nding

30UBPIUIOD ||

inding

w1l 0g

t

induy
Ll

§ o0l _ m
J
N

nding
210

Lulo

PR

nding

© Bajeuy

apesag

=)

O
L

7,
7

7

332013
4]

nE!

reubid

I
I
g

iom@v ﬁom@v

fﬂ—*»—w‘

bl

o Plousang
Ziruia

ndu; e1zQ

AN

hl
@m

5
X Bojeuy

.|

JnewWayIs NVIID QSAD ‘5L anbiy

Q

g —_E_m_n_

Heqpaad
z Bofeuy

1"

MOTOROLA ANALOG IC DEVICE DATA



MC3418

Figure 16. Signal-lo—Noise Performance with
Single Integration, Single—~Pole and
Companding at 16 k Bits (Typical)
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Selection of Loop Gain

The gain of the circuit in Figure 14 is set by resistor Ry. By
must be selected to provide the proper integrator step size for
high lavel signals such that the companding ratio does not
exceed about 25%. The companding ratic is the active low
duty cyele of the coincidence output on Pin 11 of the codec
circuit. Thus the system gain is dependent on:

1. The maximum level and frequency of the input signal.

2. The transfer function of the integration filter.

For voice codecs the typical input signal is taken to be a
sine wave at 1.0 kHz of 0 dBmo level. in practice, the useful
dynamic range extends about 6.0 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 of 160Hz is used.

A1 =10k, Ci =01 pF

Vo _ LK
I 1 St+tw
I _1. (o]
C(S+HC)
mo=2r:f
103 = wy =2 of
f = 159.2 Hz

Note that the integration filter produces a single—pole
response from 300 to 3.0 kHz. The current required to move
the integrator output a specific voltage from zero is simply:

Y dv
- 0 _0
Ii_R1+(C1xdt)

Now a 0 dBmo sine wave has a peak value of 1.0954 V. In
1/8 of a cycle of a sine wave centerad around the zero
crossing, the sine wave changes by approximately its peak
value. The CVSD step should trace that change. The
required current for a 0 dBm 1.0 kHz sine wave is:

__ 11V 01 uF{(11) _
= 2 (okay T 0izsms - O9BMA

* The maximum voltage across A1 when maximum slew is
required is:
1.1V
2
Now the voltage range of the syllabic filter is the power
supply voltage, thus:

_ 1
Rx = 025 (VCC) 0.935 mA
A similar procedure can be followed to establish the proper
gain for any input level and integration filter type.

Minimum Step Size

The final parameter to be selected for the simple codec in
Figure 14 is idle channel step size. With no input signal,the
digital output becomes a one-zero alternating pattern and
the analog output becomes a small triangle wave.
Mismatches of internal currents and offsets limit the minimum
step size which will produce a perfect idle channel pattern.
The MC3418 is tested to ensure that a 20 mVpp minimurn
step size at 16 kHz will attain a proper idle channel. The idle
channel step size must be twice the specified total loop ofset
if a one—zero idle patlern is desired. in some applicationsa
much smaller minimum step size {e.g., 0.1 mV} can produce
quiet performance without providing a 1 — 0 pattern.

To set the idle channel step size, thevalue of Rmin must be
selected. With no input signal, the slope control algotithm is
inaclive. A long series of ones or zeros never occurs. Thus,
the voltage across the syllabic filter capacitor {Cg) would
decay to zero. However, the voltage divider of Rg and Rin
{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:

Rl
I R1 dt

For values of Vo near Vo /2 the Vo/R term is negligible;

thus:

AVO

AT
where AT is the clock period and AVQ is the desired
peak—to—peak value of the idle output. For a 16 k bit system
using the circuit in Figure 14:

Ii=CS

_01pF20mV _
y 625 us 33 pA

The voltage on Cg which produces a 33 pA current is
determined by the value of By.
LRy = Vgmin; for 33 pA, Vgmin = 41.6 mv

in Figure 14 Rg is 18 k. That selection is discussed with
the syllabic filter considerations. The voltage divider of Rg
and Rmijn must praduce an cutput of 41.6 mV.
V.. _Ns
ce HS + Rmin
Having established these four parameters — clock rate,
number of shift register bits, loop gain, and minimum step
size — the encoder circuit in Figure 14 will function at near
optimum performance for input levels around 0 dBm.

= Vsmin Hmin= 24 MQ
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INCREASING CVSD PERFORMANCE

Integration Filter Design

The circuit in Figure 14 uses a single—pole integration
network formed with a 0.1 uF capacitor and a 10 k2 resistor.
It is possible to improve the performance of the circuit in
Figure 14 by 1.0 or 2.0 dB by using a two—pole integration
network. The improved circuit is shown in Figure 17.

The first pole is still placed below 300 Hz to provide the 1/S
voice content curve and asecond pole is placed somewhere
above the 1.0 kHz frequency. For telephony circuits, the
second pole can be placed above 1.8 kHz to exceed the
1633 touchtone frequency. In other communication systems,
values as low as 1.0 kHz may be selected. In general, the
lower in frequency the second pole is placed, the greater the
noise improvement. Then, to ensure the encoder loop
stability, a zero is added to keep the phase shift less than
180°. This zero should be ptaced slightly above the low—pass
output filter break frequency so as not to reduce the
effectiveness of the second pole. A network of 235 Hz,
2.0 kHz, and 5.2 kHz is typical for telephone applications
while 160 Hz, 1.2 kHz, and 2.8 kHz might be used in voice
only channels. {Voice only channels can use an output
low—pass filter which breaks at about 2.5 kHz.) The two—pole
network in Figure 17 has a transfer function of:

H
ROFH(S + W)

1 1
R2C2(R0 + R1) (S + (HO+R1)C1)S + (HZC2)

Figure 17. Improved Fiiter Configuration

Analog R2 7

MC3418

R1 g0 © 0

—

13k

NOTE: Thesa component values are for the telephons channel
circuit poles described in the text. The R2, C2 product can
be pravided with different values of A and C, A2 should be
chosen to ba equal to the termination resistor on Pin 1.

Thus the two poles and the zero can be selected arbitrarily
as long as the zero is at a higher frequency than the first pole.
The values in Figure 17 represent one implementation of the
telephony filter requirement.

The selection of the two—pole filter network aflects the
selection of the loop gain value and the minimum step size
resistor. The required integrator current for a given change in
voltage now becomes:

V AV

_Vo , /Rec2 | RiCi AVy
'i“ﬂo+(no *“Ro +C1) ATt
AV, 2
ricirece \ Yo
(chzm + HICIH ) R

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 k{2 and 0.33 pF. This produces a 6.0 ms time
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 determine the companding
ratio and the S/N performance. The companding ratio is
defined as the voltage across Cg/VeC.

The S/N performance may be improved by modifying the
voltage to current transformation produced by Ry. If different
portions of the total Ry are shunted by diodes, the integrator
current can be other than (Voo —~ Vg)/Ry. These breakpoint
curves must be designed experimentally 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 a signal level and adjust the current until the
S/N performance is optimum. Then record the syllabic filter
voltage 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 compiex 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 18.

Figure 18. Resistor-Diode Networks

R1 R2 A3
01 bz D3

R1 A2

0

if the performance of more complex diode networks is
desired, the circuit in Figure 19 should be used. It simulates
the companding characteristics of nonlinear Ry elements ina
different manner.

Qutput Low Pass Filter

A low passfilter is required at the receiving circuit output to
sliminate quantizing noise. In general, the lower the bit rale,
the better the filter must be. The filter in Figure 21 provides
excellent performance for 12 to 40 kHz systems.

MOTOROLA ANALOG IC DEVICE DATA
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TELEPHONE CARRIER QUALITY CODEC

Two specifications of the integrated circuit are specifically
intended to meet the performance requirements of
commercial telephone systems. First, slope polarity switch
current matching is laser rimmed to guarantee proper idle
channel performance with 5.0 mV minimum step size and a
typical 1.0% current match from 15 pA to 3.0 mA. Thus a 300
1o 1 range of step size variation is possible. Second, the
MC3418 provides the 4-bit algorithm currently used in
subscriber joop telephone systems. With these specifications
and the circuit of Figure 19, a telephone quality codec can be
mass produced.

The circuit in Figure 19 provides a 30 dB S/Nc ratio over
50 dB of dynamic range for a 1.0 kHz test tone at a 37.7 k
bit rate. At 37.7 k bits, 40 voice channels may be
multiplexed on a standard 1.544 MB T1 facility. This codec
has also been tested for 10—7 error rates with asynchronous
and synchroncus 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.

The Active Companding Network

The unique feature of the codec in Figure 19 is the step
size control circuit which uses a companding ratio reference,
the present step size, and the present syllabic filter output to
establish the optimum companding ratics and step sizes for
any given input level. The companding ratio of a CV 5D codec
is defined as the duty cycle of the coincidence output. ltis the
parameter measured by the syllabic filter and is the voltage
across Cg divided by the voltage swing of the coincidence
output. In Figure 19, the voltage swing of Pin 11 is 6.0 V. The
operaling companding ratio is analoged by the voltage
between Pins 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 V below Vi /2, then the positive input of
Al is (Vo2 — 0.7). The on diode drop at the input of A1
represents a 12% companding ratio (12% = 0.7 V/6.0 V).

The present step size of the operating codec is directly
related to the voltage across Ry, which established the
integrator current. In Figure 19, the voltage across Fy is
amplified by the ditferential amplifier A2 whose output is
single ended with respect to Pin 10 of the IC.

For large signal inputs, the step size is large and the
output of A2 is lower than 0.7 V. Thus D1 is fully on. The
present step size is not a factor in the step size control.
However, the difference between 12% companding ratio and

the instantaneous companding ratio at Pin 4 is amplified by
A1. The output of A1 changes the voltage across R in a
direction which reduces the difference between the
companding reference and the operating ratio by changing
the step size. The ratio of R4 and R3 determines how closely
the voltage at Pin 4 will be forced to 12%. The selection of R3
and R4 is initially experimental. However, the resulting
companding control is dependent on Ry, R3, R4, and the full
diode drop D1. These values are easy to reproduce from
codec to codec.

For small input levels, the companding ratic reference
becomes the output of A2 rather than the diode drop. The
operating companding ratio on Pin 4 is then compared to a
companding ratio smaller than 12% which is determined by
the voltage drop across Ry and the gain of A2 and A1. The
gain of A2 is also experimentally determined, but once
determined, the circuitry is easily repeated.

With no input signal, the companding ratio at 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 is established by the 500 k
resistor between Vo and Pin 4 and is therefore
independently selectable.

The signal to noise results of the active companding
network are shown in Figure 20. A smooth 2.0 dB drop is
realized from 12 dBm to ~24 under the contrel of Al. At
—24 dBm, A2 begins to 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 stope overload characteristic is also shown. The
active companding network praduces improved performance
with frequency. The 0 dBm slope overload point is raised to
4.8 kHz because of the gain available in controlling the
voltage across Ry. The curves demonstrate that the fevel
linearity has been maintained or improved.*

The codec in Figure 19 is designed specifically for
37.7 k bit systems. However, the benefits of the active
companding network are not timited to high bit rate systems.
By modifying the crossever region (changing the gain of A2},
the active technique may be used tc improve the
performance of lower bit rate systems.

The performance and repeatahbility of the codec in
Figure 19 represents a significant step forward in the art and
cost of CVSD codec designs.

*A larger value for G2 is required in the decoder ¢ircuit than in the
encoder to adjust the level linearity with frequency In Figure 19,
0.050 uF would work weli.
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Figure 19. Telephone Quality Deltamod Coder*

Voice/Non-Voice Clock Digital
Selact Input Output
7T kHz ? (|) Vo)
12V
4
16 14
- 180 O
022 uF il |
{ Of— - |
Analog 5| ’ '
Input 5 |
i | 4Bt || I
Register
16k (I e 9
I 1©
Non-Voice 12 " ¢ Logic 11 = 033 uF
Inpout | | N 4
- 1N914
(Digtal igl |
Input) 1 vVeei2 :
1 =
|5
* e Q VgyL
2| B 200k 1.0k §
wal 2| | T S T o — |
Cutput 36k : ok
O I Switch I S5k
| .
' RS PN ool Ak ' +A2 .
L ! M C1 B [ Sy p— Ll )
= 15k 600 0,05 uf A R4 75k
0.025 uF : 05 1 ) 200 k
Ak 100k 4 p
To 1 pF RO N )
4 T ! 0t uF ALS2
= 0.1 uF MC 1458

* Beih double integration and active companding control are used to abtain improved CVSD performance. Laser timming of the integrated circuit provides

reliable idle channel and step size range characteristics.
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Figure 20. Signal-to~Noise Performance and Frequency Response*

35 —
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\__-_-
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—48 -36 -24 -12 0 12 ] 20 40 6.0 4.0 10
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(a) Signal-to—Noise Performance of (b) Frequency Response versus Input Level
Telephony Quality Deltamodulator {Slope Overload Characteristic)

*Showing the improvement realized with the circuit in Figure 19.

Figure 21. High Performance Elliptic Filter for CVSD Output

Ct
yl;
1000 pF R7 I
A1 1.0%
87.6k R5
212k
5T e o

380 pF

1

Designed for 0.28 dB ripple in the pass band
- wn = 3.0 kHz
g = = 6.0 kHz
AdB at wg and above 29.5 dB
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Figure 22. Full Duplex/32 k Bit CVSD Voice Codec
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Analog Qutpul
o
MC3418
L
It ¢
C8 L ]
?_a_?ﬁa 3
Digita! Input
L S
Codec Components Input Filter Specifications Filter Components
Rx1, Rxz—-3.3 K2 12 dB/Octave Rolloff above 3.3 kHz R1 -9650 C1-33uF
Rpt, Rpp —3.3 K12 6.0 dB/Octave Relloff below 50 Hz R2 - 72 kQ C2 - 837 pF
Rs1. Rg2— 100 k2 Output Filter Specifications R3-72k0Q C3 - 536 pF
Ryq. Rz — 20 k2 H R4 - 63.46 kQ2 C4 — 1000 pF
Rz - 1.0 kQ Break Frequency -- 3.3 kHz RE - 127 kQ C5 - 222 oF
Stop Band — 9.0 kHz R6 — 365.5 kQ C6—77 pF

Rm1, Rmz - 15 M2 Stop Band Atten. — 50 dB A7 — 1.645 MQ G738 pF

Minimum step size = 6.0 mV Rollof — > 40 dB/QOclave RB — 7:2 s CB — 837 pF
Cs1, G52~ 0.05uF Rg - 72 kQ C9 - 536 pF
Ciy. Ciz - 0.05pF R10-29.5Q
2 MC3418 R11 - 72 k(2
1 MC3403 {or MC3406)

NOTE: All Res. 0.1% 1o 1%
NOTE: All Res. 5% Ali Cap. 0.1%
All Cap. 5%
17
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COMPARATIVE CODEC PERFORMANCE

The salient feature of CVSD codecs is versatility. The
range of codec complexity tradeoffs and bit rate is so wide
that one cannot grasp the interdependency of 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. ®
illustrate the choices available, the data in Figure 23
compares the signal-to—noise ratios and dynamic range of
various codec design options at 32 k bits. Generally, the
relative merits of each design feature will remain intact inany
application. Lowering the bit rate will reduce the dynamic
range and noise performance of all techniques. As the bitrate
is increased, the overall performance of each technique will
improve and the need for more complex designs diminishes,

Non-voice applications of the MC3418 are also possible.
In those cases, the signal bandwidth and amplitude
characteristics must be defined before the specification of
codec parameters can begin. However, in general, the
design can proceed along the lines of the voice applications
shown here, taking into account the different signal
bandwidth requirements.

Figure 23. Comparative Codec Performance —
Signal-to—Noise Ratio for 1.0 kHz Test Tone
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45 40 -3 -0 25 20 -5 10 -50 0
AMPLITUCE (dB)

NOTE: These curves demoensirate the improved performance obtained
with several codec designs of varying complexity.

Curve a ~ Complex companding and double integration {Figure 19}
Curve b — Double integration {Figure 14 using Figure 17)
Curve c - Singie integration (Figure 14) with 6.0 mV stepsize
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OUTLINE DIMENSIONS

P SUFFIX
PLASTIC PACKAGE
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ISSUE R
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2 e \
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D15 PL

(@02 000®|T] 4 @

NQTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
¥14.5M, 1982,
2. CONTROLLING DIMENSICHN: INCH.
3. DIMENSION L YO CENTER OF LEADS WHEN
FORMED PARALLEL.

4, DIMENSICN B DOES NOT INCLUDE MOLD FLASH.

5. ROUNDED CORNERS CPTIONAL.

INCHES MILLIMETERS
CIM! MM MAX MIN_| MAX
A | 0740 | 0770 | 1880 | 1855
B | 0250 | 0270 6.5 6.85
C | 0145 | 0175 369 4.44
D | 0015 | 02 039 0.53
F_| 0040 0.7 102 177
G 0.100 BSC 2.54 BSC
H 0.050 BSC 1.27 BSG
4 [ 0008 | 0015 0.21 [oel:]
K | 0110 ; 0130 2.50 330
L | 0.295 | 0305 7.50 174
| 0® i0° 9° 10°
S 1 0020 | 0040 0.51 101

DW SUFFIX
PLASTIC PACKAGE
CASE 751G-02

(SO-16L)
ISSUE A

e——{-A-F——>

oA AARAAAAL ¥
&
[=B—] gx P
i [$|u.om[o.25)®]8 @]
"HUHEHEHE

B N

[@oo0pm®T[ A ©[BO)]

C

Lo
‘ j in—FIx45“

Lat==h

iiimiaiiy
14X G K  SEATHG

PLANE

e

NOTES:

1. DIMENSIONING AND TOLERANCING PER ANS|
¥14.5M, 1982,

2. CONTROLLING DIMENSION: MILLIMETER.

3. DIMENSKONS A AND B DO NOT INCLUDE MOLD
PRCTRUSICN.

4, MAXINUM MOLD PROTRUSION 0.15 (0.006) PER

SIDE.

. DIMENSION D DOES NOT INCLUDE DAMBAR
PRCTARUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.13 (0.005} TOTAL IN
EXCESS OF D DIMENSION AT-MAXIMUM
MATEAIAL CONDITION,

W

MILLIMETERS INCHES
MIK MAX MIN | MAX
1015 | 1045 | 0400 | 0411
7.40 750 | 0292 | 0299
235 265 | 0093 | 0104
038 049 | 0014 | 0013
0.50 080 | 6.020 | 0GC36
1.27 BSC 0,050 BSC
0.25 032 | G010 } 2012
0.1 025 | 0004 | 0.009
0° 10 0° 7°
1005 | 10.55 | 0395 | 0.415
G.25 0.75 | 0010 | 0028
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Philips Semiconductors

Compandor

DESCRIPTION

The SA571 is a versatile low cost dual gain control circuit in which
either channel may be used as a dynamic range compressor or
expandor. Each ¢hannel has a full-wave rectifier 1o detect the
average value of the signal, a linerarized temperature-compensated

variable gain cell, and an operational amplifier.

The SA571 is well suited for use in ceHular radio and radio

Product specification
. |

SA571

PIN CONFIGURATION _ )
D, and N Packages®

e
RECTCAR Y 1 16| RECT CAP2
RECTIN1 2| 15] RECTINZ

AGCELLIN1 |3

[14] AG CELLIN2

communications systems, modems, telephone, and satellite GND [i E vee
broadcast/receive audio systems. INV.IN1 [ 8] E INV. IN 2
RES.R31 |6 11| RES. R32
FEATURES 31 (8] 1] res. g
: OUTPUTY |7 10| OUTPUT2
® Complete compressor and expandor in one |Chip i pa —
i THDTRIM 1 {8 | 9] THD TRIM 2
® Temperature compensated |
TOP VIEW
® Greater than 110dB dynamic range NOTE: )
1. SCL - Released in Larga SO Package Only. SRO0675
.
Operates down to 6VDC Figure 1. Pin Configuration
® System levels adjustable with external components
® Distorlion may be trimmed out
#® Dynamic noise reduction systems APPLICATIONS
® Voltage-controlled amplifier ® Cellular radio
® High level limiter
® Low level expandor—noise gate
® Dynamic filters
® CD Player
ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE DWG #
16-Pin Plastic Small Qutling Large (SOL) -40 to +85°C SAS71D S50T162-1
16-Pin Plastic Dual In-Line Package (DIP} -40 to +85°C SA571N S50T38-4
BLOCK DIAGRAM
THD THIM © R3 INVERTER IN
A2 20k - % R3 ZDkT
AGIN 4 apA—— | VARIABLE : -
GAIN
CUTPUT
A VREF
‘ Fad0k tay | 2
RECT IN H1 10k
AECTIFIER L
© REGT AP SRO0676

1997 Aug 14

_Elgure 2. Block Diagram

853-0812 18285
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ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNITS
Vee Maximum cperating ;gIItage " vDC
Ta Operating ambient temperature range o
SA -40 to +85
Pp Power dissipation 400 mw
AC ELECTRICAL CHARACTERISTICS
Voo = +6V, Ty = 25°C; unless otherwise stated.
LIMITS
SYMBOL PARAMETER TEST CONDITIONS S5A5715 UNITS
MIN TYP MAX
Veo Supply vollage B 18 v
lee Supply current No signal az 4.8 mA
laut QOutput current capability 20 ma
SR Qutput slew rate .5 Vius
Gain cell distortion? Uirimmed 1 2.0 %
Resistar tolerance 5 +15 Yo
internal reference voltage 1.65 1.8 1.95 v
Output DC shif Untrimmed +30 +150 my
Expandor cutput noise No signal, 15Hz-20kHz! 20 60 uv
Unity gain level® 1kHz -15 0 +1.5 dBm
Gain change? 4 +0.1 dB
Reference drift? +2,-25 +20, -50 mv
Resistor drift! +8, -0 %
Tracking error (measured relative to V jfgéigﬁ: ir\}pu:’OdB +0.2
value at unity gain) equals [Vp - Vo 2 ' 4B
(unity gain}] dB - V,dBm V, = -30dBm, V; = 0dB +0.2 1,415
Channel separation 60 dB
NOTES:

LRI NY S

1997 Aug 14

. Input to V¢ and V, grounded.
Measured at 0dBm, 1kHz.

Expander AC input change from no signal t¢ 0aBm,
Relative to value at T = 25°C.
Electrical characteristics for the SA571 only are specified over -40 to +85C temperature range.
0dBm = 775mVRms.
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CIRCUIT DESCRIPTION

The SA571 compandor building blocks, as shown in the block
diagram, are a ful-wave rectifier, a variable gain cell, an operational
amplifier and a bias system. The arrangement of these blocks in the
IC result in a circuit which can perform well with few external
components, yet can be adapted to many diverse applications.

The fuli-wave rectifier rectifies the input current which flows from the
rectifier input, to an internal summing node which is biased at Vpgr
The rectified current is averaged on an extemal filler capacitor tied
to the Creet terminal, and the average value of the input current
controls the gain of the variable gain cell. The gain will thus be
proportional to the average value of the input signal for
capacitively-coupled voltage inputs as shown in the following
equation. Note that for capacitively-coupled inputs there is no offset
voltage capable of producing a gain error. The only efror will come
from the bias current of the rectifier (supplied internally) which is
less than 0. 1A,

W — Yace | avg
Gx—R
or

I Vi | avg
x —H 77

Ry

The speed with which gain changes to follow changes in input signal
levels is determined by the rectifier filter capacitor. A small capacitor
will yield rapid response but will not fully filter low frequency signals.
Any ripple on the gain control signal will modulate the signal passing
through the vanable gain cell. In an expander or compressor
application, this would lead to third harmonic distortion, 50 there is a
trade-off to be made between fast attack and decay times and
distortion. For step changes in amplitude, the change in gain with
time is shown by this equation.

G = (Ginigar — Gnale — 11

+ Gyog : T = 10k X Cgger

The variable gain cell is a current-in, current-out device with the ratio
lgyTliv controlled by the rectifier. ky Is the current which flows from
the AG input to an internal summing node biased at Vier. The
following equation applies for capacitively-coupled inputs. The
output current, lgyT, is fed to the summing node of the op amp.

| = Vin — Veer =XI_I!

N Ry R

A compensation scheme built into the AG cell compensates for
temperature and cancels out odd harmoni¢ distortion. The only
distortion which remains is even harrmonics, and they exist only
because of internal offset voltages. The THD trim terminal provides
a means for nulling the intemal offsets for low distortion operation.

The operational amplifier {which is internally compensated) has the
non-inverting input tied to Vger, and the inverting input connected to
the AG celi output as well as brought out externally. A resistor, R, is
brought out from the summing node and allows compressor or
expander gain to be determined only by internal components.

The output stage is capable of 120mA output current. This allows a
+130dBm {3.5VRmg) oulput into a 3000 load which, with a series
resistor and proper transformer, can result in +13dBm with a 6002
output impedance.

A bandgap reference provides the reference voltage for alt summing
nodes, a regulated supply voltage for the rectifier and AG cell, and a

1997 Aug 14

bias current for the AG cell. The low ternpco of this type of reference
provides very stable biasing over a wide temperature range.

The typical performance characteristics illustration shows the basic
input-output transfer curve for basic compressor or expander
circuits.
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Figure 3. Basic Input-Output Transter Curve
TYPICAL TEST CIRCUIT
A Voo =15V
0ApF L — WF
1 = = ]
.11
A
20k
2.2yF o
20k 26 ' i
vy o e >——0
. 740 Yo
3.14
A
* VREF
10K
vz oo I’ir-/wv » A
2.15 3“" =
4 1.18
i ~~ 200pF
| Tz.z P
‘ B N SRO07E |

_I-"igure 4. Typical Test Circuit

INTRODUCTION

Much interest has been expressed in high performance electronic
gain control circuits. For non-critical applications, an integrated
circuit operational transconductance amplifier can be used, but
when high-performance is required, one has to resort to complex
discrete circuitry with many expensive, well-matched components.
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This paper describes an inexpensive integrated circuit, the SA571
Compandor, which offers a pair of high performance gain control
circuits featuring low distortion {<0.1%), high signal-to-noise ratio
(90dB), and wide dynamic range (110dB).

CIRCUIT BACKGROUND

The SA571 Compandor was originally designed to satisty the
requirements of the telephone system. When several telephone
channels are multiplexed onto a common line, the resutting
signal-to-noise ratio is poor and companding is used to allow a wider
dynamic range to be passed through the channel. Figure 5
graphically shows what a compandor can do for the signal-to-noise
ratio of a restricted dynamic range channel. The input level range of
+20 to -80dB is shown undergoing a 2-t0-1 compression where a
2dB input level change is compressed into a 1dB output level
change by the compressor. The original 100dB of dynamic range is
thus compressed to a 50dB range for transmission through a
restricted dynamic range channel. A complementary expansion on
the receiving end restores the original signal levels and reduces the
channel noise by as much as 45dB.

The significant circuits in a compressor or expander are the rectifier
and the gain control element. The phone system requires a simple
full-wave averaging rectifier with good accuracy, since the rectifier
accuracy deterrnines the (input) output level tracking accuracy. The
gain cell determines the distortion and noise characteristics, and the
phone system specifications here are very loose. These specs could
have been met with a simple operational transconductance
multiplier, or OTA, but the gain of an OTA is proportional to
temperature and this is very undesirable. Therefore, a linearized
transconductance multiplier was designed which is insensitive to
temperature and offers low noise and low distortion performance,
These features make the circuit useful in audio and data systems as
well as in telecommunications systemns.

BASIC CIRCUIT HOOK-UP AND OPERATION

Figure 6 shows the block diagram of one half of the chip, ({there are
two identical channels ¢n the IC). The fuli-wave averaging rectifier
provides a gain control current, Ly, for the variable gain (aG) cell.
The output of the AG cell is a current which is fed to the summing
node of the operational amplifier. Resistors are provided to establish
circuit gain and set the output DC bias.

QUTPUT
LEVEL

COMPRESSICN
EXPANSICN

SROE679

Figure 5. Restricted Dynamic Range Channel

Tha circuit is intended for use in single power supply systems, so
the internal surnming nodes must be biased at some vollage above
ground. An internal band gap voltage reference provides a very
slable, low noise 1.8V reference denoted Vrgp. The non-inverting
input of the op amp is tied to Vrep, and the summing nodes of the

1997 Aug 14

rectifier and AG cell (located at the right of Ry and R) have the
same potential. The THD trim pin is also at the \kgr potential.

Figure 7 shows how the circuit is hooked up to realize an expandar.
The input signal, Vin, is applied to the inputs of both the rectifier and
the AG cell. When the input signal drops by 6dB, the gain control
current will drop by a factor of 2, and so the gain will drop 6dB. The
output level at Vgyt will thus drop 12dB, giving us the desired 2-to-1
expansion.

Figure 8 shows the hook-up for a compressor, This is essentiaily an
expandor placed in the feedback lcop of the op amp. TheAG cell is
setup to provide AC feedback only, so a separate DC feedback loop
is provided by the two Fpg and Cpe. The values of Rpg will
determine the DC bias at the output of the op amp. The output will
bias to:

Rpci + Poee

Vour DC = 1 + A

THD TRIM
Ea I%Vm

Ra
oI 20k QUTPUT
34 10
RECTiN !
Cr
215 R
wi( vee PIN13

GND PIN 4

CRecT SRO0E50

Figure 6. Chip Block Diagram (1 of 2 Channels)

R3
----- —AAA———
€N Ry
— | 28 - )
b Vour
VCI)N—q A R,
’ 4
. VREF
CiNz Ry
] o =
NOTE: L
2 R, V, (avg) »
3 ¥iN c
GAIN = ——H—_ﬁ‘-—‘mu I RECT
1Rz s -
)g = 140pA
*EXTERNAL COMPONENTS SAOOES Y

Figure 7. Basic Expander

RL'.}CTOT
VREF = (1 +W 1.8v

The output of the expander will bias up to!

H3
Vour DC = 1 + 2 Veee

20k
VHEF = (1 +ﬂ) 1.8V = 3.0v

The output will bias to 3.0V when the internal resistors are used.
Extemal resistors may be placed in series with Ry, (which will affect
the gain), or in parallel with Ry to raise the DC bias to any desired
value.
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Rz
AG —vwWA————
|
4”“ F—wh———%
. — CRect, T ¢
Rpe = Rpe
CIN — ope
Az = oc
O - VC))UT
YiN - )
Ra ¢ VRE
N NOTES %
= R, R, |
GAIN = 1 28
Ry leavg
Ig = 140uA
External components SEO0EAL
Figure 8. Basic Compressor
- —— | =V /Ry v+

SRO0GE4

Figure 9. Rectifier Concept

CIRCUIT DETAILS—RECTIFIER

Figure 9 shows the concept behind the full-wave averaging rectifier.
The input current to the summing node of the op amp, MnRs, Is
supplied by the output of the op amp. If we can mirror the 0p amp
output current into a unipolar current, we will have an ideal rectifier.
The output current is averaged by Rs, CR, which set the averaging
time constant, and then mirrored with a gain of 2 to becormne §, the
gain control current.

Figure 10 shows the rectifier circuit in more detail. The op amp is a
one-stage op amp, biased so that only one output device is on at a
time. The non-invering input, {the base of Q), which is shown
grounded, is actually tied to the internal 1.8V VRer. The inverting
input is tied to the op amp output, (the emitters ot G and Qg), and
the input summing resistor By. The single diode between the bases
of Qg and Qg assures that only one device is on at a time. To detect
the output curent of the op amp, we simply use the collector
currents of the output devices G and Qg. Qg will conduct when the
input swings positive and Qg conducts when the input swings
negative. The collector currents will be in error by the a of Qs or Qg
on negative or positive signal swings, respectively. ICs such as this
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have typical NPN Bs of 200 and PNP 8s of 40. The &'s of 0.885 and
0.975 will produce errors of 0.5% on negative swings and 2.5% on
positive swings. The 1.5% average of these errors yields a mere
0.13dB gain error.

At very low input signal levels the bias current of G, (typically
50nA), will becorne significant as it must be supplied by Q. Another
low level efror can be caused by DC coupling into the rectifier. If an
offset voltage exists between the Vy, input pin and the base of Qs,
an error current of Vog/Ry will be generated. A mere 1mV of offset
will cause an input current of 100nA which will produce twice the
error of the input bias current. For highest accuracy, the rectifier
should be coupled into capacitively. At high input levels thef of the
PNP Qg will begin to suffer, and there will be an increasing error until
the circuit saturates. Saturation can be avoided by iimiting the
current into the rectifier input to 250uA. If necessary, an external
resistor may be placed in series with Ry to limit the current to this
value. Figure 11 shows the rectifier accuracy vs input level at a
frequency of 1kHz.

2 ViIN

Qg

Qg

NOTE:

VN ave
'c TR SR00683
Figure 10. Simplified Rectifier Schematic

At very high frequencies, the response of the rectifier will fall off. The
roll-off will be more pronounced at lower input levels due to the
increasing amount of gain required to switch between Qs or Qg
conducting. The rectifier frequency response for input levels of
0dBm, -20dBm, and -40dBm is shown in Figure 12. The response at
all three levels is flat to well above the audio range.

—

+1

EAROR GAIN dB

- ! I I
—40 -20 1]

RECTIFIER INPUT dBim SRO0GES

Figure 11. Rectifier Accuracy
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~ - - 'c_1 _ IC_4 _ Iy + 4y
lc2 lea Iy = by
& INPUT = 0dBm plus the relationships lg=Ilga+lcs4 and loyt=lgs-lca will yield the
; o 7 a0dB multiplier transfer function,
F I - LG b = YEI_G
; sl -40dB: ouT I IN R, I,
o
© This equation is linear and temperature-insensitive, but it assumes
ideal transistors.
s i 1 A
10k 1MEG Vog =5mV
FREQUENCY (Hz) SROOGES
Figure 12. Rectifler Frequency Response vs Input Level Am¥
[=]
VARIABLE GAIN CELL F mv
Figure 13 is a diagram of the variable gain cell. This is a linearized e 2mV
two-gquadrant transconductance multiplier. Qy, Qo and the op amp 1y
provide a predistoried drive signal for the gain control pair, Gy and "

Q4. The gain is controlled by lg and a current mirror provides the
oulput current.

The op amp maintains the base and collector of ¢ at ground
potential (Vrer) by controlling the base of (b, The input current |y
{=V)N/Ro) is thus forced to flow through Qy aleng with the current }y,
50 le1=11+ly. Since |z has been set at twice the value of |, the
current through Qs is:

t-(l+Ind=h-Ine=lcz.

The op amp has thus forced a linear current swing between Gy and
Qp by providing the proper drive to the base of Gb. This drive signal
will be linear for small signals, bui very non-linear for large signals,
since it is compensating for the non-linearity of the differential pair,

Q,; and Qy, under large signal conditions.

i I é
: 1400 A

Vs

I (=21y)
280uA

l -

i NOTE:

| ‘g s Yin

[ - = 1, =

| ouT Ty IR 1 Ry SRO0SE7

" Figure 13. Simplified AG Cell Schematic

The key to the circuit is that this same predistorted drive signal is
applied to the gain control pair, g and Q4. When two differential
pairs of transistors have the same signal applied, their collector
current ratios will be identical regardless of the magnitude of the
currents. This gives us:

1997 Aug 14

INPUT LEVEL {dBm)

SRoosa8
Flgure 14. AG Cell Distortion vs Offset Voitage

If the transistors are not perfectly matched, a parabolic, non-linearity
is generated, which results in second harmaonic distortion. Figure 14
gives an indication of the magnitude of the distortion caused by a
given input levet and offset voltage. The distortion is linearly
proportional to the magnitude of the offset and the input level.
Saturation of the gain cell occurs at a +8dBm tevel. At a nominal
operating level of dBm, a tmV offset will yield 0.34% of second
harmonic distortion. Most circuits are somewhat better than this,
which means our overall offsets are typically about mV. The
distertion is not affected by the magnitude of the gain control
current, and it does not increase as the gain is changed. This
second harmenic distortion could be eliminated by making perfect
transistors, but since that would be difficult, we have had 1o resori to
other methods. A trim pin has been provided to allow trimming of the
internal offsets to zero, which effectively eliminated

second harmonic distortion. Figure 15 shows the simple trim
network required.

Figure 16 shows the noise performance of the AG cell. The
maximum output level before clipping occurs in the gain cel is
plotted along with the output noise in a 20kHz bandwidth. Note that
the noise drops as the gain is reduced for the first 20dB of gain
reduction. At high gains, the signal to noise ratio is 9GdB, and the
total dynamic range from maximum signal to minimum noise is
110dB.

vee

R
3.8v

6.2k
A 2 20k
To THD Trim
=200pF
= SROUEAS

Figure 15. THD Trim Network
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+20 —

MAXIMUM

£ -20 SIGNAL LEVEL
2 90dB
11048
5 a0
o
[
E i
o
ol
5 ' Y
80| :
' NOISE IN
L 20kHz BW
-100 . \
—4p —20 o

¥YCA GAIN (0dB)

Figure 16. Dynam-i::-_lél-;ﬁgéw -

Controf signal feedthrough is generated in the gain cell by imperfect
device matching and mismatches in the current sources, § and I5.
When no input signal is present, changing Iz will cause a small
output signal. The distortion tnim is effective in nulling out any control
signal feedthrough, but in general, the null for minimum feedthrough
will be different than the null in distortion. Tha control signal
feedthrough can be trimmed independently of distortion by tying a
current source 10 the AG input pin. This effectively trims k. Figure 17
shows such a trim network.

Vee
R-SELECT FOR
_\.
BV - e

470k

100k S --ANA - -0 TOPINZ OA 14

- SRO0691

Figure 17. Control Signal Feedthrou;ﬁ
OPERATIONAL AMPLIFIER

The main op amp shown in the chip block diagram is equivalent to a
741 with a 1MHz bandwidth. Figure 18 shows the basic circuit. Split
collectors are used in the input pair to reduce gy, so that a small
compensation capacitor of just 10pF may be used. The output
stage, although capable of output currents in excess of 20mA, is
biased for a low quiescent current to conserve power. When driving
heavy loads, this leads to a small amount of crossover distortion.

8

SRO06892

Figure 18. Operational Amplifier

1997 Aug 14

RESISTORS

Inspection of the gain equations in Figures 7 and 8 will show that the
basic compressor and expander circuit gains may be set entirely by
resistor ralios and the internal valtage reference. Thus, any form of
resistors that match well would suffice for these simple hook-ups,
and absolute accuracy and temperature coefficient would be of no
imporance. However, as one starls to medify the gain equation with
extemal resisiors, the internal resistor accuracy and tempco become
very significant. Figure 19 shows the effects of temperature on the
diffused resistors which are normally used in integrated circuits, and
the ion-implanted resistors which are used in this cireuit. Qver the
critical 0°C to +70°C temperature range, there is a 10-to-1 improve-
mant in drift from a 5% change for the diffused resistors, to a 0.5%
change for the implemented resistors. The imptanted resistors have
another advantage in that they can be made the size of the diffused
resistors due to the higher resistivity. This saves a significant
amount of chip area.

180024, .-
1.15 -
w DIFFUSED
e RESISTOA
o
b 110
Q ket —
LOW TC
g 108 IMPLANTED
N RESISTOR
-
3
g 1o 1% ERAOR
c BAND
4
85
40 0 40 8O 120
TEMPERATURE SA00695 |

Figure 19. Resistance vs Temperature
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S016: plastic small outline package; 16 leads; body width 7.5 mm SOT16241

A, [ "“‘\\
HFHH H HH —T " T
RIININIRIHINENIN] L

7.
H te—== L EIV R

Z

MARAAAAR

bt T —— ]

™ _ R _ _ An _§
- | l A+1 f\ (ﬁia)

pin 1 index

b LWLH : | B —

0 5 1|0 mm

scale

DIMENSIONS (inch dimensions are derived from the original mm dimensions)

A
UNIT [ o | A | A2 | As | bp c [ DO EN| o He L L | @ v w y |z e
0.30 | 2.45 049 | 032 | 105 | 7.8 10.65 11| 11 0.9
2.65
mm 010 | 225 | %%° | 036 | 023 | t01 | 7.4 | 27 [q000f " | 04 | 10 | OB [0 01} os | g
[+]
, 0.012 | 0.096 0.019 | 0.013| 0.41 | 0.30 0.42 0.043 | 0.043 oo3s| ©
inches | 010 | 5'o0s | 0.089 | %01 | 01014 | 0,008 | 0.40 | 029 | 0050 | gag [0055 016 | 0l0ae | @01 | 001 [0.004] 5pig
Note
1. Plastic or metal protrusions of 0.15 mm maximum per side are not included.
REFERENCES 1
VERSION (FUROPEAN | 1ssue DaTE
EC JEDEC ElAJ
Py YT
SOT162-1 075E03 MS-013AA =1 @ 95-01-24
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DIP16: plastic dual in-line package; 16 leads (300 mil) S0T38-4
e D Mg
o
[=
g
a
o
£
b
4
1
4 3 10 mm
L PEE Ll 1
scale
DIMENSIONS (inch dimensions are derived from the original mm dimensions)
A Aq Az 1) Rt z
UNIT | e | mine | max b by b; c D E e ey L Mg My w ax.
173 | 053 | 1.25 | 036 | 19.50 | 6.48 360 | B.25 | 100
mm 4.2 0.51 3.2 130 | 0.38 | 0.85 | 0.23 | 1855 | 6.20 254 | 762 | 355 | 780 | 8.3 0.254 | 076
; 0.068 | 0.021 { 0.049 | 0.014 | 0.77 | 0.26 014 | 032 | 0.39
h
inches | 0.17 | 0.020 | 013 | 5'ocy | 0.015 | 0.093 | 0009 | 073 | 0za | @10 | 930 | g2 | oar | o3 | 201 | 000
Nota
1. Plastic or metal protrusions of 0.25 mm maximum per side are not included.
QUTLINE REFERENCES EUROPEAN
ISSUE DATE
VERSION IEC JEDEC E1Ad PROJECTION
PR+
SOT8-4 =39 95 01-14
10
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

14-Bit Binary Counter and
Oscillator

The MC14060B is a 14-stage binary ripple counter with an on—chip
oscillator buffer. The oscillator configuration allows design of either RC or
crystal oscillator circuits. Also included on the chip is a reset function which
places all outputs into the zero state and disables the oscillator A negative
transition on Clock will advance the counter to the next state. Schmitt trigger
action on the input line permits very slow input rise and fall times.
Applications include time delay circuits, counter controls, and frequency
dividing circuits.

» Fully static operation

« Diode Protection on All Inputs

« Supply Voltage Range =3.0Vto 18V

« Capable of Driving Two Low—power TTL Loads or One Low—power
Schottky TTL Load Over the Rated Temperature Range

» Buffered Outputs Available from Stages 4 Through 10 and
12 Through 14

+ Common Reset Line

¢ Pin—for-Pin Replacement for CD4060B

TRUTH TABLE
Clock | Reset Output State
e L No Change
o L Advance to next state
X H All Qutputs are low
X = Don't Care

LOGIC DIAGRAM

ouT2
90

MC14060B

L SUFFIX
CERAMIC
CASE 620
P SUFFIX
\ PLASTIC
CASE 648
/ D SUFFIX
' 50IC
\ﬁ CASE 7518
ORDERING INFORMATION
MC14XXXBCP Piastic
MC14XXXBCL Ceramic
MC14XXXBD SolC

Ta = — 55° to 125°C for all packages.

PIN ASSIGNMENT

Q2] 1e 16 [1 vpp
ata(l 2 15 a0
Qa3 14 [] G8
Qs [] 4 131 Q9
Qs[5 12 [] RESET
Q7[] & 11 [] CLOCK
Q4fl 7 10 [ OUT 1
Veg [] 8 gjout2
Q5 Q12 Q13 Q14

OUT 1

10 7 5 1 2 3
CLOCK

H L—Do—»—c{b >o—«::co—-—oco cC Q cC Q c Q ¢ Q

c_Q ¢ ,d ¢ L0 ¢ 0

A R R A

L 1 T 7

BT e P I [

REV 3
1Mm4

Q6=PIN4 Q3=PIN14 QIC=PIN15 Vpp=PIN16
Q7=PIN6 Q9=PIN13 Vgg = PINB

OMOFOROLAGMOS LOGIC DATA

@ MOT%%&?



MAXIMUM RATINGS* (Voltages Referenced 1o Vgg)

Symbol Parameter Value Unit This device contains protection circuitry to
VDD DC Supply Voltage ~05t0 + 18.0 Vv guard against damage due 1o high static

- voltages or electric fields. However, pre-

Vi Yout { Input or Output Voltage (DC or Transient) -05WVpp+05 | V cautions must be taken 1o avoid applications of
i lout | input or Qutput Current (DC or Transient), +10 mA any voltage higher than maximum rated volt
per Pin ages to this high—impedance circuil. For proper

operatlon, Vin and Vgt shouid be constrained
Po Power Dissipation, per Packaget 500 mw 1o the range Vgg = (Vin o Vout) < VDD
Unused inputs must always be tied fo an
appropriate logic voltage level (e.g., either Vgg
TL Lead Temperalure (8—Second Soldering) 260 °GC or Vpp). Unused outputs must be left open.

Tsig Storage Temperature — 6510 + 150 *C

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

tTemperature Derating:
Plastic “P and D/DW" Packages: — 7.0 mW/,C From 65°C To 125°C
Ceramic “L" Packages — 12 mW/C From 100°C To 125°C

ELECTRICAL CHARACTERISTICS (Voltages Referenced 1o Vgg)

VDD - 55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ # Max Min Max Unit
Qutput Voltage “0" Level VoL 5.0 — 0.05 —_ 0 0.05 — 0.05 A\
Vin= Vppor 0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
Vin=0o0r Vpp “4” Level | VoR 5.0 4.95 — 4.95 5.0 — 4.95 — v
10 9.95 —_ 9.95 10 — 9.95 —
i5 14.95 — 14.95 15 —_ 14.95 —_

Input Voltage ‘0" Level ViL A
{Vo=450r05V) 5.0 — 1.5 — 2.25 15 — 1.5
(Vo =9.00r1.0V) 10 — 3.0 — 4,50 3.0 — 3.0
(Vg=1350r1.5V) 15 — 4.0 — 6.75 4.0 — 40
(Vo=050r45V)  “t"Level [ V|y 5.0 3.5 — 35 2.75 — 35 — v
(Vo=1.00r9.0V) 10 7.0 — 7.0 5.50 -— 7.0 —
(Vo=150r13.5V) 15 11.0 — 1.0 8.25 — 1.0 —

Input Voltage "0” Level VIL Vde
(Vo = 4.5 Vdc) {For Input 11 5.0 — 1.0 —- 2.25 1.0 — 1.0
(Vo =9.0Vde) and Output 10) 10 — 2.0 — 4.50 2.0 — 2.0
(Vo = 13.5 Vdc) 158 — 2.5 — 6.75 2.5 — 2.5
{Vo = 0.5 Vdc) “1" Level ViH 5.0 4.0 — 4.0 2.75 — 4.0 — Vdc
(Vo =1.0Vdo) 10 8.0 — 8.0 5.50 — 8.0 —

(Vg =1.5Vdc) 15 125 — 12.5 8.25 — 125 —

Output Drive Current loH mA
(Von =25V) (Except Source 50 -3.0 — —-24 -42 — -1.7 —
VoH=46V) Pins 9 ang 10} 5.0 -0.64 — - 0.51 -0.88 — - 0.36 —
(Vor=9.5V) 10 -16 — -13 | -225 — -08 -
Vop=135V) 15 —42 — -34 ~-88 — —24 —

(VoL =04V) Sink oL 50 0.64 — 0.51 0.88 — 0.36 — mA
(VoL =05V) 10 1.6 — 1.3 225 — 09 —
(VoL=15V) 15 4.2 — 34 g.8 — 2.4 —_

Input Current Yin 15 — +0.1 — | +o0.00001 | 0.1 — £1.0 | pA

Input Capacitance (Vin = 0} Cin — — — — 5.0 7.5 — — pF

Quiescent Current oD 50 — 5.0 — 0.005 5.0 — 150 WA
{Per Package) 10 — 10 — 0.010 10 — 300

15 —_ 20 —_ 0.015 20 - 600

Total Supply Current™t IT 5.0 IT = (0.25 uAkHZ} { + DD HA
{Dynamic plus Quiescent, 10 IT = (0.54 pAkHz) f+ IDD
Per Package) 15 IT = {0.85 pA/kHZ) T+ IDD
(GL = 50 pF on all utputs,
all buffers switching})

# Data labelled “Typ" is not o be used for design purposes but is intended as an indication of the IG5 potential performance.
**Tha formulas given are for the typicat characteristics anly at 25 C. ‘

MC14060B8 MOTOROLA CMOS LOGIC DATA
2



SWITCHING CHARACTERISTICS (C_ = 50 pF, TA = 25°C)

Vpp
Characteristic Symbol Vde Min Typ # Max Unit
Output Rise Time (Counter Outputs) TLH 5.0 — 40 200 ns
10 — 25 100
15 — 20 80
Output Fall Time (Counter Outputs) tTHL 5.0 - 50 200 ns
10 - 30 100
15 — 20 BO
Propagation Delay Time tPLH 5.0 — 415 740 ns
Clock to Q4 IpPHL 10 — 175 300
15 — 125 200
Ciock 1o Q14 5.0 — 1.5 2.7 us
10 — 0.7 1.3
15 — 0.4 1.0
Clock Pulse Widih twH 5.0 100 63 — ns
10 40 30 —
15 30 20 —
Clock Pulse Frequency fo 5.0 — 5 a5 MHz
10 — 14 B8
15 — 17 12
Ciock Rise and Fall Time TLH 5.0 ns
tTHL 10 No Limit
15
Reset Pulse Width tw 50 120 40 — ns
10 60 15 —
15 40 10 _
Propagation Delay Time tPHL 5.0 — 170 350 ns
Reset to On 10 — B0 160
15 — 60 100

#Data labelled “Typ" is not to be used for design purposes but is intended as an indication of the |(8 potential performance.

PULSE
GENERATOR
NC - CUTH 05
NC —0UT2 On
H -] I
20 ns lt— 20 N5

gogfo VDD
CLOCK s
Vss
50% DUTY CYCLE

Figure 1. Power Dissipation Test Circuit
and Waveform

PULSE
GENERATOR

¥ VoD

CLOCK

TLH

NC qCUTY 5
NC 0uUT2

tys ]

10%

ITHL —*

Figure 2. Switching Time Test Circuit
and Waveforms

]
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CLOCK 11
o o Dc !

RESET 10 OUT1 9 ouTz

R
1L
A 1€
Rg Cic

C

U
2.3 thC‘c

if 1 kHz << 100 kHz
and 2Ry < Rg < 10Ry
(fin Hz, R in chms, C in farads)

The formula may vary for other frequencies. Recommended
maximum value for the resistors in 1 M2

Figure 3. Oscillator Circuit Using RC Configuration

TYPICAL RC OSCILLATOR CHARACTERISTICS

8.0 i 100 E ——
—— Vpp=10V
Vpp=15V 50 58
4 0 \\ DD E ‘\ ! i
&= —~— \ = g o fAS A FUNCT!ON
£ - 4
= :: w--_._.___ (- _— E') QF HTC 14
S pF====S=l —-g:_:\‘"—- L SEHZ M
2 — = 3 < {Rg~2Rre) 1
R EEEE s syt N Lo FAS A FUNCTION T[4 N
z Top—— B oFC S
g -8¢ 5.0V 3 (RTC = 56 k©) =
: L[\ e =uany s
-12 T -
Rro=56kit— Hs:ﬂ.f:ﬂﬂ.’)kHZ@VDD=10‘TA=25°C_—_'—' 02 '\\
4l C=1000pF __ Rg =120k f-7.8kHz @ Vpp = 10V, T4 =26°C o1 28
-55 -25 0 25 50 75 100 125 1.0k 10k 100 k 1.0M
Ta, AMBIENT TEMPERATURE (°C) ATe, RESISTANCE (DHMS)
0.00C1 0.001 0.01 01
C, CAPACITANCE (pF)
Figure 4. RC Oscillator Stability Figure 5. RC Oscillator Frequency as a
Function of Rrc and C
K
(1:1L0C , - . | 900 kHz | 32 kHz
T . D,: . R ' Characteristic Circuit | Cireuit | Unit
l Crystal Characteristics
RESET 10 ouTH 9 aurz Resonant Frequency 500 32 kHz
180 Equivalent Resistance, Rg 1.0 6.2 kO
External Resistor/Capacitor Values
Rg Ro 47 750 | kQ
_‘_"—||] cT 82 82 pF
TCs T¢Cr Cg 20 20 pF
Frequency Stability
. . . T Frequency Changes as a Function
Figure 6. Typical Crystal Oscillator Circuit of VD (Ta = 25°C)
Vpp Change from 5.0 V to 10V +6.0 +2.0 | ppm
Vpp Change from 10V to 15 V +2.0 +2.0 | ppm
Frequency Change as a Function
of Temperature (Vpp = 10 V)
Ta Change from — 55°Cto + 100 +120 | ppm
+25°C Complete Osciltatar”
Ta Change from + 25*C to - 160 -560 | ppm
+125°C Complete Oscillator*
* Complete oscillator includes crystal, capacitors, and resistors.
Figure 7. Typica! Data for Crystal Oscillatgor Circuit
MC14060B MOTOROLA CMOS LLOGIC DATA
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OUTLINE DIMENSIONS

SEATING
PLANE

M ™ ™™ ™ ™ ™ ]

L SUFFIX

GCERAMIC DIP PACKAGE

CASE 62010
ISSUE V

b,

[@]ozsp00®@[T1]4 O]

—J 18PL

&l02s0010@[7[6 O]

NOTES:

1. DIMENSICNING AND TOLEAANCING PER
ANSI Y14.5M, 1982

2. CONTROLLING DIMENSION: INCH

3. DIMENSION L TOCENTER OF LEAD WHEN
FORMED FARALLEL.

4 DIMENSION F MAY NARROW TOQ 76 {0.030)
WHERE THE LEAD ENTERS THE CERAMIC

BODY.

INCHES. MILLIMETERS
DIM| MIN | MAX | Wi | MAX
A | 0750 | 0785 | 19.05 | 1993
B | 0240 | 0205 | 610 | 7.49
cC| -——1laamo| — | 508
D | go15 | 0020 | 039 | 050
£ 0.050 BSC 1,27 BSC
F | 0055 | 0065 | 140 | 165
G 0.100BSC 2,54 BSC
H | 0008 | 0015 | 021 038
K | 0125 | 0470 | 318 | 431
L 0360 BSC 762B5C
M 0° ] _15° 0° [ _15°
N | 0020 | 0040 | 051 | 10

P SUFFIX
PLASTIC DIP PACKAGE
CASE 648-08
ISSUER
NOTES:
1. DIMENSIONING AND TOLERANCING FER ANSI
Y14 5M, 1982,
2. CONTROLLING DIMENSION: INCH.
3 CIMENSION L TG CENTER OF LEADS WHEN
FORMED PARALLEL.
4 DIMENSION B DOES NOT INCLUDE MOLD FLASH.
5. ROUNCED CORNERS OPTIOMAL.
INCHES MILLIMETERS
DIM| MIN MAX MIN WAX
ft— |, —] A 0740 | 0.770 ¢ 1880 : 1959
B 0250 | 9270 B35 685
} ‘ c 0.4458 | 0178 3.59 4.44
‘ f o] 0.0t15 | 0021 0.3 0.5
SEATING \ F_1 0040 070 1.02 1.77
ALANE 6 | cimest 25165C
—_ — \"( M H 0.050 BSC 1.27 85C
J 0008 | 0.015 021 0.38
‘JL J ™ K 0410 | 0.130 2480 3.30
L 0295 ; 0.305 750 7.74
D18 PL W 0°] 10°] 6°) 1f
[$]e2s0006[T[A @] s | gz [onaa | 05t 101
MOTOROLA CMOS LOGIC DATA MC14060B
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OUTLINE DIMENSIONS

D SUFFIX
PLASTIC SOIC PACKAGE
CASE 751B-05
1ISSUE J

S NOTES:
HA HAHAH H 1. DWIENSIONING AND TOLERANCING PER ANS!
Y145, 1082,
1 8 _f 2. CONTROLLING DIMENSICN: MILUMETER.

3. DIMENSIONS A AND 8 DO NOT INCLUDE

PapL MOLD PROTRUSION.

4, MAXIMUM MOLD PROTRUSION 0.15 {0.006)

1 0.25 (0.010)® | B @I PER SIOE,

! L J |$ 4. DIMENSICN D DOES NOT INCLUDE DAMBAR
J i_j:l MH_H_H_H PROTAUSION. ALLOWABLE DAMBAR
j G

PROTAUSION SHALL BE 0.127 10.005) TOTAL
N EXCESS CF THE D CIMENSION AT

MAXIMUM MATERIAL CONDITION.

MILLIMETERS | INCHES

_J Do [ MIN_| MAX | MIN | MAX

F A | 980 | 1060 [ 0386 | 0393

K‘I * r— R x4s° B | 280 | ¢00 [ 015c [ 0457

- . ¢ [ 135 | 175 | posa | ooed

_{ c D | 035 | 049 | 0014 | 0019

Eﬁw S F [ "os0 | 125 | 0016 | 0089
[=T=]seamva = - T f f —_ g 127 BSC 0050 BSC

PLANE A—l L M J J | o1l o25] 0cos | 0008

K | 010 | 025 | 0cos | 0.008

DsrL M| _c°| 7°] go| 7%

P | 580 | 520 | 0229 | ooad

|$| 0.25 (0‘010]®| T! B ©1A ®| A 025 | 050 | 00101 gome

the suitability of its products for any particutar purpese, nor does Motorola assume any liability arising out of the application or use of any product or circuit,

and specifically disclaims any and ail liability, including without limitation consequential or incidental damages. “T ypical® parameters which may be pravided
in Motorola dala sheets and/or specifications can and da vary in dif ferent applications and actual performance may vary overtima. All operating parameters,
including “Typicals™ must be validated for each customer applicatian by customer's technical expers. Motorcla does not convey any license under ils patent
rights nor the rights of othars. Motorola products are not designed, intended, or authotized for usa as components in systems intended for surgical imptant

into the body, or other applications intended to support or sustain lite, or for any other application in which the failure of the Motorola product could create a
situation where personal injury or death may accur. Should Buyer purchase or use Motorala praducts for any such unintended or unauthorized application,
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LM386

General Description

The LM386 is a power amplifier designed for use in low volt-
age consurner applications. The gain is internally set to 20 1o
keep extarnal pan count low, but the addition of an external
resistor and capacitar betwesn pins 1 and 8 will increase the
gain to any value up 1o 200.

The inputs are ground referencad while the oulput is auto-
matically biased to ore half the supply voliage. The guies-
cent powsr drain is only 24 milliwatts when operating from a
6 volt supply, making the LM386 ideal for battery operation.

Features

= Baltery operation

m Minimurmn extemal parts

® Widse supply voltage range:  4V-12V or 5V-18V
m Low quisscent current drain: 4 mA

m Volage gains from 20 to 200

u Ground reterenced input

m Seli-centering output quiascent voltage
m Low disfartion

m Available in 8 pin MSOP package
Applications

u AM-FM radio amplifiers

u Portable tape player amplifiers

H intercoms

m TV sound systems

m Line drivers

m Ultrasonic drivers

» Small sarvo drivers

8 Power converers

&National Semiconducior

Low Voitage Audio Power Amplifier

September 1997

Equivalent Schematic and Connection Diagrams
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Small Outling,
Molded Mini Small Outline,
and Dual-In-Line Packages
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cho 1} 5 vour
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Top View

Order Number LM386M-1,
LM385MM-1, LM386N-1, LMJIB6N-3
or LM386N-4
See NS Package Number
MOBA, MUADSA or NOBE
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Absolute Maximum Ratings (o 2;

Dual-In-Line Package

Package Dissipalion (Nota 3}

If Milltary/Aerospace specilied devices are required, Soldering {10 sec) +260°C

please contact the National Semiconductor Sales Office/ Small Qutline Package

Distributora for availability and specifications. (SOIG and MSOP)

Supply Vohage Vapor Phase (60 soc) +215°C
(LM3BEN-1, -3, LM386M-1) 15V Infrarad (15 sec) +20°C

Supply Voltage (LM386N-4) 20y See AN-450 “Surface Mounting Methads and Their Effect

an Product Reliability” for other methods of soldering

surface mount devices.

(LM3BBN) 1.25W Thermal Resistance
{LM3B6M) 0.73W 4. (DIP) 37CW
{LM3BEMM-1) 0.595W 9,4 (DIP) 107°C/W
Inpul Voltage *0.4V f,c (SO Package) 35 C/W
Storage Temperature -65°C to +150°C 8, (SO Package) 172°CIW
Operating Temperature 0°Cta +70°C 8, (MSOP) 210°CW
Junction Temperature +150°C 8, (MSCP) 56 CW
Soldering Information
Electrical Characteristics(Notes 1, 2)
Ta=25C
Paramster Condilions Min Typ Max Units
Operating Supply Voltage (Vg)
LM3B6N-1, -3, LM3BEM-1, LM3BEMM-1 4 12 v
LM3B6N-4 5 18 v
Quiescent Current (o) Vg =6V V), =0 4 B mA
Qutput Power {Four)
LM3BEN-1, LM386M-1, LM386MM-1 Vs = 8V, R = 8Q, THD = 10% 250 325 mW
LM38EN-3 Vg =9V, R, = 8, THD = 10% 500 700 miw
LM3B6N-4 Vo =16V, A = 326, THD = 10% 700 1000 mw
Vohage Gain (Ay) Vg = BV, F= 1 kHz 26 dB
10 pF from Pin 1 to 8 48 dB
Bandwidth (BW) Vg = 6V, Pins 1 and 8 Open 300 kHz
Total Harmaonic Distortion (THD) Vg = 6V, B = B}, Pour = 126 mW 0.2 Yo
f = 1 kHz, Pins 1 and 8 Cpen
Power Supply Rejection Ratio (PSAR) Vg = B8V, 1 = 1 kHz, Caypass = 10 pF 50 dB
Pins 1 and 8 Cpen, Referred 1o Cutpul
Input Resistance {A;y) 50 39
Input Bias Current (lgas} Vg = 6V, Pins 2 and 3 Cpen 250 nA

Nate 1: All voltages are measured with respect to the ground pin, uness othorwse specifiad
Nate 2: Absolute Maximum Ratings indicata limits beyond which damaga 10 the device may occur. Cperating Ratings mdicats conditivns for which the devics is func-
tiona!, but do nat guarantee specific perfunnancs limis. Electrical Characteristics stata DC and AC eleciricai spacifications undar particutar test conditions which guar-
antea specific parfonmanca limits. This assumes thal the davica is within the Cparating Ratings Spacificatons ara not guaramaad for pammeers whers no limit &
given, however, the typical value is u good indication of devica partormanee
Nole 3: For opemtian b ambient temperdiuras abava 26°C, the device must ba darated basad on a 150'C maximuim juncticn temperaiure and 1) a hanmal resis-
tance of BD'CAN junclion to ambient for tha dual-in-ine package and 2) a hanmal resistance of 170°C/W for the small oulline package
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Application Hints

GAIN CONTROL

To make the LM386 a mora versatile amplifier, two pins (1
and B} are provided for gain control. With pins 1 and 8 open
the 1.35 kil rasistor sets the gain at 20 (26 dB). If a capacitor
is put from pin 1 to 8, bypassing the 1.35 kil resistor. the
gain will go up to 200 {46 dB). If a resistor is placed in series
with the capacitor, the gain can be set to any value from 20
to 200, Gain controf can also be done py capacitively cou-
pling a resistar (or FET) from pin 1 to ground.

Additional external componenis can be placed in paralled
with the intemal feedback resistors to failor the gain and fre-
quency response for individual applications. For example.
we can compensate poor speaker bass response by fre-
quency shaping the feedback path. This is done with a series
RC from pin 1 to § {paralleling the intemal 15 k{} resistor).
For 6 dB effective bass boost: R = 15 kil, the lowes! value
for good stable aperation is R = 10 k0 if pin 8 is open. if pins
1 and 8 are bypassed then R as low as 2 ki can be used.
This restriction is because the amplifier is only compensated
for closed-loop gains greater than 9.

INPUT BIASING

The schemalic shows that both inputs are biased to ground
with a 50 ki} resisior. The base current of the input transis-
tors is about 250 nA, so the inputs are at about 12.5 mV
when laft open. If the dc source resislance driving the LM3B6
is highar than 260 k&l i will contribute very little additional
offset (about 2.5 mY at the inputl, 50 mV at the output). If the
dc source resistance is l8ss than 10 kR, then shorting the
unused input to ground will keep the offset low {about 2.5 mV
at the input, 50 mV at the oulput). For dc source resistances
hetween these values we can eliminate excess offset by put-
ting a resistor from the unused input to ground, equal in
value to the dc source resistance. Of course all offset prob-
lems are eliminated if the input is capacitively coupled.
When using the LM386 with higher gains (bypassing the
1,35 ki) resislor betwsen pins 1 and 8) it is necessary to by-
pass the unused input, preveniing degradation of gain and
possible instabilities. This is done with a 0.1 pF capacitor or
a shar to ground depending on the dc source rasistance on
1he driven input

www.national.com




Application Hints

GAIN CONTROL

To make the LM386 a more versatile amplifier, two pins (1
and 8) are provided for gain control. With pins 1 and 8 open
the 1.35 ki) resistor sels the gain at 20 {26 dB). If a capacilor
i put from pin 1 to 8, bypassing the 1.35 ki resistor. the
gain will go up to 200 (46 dB). If a resistar is placed in series
with the capacitor, the gain can be set o any valua from 20
to 200. Gain contral can also be done by capacitively cou-
pling a resistor (or FET) from pin 1 to ground.

Additional external components can be placed in parallel
with the intemal feadback rasistors to tailor the gain and fre-
quency response for individual applications. For example,
we can compensate poor speaker bass response by fre-
quency shaping the feedback path. This is done with a serias
RC from pin 1 to 5 (paralieling the intamat 15 k&2 resistor).
For 6 dB effactive bass boost: R = 15 k(2. the lowest value
for good stable operation is R = 10 k(2 if pin B is open. If pins
1 and B are bypassed then R as low as 2 K can be used.
This restriclion is because the amplifier is only compensaled
for closed-loop gains greater than 9.

INPUT BIASING

The schematic shows that both inputs are biased 1o ground
wilh a 50 k{2 resislor. The base cument of the input transis-
tors is about 250 nA, so the inputs are at about 12.5 my
when left open. If the dc solrce resistance driving the LM386
is higher than 250 k2 it will contribute very little additional
ofiset (about 2.5 mV at the input, 50 mV at the output). If the
dc source resistance is less than 10 ki, then shorling the
unused input to ground will keap the oftset low (about 2.5 mV
at the input, 50 mV at the output). For de source resislances
petween these values we can eliminate excess offsel by put-
ting a resistor fram the unused input to ground, equal in
value 1o the dc source resistance. Of course all offset prob-
lems are eliminated if the input is capacitively coupied.
When using the LM3B6 with higher gains (bypassing the
1.35 ki) resistor betwesn pins 1 and B) il is necessary o by-
pass the unused inpul. preventing degradation of gain and
possible instabilities. This s dane with a 0.1 pF capacitor or
a short to ground depending on tha dc source resistance on
tne driven input
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Typical Performance Characteristics

Quiascent Supply Current
vs Supply Voltage
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Typical Applications

Amplifier with Gain = 20
Minimum Parts

Amplifier with Gain = 200

DS0RITE-)

Amplifier with Gain = 50
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Amplitier with Bass Boost

Ve

¥

t=1kHa

3
LSA0BATE A j’

DS00&37T8 -9

www.national.com




Typical Applications (contirued)

Frequency Response with Bass Boost
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Note 4: Twist Supply tead ang supply ground very tiglitly.

Nols 5: Twis! speakar laad and ground vary tightly

Nole B: Fenite baad in Fermoxcuba K5-001-001/38 with 3 tums of wine
Moda 7: R1C1 bend limits inpin signals.

Nolo 8: All componants must be spaced vary closaly to 1C
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Physical Dimensions inches (millimeters) unless otherwise noted
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SO Package (M)
Order Number LM386M-1
NS Package Number MOBA
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Physical Dimensions inches (milimeters) unless otherwise noted (Continued)
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LM386 Low Voltage Audio Power Amplifier

Physical Dimensions inches (milimeters) unless atharwise noted (Continued)
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Low Noise, JFET Input
Operational Amplifiers

These low noise JFET input cperational amplifiers combine two
state—of-the—ant analog technologies on a single monolithic integrated
circuil. Each internally compensated operational amplifier has well matched
high voltage JFET input device for low input offset voltage. The BIFET
technology provides wide bandwidths and fast slew rates with low input bias
currents, input cffset currents, and supply currents. Moreover, the devices
exhibit low noise and low harmonic distortion, making them ideal for use in
high fidelity audio amplifier applications.

These devices are available in singie, dual and quad operational
amplifiers which are pin—compatible with the industry standard MC1741,
MC1458, and the MC3403/LM324 bipolar products.

e Low Input Noise Voltage: 18 nV/y Hz Typ
e | ow Harmonic Distortion: 0.01% Typ

& | ow Input Bias and Offset Currents

® High Input Impedance: 1012 Q Typ

® High Slew Rate: 13 V/us Typ

® Wide Gain Bandwidth: 4.0 MHz Typ

® | ow Supply Current: 1.4 mA per Amp

Order this document by TLO71C/D

TLO71C,AC
TLO72C,AC
TLO74C,AC

LOW NOISE, JFET INPUT
OPERATIONAL AMPLIFIERS

SEMICONDUCTOR
TECHNICAL DATA

P SUFFIX D SUFFIX
PLASTIC PACKAGE PLASTIC PACKAGE
CASE 626 CASE 751

(SO-8)

L

8 1
1

PIN CONNECTIONS
/S

Offset Null [ 1 [ 8]NC
Inv + Input [ 2 | L7 ] Voo
Nenimdt Input E:1>L _?_] Output
veg [ 4] 5 ] Offset Nui

TLO71 (Top View)

TLO72 (Top View)

N SUFFIX
PLASTIC PACKAGE
CASE 648
1 (TLO74 Oniy)

PIN CONNECTIONS

p—y
Output 1 [ 1] 14] Output 4
Inputs 1 [%DJ \@% ] Inputs 4
3 14 12
vee [4] [11] Vee
Inputs 2 [E% ﬁ% } Inputs 3
6 9
Qulput 2 E 1‘ Output 3

TLG74 (Top View)

ORDERING INFORMATION
Op Amp Operating
Function Device Temperature Range Package
TLO71CD S50-8
Single Ta=0°t0 +70°C
TLO71ACP Plastic DIP
TLO72CD 50-8
Dual Tp = 0°to +70°C
TLO72ACP Plastic DIP
Quad TLO74ACN, ACN Ta =010 +70°C Plastic DIP

MOTOROLA ANALOG IC DEVICE DATA

© Motorola, Inc. 1997

Rev 1



TL0O71C,AC TL072C,AC TL0O74C,AC

MAXIMUM RATINGS

Rating Symbol Value Unit
Supply Voltage Veeo 18 v
VEE -18

Differential Input Voltage ViD +30 A
Input Voltage Range {Note 1} VIDR +15 v
Output Short Circuit Duration (Note 2) tsc Continuous
Power Dissipation

Plastic Package (N, P) Pp 680 mw

Derate abave Tp = 47°C 1.0/8 4 10 mw/°C

Operating Ambient Temperature Range Ta 0to +70 °C
Storage Temperature Range Tstg —65to +150 °C

NOTES: 1. The magnitude of the input voltage must not exceed the magnitude of the supply voltage or
15 V, whichever is less.
2. The autput may ba sheried 1o ground or either supply. Temperature and/or supply voltages
must be limited ta ensure that power dissipation ratings are not exceeded.
3. ESD data available upon request,

ELECTRICAL CHARACTERISTICS (VGC = 15V, VEE =—15 V, TA = Thigh to Tiow [Note 1)

Characteristics Symbo! Min Typ Max Unit

Input Offset Voltage (Rg < 10k, Vopm = 0) Vio mv
TLO71C, TLO72C - - 13
TLO74C - - 13
TLO7_AC - - 7.5

Input Offset Current (Vopm = 0) (Note 2) ho nA
TLO7_C - - 2.0
TLO7_AC - - 2.0

input Bias Current (Mop = 0) (Note 2) B nA
TLO7_C - - 7.0
TLO7 _AC - - 7.0

Large—Signal Voltage Gain (Vo =10V, RL 22.0 k) AvoL Vimv
TLO7 C 15 - -

TLO7_AC 25 - -

QOutput Voltage Swing (Peak—to—-Peak) . Vo v
(RL =210k} 24 - -
(RL22.0Kk) 20 - -

NOTES: 1. Tjgy= C°C for TLO71C,AC Thigh = 70°C for TLO71C.AC
TLO72C,AC TLO72C,AC
TLO74C,AC TLO74C.AC

2. input Bias currents of JFET input op amps approximately double for every 10°C rise in junction temperature as shown in Figure 3. To maintain
junction temperature as ciose 1o ambient temperature as possible, pulse tachniques must be used during testing.

Figure 1. Unity Gain Voltage Follower Figure 2. Inverting Gain of 10 Amplifier
10k
_—m___.._,__n
1.0k
- O—A A -
oVp Vin Vo
o—— + +
Vin
A =20k -1~ CL=100pF = AL 7R G| = 100 pF

2 MOTOROLA ANALOG IC DEVICE DATA




TLO71C,AC TLO72C,AC TLO74C,AC

ELECTRICAL CHARACTERISTICS (Voc =15 V. VEE =15V, T = 25°C, unless otherwise noted.)

Characteristics Symbol Min Typ Max Unit
Input Offset Voltage (Rg < 10k, VoM = 0) vVio my
TLO71C, TLO72C - 3.0 10
TLO74C - 3.0 10
TLO7_AC - 3.0 6.0
Average Temperature Coefficient of Input Offset Vollage AVIYAT - 10 - TAS o
HS = 5012, TA = T|0w to Th|gh (Note 1)
input Oftset Current {(Vgp = 0) (Note 2) o pA
TLO7_C - 5.0 50
TLO7_AC - 5.0 50
Input Bias Gurrent (Vo = 0} (Note 2) =] pA
TLO7_C - 30 200
TLO7_AC - 30 200
Input Aesistance fi - 1012 -
Common Mode Input Voltage Range VICR v
TLO7_C 10 15,12 -
TLO7_AC +11 15,-12 -
Large—Signal Voltage Gain (Vo =10V, R 2 2.0 k) AvoL Vimy
TLO7_C 25 150 -
TLO7_AC 50 150 -
Qutput Voltage Swing (Peak-to—FPeak) Vo 24 28 - v
(AL =10k)
Common Mode Rejection Ratio (Rg <10 k) CMRRA dB
TLO7_C 70 100 -
TLO7_AC B0 100 -
Supply Voltage Rejection Ratio (Rg < 10 K) PSRA dB
TLO7_C 70 100 -
TLO7_AC 80 100 -
Supply Current (Each Amplifier) D - 1.4 25 mA
Unity Gain Bandwidth BW - 4.0 - MHz
Slew Rate (See Figure 1) SR - 13 - vips
Vin =10V, R = 2.0k, C_ = 100 pF
Rise Time (See Figure 1) i - 0.1 - us
QOvershoot {Vjn = 20 mV, Ry = 2.0 k, C_ = 100 pF}) 0s - 10 - Yo
Equivalent Input Noise Voltage en - 18 - nv/NHz
Rg =100 f = 1000 Hz
Eguivalent Input Noise Current in - 0.01 - pA/YHZ
FAg =100€ f=1000Hz
Total Harmonic Distostion THD - 0.01 - %
Vo (RMS) =10V, Rg < 1.0k, R 2 2.0k, f = 1000 Hz
Channel Separation GS - 120 - dB

AV =100
NOTES: 1. Tjg,, = 0°C for TLOT1C,AC Thigh = 70°C for TLO71C AC
TLO72C,AC TLO72C AC
TLO74C,AC TLO74C,AC

2. Input Bias currents of JFET input op amps approximately double for every 16°C rise in junction temperature as shown in Figure 3. To maintain
junction temperature as close ta ambient temperature as possible, pulse techniques must ba used during testing.
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Vi, OUTPUT VOLTAGE SWING (Vpp) Iig. INPUT BIAS CURRENT (nA)

Vo, OUTPUT VOLTAGE SWING (Vgp)

TLO71C,AC TLO72C,AC TLO74C,AC

Figure 3. Input Bias Current
versus Temperature
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versus Temperature
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Figure 4. Qutput Voltage Swing
versus Frequency
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TLO71C,AC TLO72C,AC TLO74C,AC

Figure 9. Large Signal Valtage Gain and
Phase Shift versus Frequency

Figure 10. Large Signal Voitage Gain
versus Temperature
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TLO71C,AC TLO72C,AC TL0O74C,AC

Representative Schematic Diagram
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TLO71C,AC TLO72C,AC TL0O74C,AC

OUTLINE DIMENSIONS

P SUFFIX
PLASTIC PACKAGE
CASE 626-05
ISSUE K
8 5
NOTES:
1. DIMENSION L TO CENTER OF LEAD WHEN
D [-B-] FORMED PARALLEL,
2. PACKAGE CONTQUR GPTIONAL (ROUND OR
O 4 SQUARE COANERS).
h.l LuJ Lu.l LII 3. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M. 1982
Fre MILLIMETERS | INCHES
| oM Wi | MaX | MIN | max
NOTE 2 * {-A-}— A | 940 | 1016 | 0.370 | 0400
e L —™ B | 610 | 660 | 0240 | 0260
C | 304 | 445 | 0155 | 0175
f ¥ f / \ D | 038 | 051 | 0015 | 0020
F [ 102 ] 178 | 0060 | 0070
j cC G 354 BSC 0100BSC
i H 1 075 [ 127 | 0030 | aose
AL ER L 8 J J | oeo | 030 oc0s | 0012
} ) K| 292 | 3431 0016 | 0138
SEATING N v L |~ 7s2msC 0 300BSC
PLANE — \ M| — | 10°| — ] _10°
——||¢—D Lk M o] e W1 0761 10v | 0030 | oo
H G
[&le s ®@[T[+ ®[8 @]
D SUFFIX
PLASTIC PACKAGE
CASE 751-05
{SC-8)
ISSUE S
NOTES:

— A
L SEATING
I Wi =1=1 B O A
[T ] 0.10
A1-

(] u,25®|c|5®|A©]

. DIMENSIONING ANC TOLERANCING PER ASME

Y14.5M, 1994,

2. DIMENSIONS ARFE IN MILLIMETERS.

3. DIMENSION 1 AND E DO NQT WWCLUDE MGLD
PROTRUSION,

4, MAXIMUM MOLD PRQTRUSICN 0.15 PER SIDE.

5. DIMENSION B DOES NOT INCLURE MOLD
PROTRUSION. ALLOWABLE DAMBAR
PAOTRUSION SHALL BE 0.127 TOTAL IN EXCESS
OF THE B DIMENSION AT MAXIMUM MATERLAL
CONDITION.

h xas °

0 MILLIMETERS
DM [N A |
A 139 1.75
Al 210 0.25
B 035 049
[ 0.18 0.25
1] 480 5.00
E 380 4.00
] 1.27 BSC
H 580 6.20
h 025 §.50
L 240 1.25
Lil g* i
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TLO71C,AC TLO72C,AC TL074C,AC

OUTLINE DIMENSIONS
N SUFFIX
PLASTIG PACKAGE
CASE 645-06
ISSUE M NOTES:
1. DIMENSIONING AND TOLERAN
_% ljll JI’ A ;‘l’ IIH rl} Trech 1333 A LERANCING PER ANSI

2. CONTROLLING DIMENSION: INCH.
3. DIMENSION L TQO GENTER OF LEADS WHEN

[t — o —]

0 FORMED: PARALLEL.
4. DIMENESION 8 DOES NOT INCLUGE MOLD FLASH
{IJ v V luJ llrl Lu) '1} 5. ROUNDET} GORNERS OFTIONAL.
A INCHES MILLIMETERS

| Did | MIN MAX MIN | MAX
A | 0715 | 0.770 | 1816 | 18.80
B | 0240 | 0.260 6.10 860
€ [ 0145 ] 0185 359 463
0 | 0015 | 0.021 038 053
F | 0.040 | 0070 102 1.78
G 0.100 BSC 2.54 BSC
H
J
K
L
]
N

0052 | 0095 | 132 | 241
oopa | oo1s | o20 | g38
0115 | 0135 | 262 | 343
0290 | 0310 | 737 | 787

e 0°] — 10°
0015 { 003 | o038 | 101

PLANE JL L Jmlle
™ H G DiarL M
BEATIE
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Operational Amplifiers

Motorola offers a broad line of bipolar operationai
amplifiers tomeet a wide range of applications. From low—cost
industry~standard types to high precision circuits, the span
encompassas a large range of performance capabilities.
These Analog integrated circuits are available as single, dual

Table 1. Single Operational Amplifiers

and quad monolithic devices in a variety of temperature
ranges and package styles. Most devices may be obtained in
unencapsulated “chip” form as well. For price and delivery
information on chips, please contact your Motorola Sales

Representative or Distributor.

Bw | SR |
;] Vio |TCvio | 1o | Avol [(Av=1) [(Ay=1) Mg
A | mv) | vre) | (A) [(vimv) | (MHZ) | (vius) Sutix/
Device Max Max Typ Max Min Typ Typ Min  Max Description Package
Noncompensated
Commercial Temperature Range {0°C to +70°C)
LM301A 0.25 7.5 10 50 25 1.0 0.5 +3.0 | 18 General Purpose N/626, D/751
LM308A 7.0 0.5 50 1.0 a0 1.0 0.3 +3.0 | 18 Precision N/626, D/751
industrial Temperature Range {-25°C to +85°C)
m2o1a [ o075 | 20 | 10 | 10 | so 1.0 05 |230 222 | General Purpose N/626, D751
internally Compensated
Commercial Temperature Range (0°C to +70°C)
LF351 200 pA i0 10 100 pA 25 4.0 13 +5.0 | +18 JFET Input N/626, D751
LF411C 200 pA 2.0 10 100 pA 25 8.0 25 +5.0 | 22 | JFET Input, Low Offset, | N/626, D/751
Low Drift
MC1436,C | 0.04 10 12 10 70 1.0 2.0 15 | 34 High Voitage P1/626, D/751
MCI1741C 05 6.0 15 200 20 1.0 0.5 +3.0 | +18 General Purpose P1/626, D/751
MC1776C 0.003 6.0 15 3.0 100 1.0 0.2 +1.2 | +18 | pPower, Programmabie | P1/626, D/751
MC3476 0.05 6.0 15 25 50 1.0 0.2 1.5 | £18 Low Cost, P1/626
uPower, Programmabhle
MC34001 200 pA 10 10 100 pA 25 4.0 13 15.0 JFET Input Pfe2s, D751
MC34001B | 200 pA 5.0 10 100 pA 50 4.0 13 5.0 | = JFET Input P/i626, D/751
MC34071 0.5 5.0 10 75 25 4.5 10 +3.0 | +44 High Performance P/626, D/751
MC34071A | 500 nA 3.0 10 50 50 4.5 10 +3.0 | +44 Single Supply P/626, D751
MC340808 | 200 pA 1.0 10 100 pA 25 16 55 5.0 | 22 _ Decompensated pP/626, D/751
MC34081B | 200 pA 1.0 10 100 pA 25 8.0 30 +5.0 | £22 | High Speed, JFET Input | P/626, D/751
MC34181 0.1 nA 2.0 10 0.05 25 4.0 10 +2.5 | £18 | Low Power, JFET input P/626
TLO7T1AC {200 pA 6.0 10 50 pA 50 4.0 13 +5.0 | £18 | Low Noise, JFET Input Pi626
TLO71C 200 pA 10 10 50 pA 25 4.0 13 150 | +t8 Low Noise, JFET Input D751
TLOB1AC 200 pA 6.0 10 100 pA 50 4.0 13 +5.0 | +18 JFET Input p/626
TLOB1C 400 pA 5 10 200 pA 25 4.0 13 5.0 | +18 JFET Input D751
Automotive Temperature Range (- 40°C to +85°C)
MC33071 0.5 5.0 10 75 25 45 10 +3.0 | +44 High Performance P/626, D/751
MC33071A | 500 nA 3.0 10 50 50 4.5 10 +3.0 | +44 Single Supply P/626, D/751
MC33171 0.1 4.5 10 20 50 1.8 2.1 +3.0 | +44 |Low Power, Single Suppiy| P/626, D/751
MC33181 0.t nA 2.0 10 0.05 25 4.0 10 +2.5 | £18 | Low Power, JFET Input | P/626, D/751
Extended Temperature Range (-40°C to +105°C)
[MC33201 | 250 nA | 90 | 20 | 100 | s0 22 | 10 [+09[#60]| LowvRai-to-Rai | P26 D751 |
Military Temperature Range (—55°C to +125°C)
[Mcaszot [400na]| 90 | 20 [ 200 | s0 22 | 1.0 |09 [60] LowvRai-to-Ral [ P26 D751 |
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