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ABSTRACT

This thesis is an application of Bucket Brigrade Devices (BBD)
to develope telephone security protection of human voice and other signals.
The type of protection is achieved by use of alternate compression and ex-
pansion procedures in frequency domain using BBD controlled by microproces-
sor. To develope this techmique.certain ohstacles have to resolved:Firstly
synchronization of serambling by phase lock loop,secondly expansion of voice
band by a limited bandwidth expansion factor.This deviece is developed as a

low cost,moderate security,for general uses voice privacy systenm.
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serial data enciphered
stream data stream
voice A/D l DIGITAL l
inout | CONVERTER CIPHERING TRANSMITTER =0
DIGITAL D/A voice
A FECETTRR [ DECIPHERING I CONVERTER [ |
enciphered serial data
data stream stream
4u# 2.1 Digital cipher system
parallel enciphered analogue
data narallel data - signal
I A/D 1 DIGITAL l D/A l
input' CONVERTER CIPHERING CONVERTER TRANSILTTER -
A/D DIGITAL D/A voice
— R 2 >
RSV I CONVERTER DECIPHERING CONVERTER atrtowk
analogue enciphered parallel
siagnal parallel data data

4U72.2 Modify digital cipher system
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1. Speech Inversion

2. Band - shift Inversion

3. Bandscrambler or Bandsplitter
4, Time Element Scrambler
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(1) Speech Inversion
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d=

Power density

&
200 3200 Frequency

4u# 2.3 A speech signal band - limited to 200 - 3200 Hz
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naudagas snIanenisang L nuseay [5]

MN z005 iutia vanus caeil lonuaviagnouin 4096 @ LAY (Stages) fl...
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uySian (fabricate) mam P - channel silicon gate Tasldinaluladl MOS w@wnsa -

wuaviggueails (audio) Tadvgugn 204.8 mS %uﬁqmﬁnsm:ﬁoﬁ

- YBULUANTIIHUIN (tD) . 20.48 - =204.8 NS

- AsApUdYaYAaAIuATgaNaEuNn (fi) : 10 KHz
- #aanadezavdggnaduyn (Vi) @ 1.2 Vg

- #asndsuvaviggnurasanssuadu (S/N). @ 75 dB

- dgghaviinni loauauda tinu3 una (fep) & 10 = 100 KHz

- 3w Bsnduass (Insertion loss, Lj) o dB

3.3 WaAnAISNIVIUYBNIA LANLSLAA

anngy 3.1 CP1 uasz CP2 Lﬂuﬁmq1mu1ﬁhﬁﬂﬁﬂ1ﬂuﬁ (fcp) LB fuuART v I
fuwacifmafilutAa (dyty cycle) My 50 tﬂa€Lﬁuﬁ1§ﬁ1uqunﬂinﬁoﬂuuauﬁﬂtﬂnu%;ﬂﬁ
CRI was CP2 lﬁmaﬁﬂﬂﬂﬁﬁﬂiunéunﬁLﬁﬂﬁ@@ﬂWﬂWHuaﬂﬁ1ﬂMN 3101 (MN 3101 clock generator
driver Lﬁuﬁqaéﬁoﬁmm1mu1ﬁn1ﬁ1uLﬂaaauﬁdﬂtﬁha1ﬂﬂﬁsﬂ11unéunﬁLﬁhﬁqmﬂmnwsTu (internal
oscillator) w3a snnunavwaiiadggauansuan (external oscillator)MN s1o1 aanuwuy
Uﬁ1%ﬂﬁ“%ﬂﬁﬁLﬂﬂU?LﬂﬂIﬁHlﬂﬂﬂ:). Tﬂuﬁ1nﬁLﬁnﬂmmﬂmﬂquuanﬁﬁ%ﬁvﬁuﬁﬁsﬂﬂsnﬁuﬁuﬂaaﬁaﬂu&é
snlyTasTys ioaisas wilnans LasuAaYaeEa Y indagrani suanilils sAnSamdea znaia
sqpazidualuuvanly

ﬁmqﬂmuﬂﬁﬂﬂﬁuaaoﬁdnﬁuﬁﬂﬁaﬁnf (switch) a1 i Insa-vaansuddines
(Tetrode MOS transistor) nﬁuﬁuaé1uaﬂ11:uﬁnﬁ:uaLﬁauﬁuﬂﬁu(SampTing)ﬁmmwmﬁuun
aqniuazane (transfer) ua:%ﬂiqmﬂmanﬂﬁuLﬁuﬂﬁzqﬁﬁotﬁuuTuﬁnhm:éaLﬂaﬁnﬂuﬁaénauﬁmmﬁm
unn TapanswazIudagramnidediaa (stage) Rafad Fun1antvINtauaEns LB tApsazEInT
afufunlsfiatya CP, wazRazuav CP,, wazdmgnaluwsazdiraazgniday (shift) sananv
OUT1 AIuRaTYDY CPT uazns OUT2 AILRATYDY CP2 Hugnai OUTIua:ﬁmmwmﬁ OUB
ugys snavFeiiuuaziu TaniSundgyam OUT1 Jdagedadszaanil 1 (first composited

signal) uazi3unidgnnad OUT2 Jrdggnodiuszasuil 2 (second composited signal)
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gﬂﬁ 3.3 wdavAdNUTUNUSS ZrI1e Summing signal nu,CP1 ua:CPa

flaann1snaany



20

ﬂ1ss1uﬁmmﬂmaﬁﬂLaﬂﬂn#qﬂaunﬁTﬁ155@mﬂmﬂﬂﬁﬂum:Lﬁufuﬁulﬁ (step stair signal) #v

udtae lugudl 3.2

P ~ - ' >
3703y 3.3 idunaiilasnnisnaasy uaaeln viuaudfuiussmansdyanaita -
anan1532u8  (Summing) weavdygnu OUT1 uas OUT2 Audggrou®an CP1 uaz CP2
o -. € er ar = al Yy VY L g o
fin Lnnu3 Lnadusalgaassavdggonusudavlaliaed LAuts ey 40se di1Aa.
ua:aﬁuﬁiﬂﬁ3Uﬂuﬂﬁﬁdﬁﬂtﬂ (transfer) SEna19A 2 LAULS YA BRAT luA1Tas INUARZASVEIN1SE
& s B T - a o q ¥ o -l -
Taans sivdaganisiasia (pulse width) Ienhinifisnasivdsuudavauian (period )
v &L . ol & N, \ "L
vavilggnalauazasinananisnuaadggnifisdusiy Tasanimuas (Tp) Tuaz inniunanuuav
° o s T o =lq * ° o -
UIUIUA LAANURAT I A (tcpw)ﬁdﬂnaﬁmmﬁmuﬁﬁn1 (fCP) AloAruAuATSNIvINBBYA LANLT LAA

F9 Housunislady

tD = . 4096 X thw (tcpw = 0.s5T) -

aren 3 o a_ o 3 - e o L
mpangudRvavatsnudedagna Tagin ludauunssae i Dudn i ideonae

P ud o i (¥ oma P . -

(Echo generator) uazia3seiamvauaund luihsadaliazlananadensutiowaszyna

17 lun1sruasuuAsuasAruasuudodggauides

al e ar =
3.4 ANISTULASYDAYERYINL@EvAduilA LANLS LAA

arsguassudvdagna L dsvnssnalaens iiu (store) ﬁmmﬂmﬁuun(fi)tﬁ11ﬂﬁﬂLnn
- & =4 e s -~ -t y w ¥ ¥ =l
U3 1NAASYNIENATUIL 4096 @LAY lagLldaupnlufiasdimans 1 wad alsaludvevigenauitnn
pu = b o P ] - ) i e & » » o o
(fcp) nfiadud iy £, (ladggadunni@au iyl inunenun 4086 @iAIuad AN LaBL
d 8 ¥ o - Z v o P f ol ot B ',
daanancaula luiia vanu3 LaatusanalsAludyasidfpgnaulinn CP) ffAud i LAvaslunh
d LI > - .
Ingudfgga (wave form) cddsuuday unan lodggrau o (fCP) fiiarwduinnan f; Tas
! e ° o o ar = = P - X
umiin f, azni s ufgenadsuudasly ludavasiifainuigetiu #v 15ennsguasuudouunl
. - . »” - e o
21 Wiiaudasuinsadu (Frequency compression) uwazanlsffagiauqitan (fcp) piAud
> . L ° (e = ar ol oy o s ¥ -
ussn f, Tawlnimdy fy azni Insudagnaidfsuudas e ludarasifawaanandggiadunn

1Sunmatunsuuavunuiion w3 iaaudBasunuiu (Frequency expansion) #eusavlugudl 3.4
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a 7 = . -
AUHuRusEBINTS LUAsuulaws suI vy adunn (fi) uwazdggn L aayn (fo)
'3 e L3 e | J 'v
1Uﬂ15ﬁﬂul“ﬁﬁﬁuua:LBﬂﬁUNuﬂﬂﬂﬁuﬂﬁﬂﬂ1ﬂﬂﬂ1ﬂ?ﬁﬁ?ﬂuﬂﬂﬂﬂﬁmmﬂmlaqﬂﬂqztﬂﬂﬂﬂﬂﬂﬂmﬂaﬂ -
o - - o deq ¥ 4 - -
A dggnaduyniivaudveviggau Rt 1y luns L Rsudggusananaia tamu3 Lan (fcpo )

» ) g 4 [ a &
n1saasAludnavdggnau i la Tuns LRsudagnaioniia tamus taa (fcpij #v i@ punnuiy-

wuslustuavaunisladu

fo = % (fcpo T

) weri (B2 )

a7ngy 3.4 (1) iindggnodugn (fi) sua 1 KHz  gnifeuifvionlaluiia-

. — 2 .
vany3 tnanlsal i dagnouaitan (F._.) wnmifiv 20 KHz dulugufl 3.4 (2) dudegne -

cpi

ol - - ar - e =) ! a
Layni LAinwIAnTS LRaudggranandaiia tanu3 tnaslsAtuadggiaui®an (T ) infiv 40

cpo
KHz walnifinns i andaen inssdunzodnsidu 2 aa 1 dggaadunndv wdsuly iy 2KHz oy

= - - < o Y ! =
Tusuil 3.4 (3) 1AW taud LBarunuduaisiasdau 1 Ae 2 Fognduynivasuly i sooHz

b =l oo Ay & ! = ar =
daugUil 3.5 uaawAIuHUNUSS InedggnaiunnAudanintanynignruAsuLae

» - P & o o
m1n15n1sﬂautwﬁﬁﬁuua:taﬁﬂuwuﬁuninaﬂﬂﬂ1ﬁnﬂaau

4 = daw S— 42 . B N «
atlunnsrursuyiei Ta Tunisufiacn inns Ay insoifus duiunis Loatunuiiunasn
[} o ] . ol ' o e
(aanagivaniilay uaz LAsuudavinsnnoy inssiunaz L satunutuiiuanaviiuaanly Tasineylu

2oy LAY finuavura tResyavuvufianusieaan (Bandwidth expansion factor sqwazifualu
=
unn 4)

b - ¥ o -
3.4.,1 Hﬂﬂﬂﬁﬂqﬁﬂuﬁﬁa@mﬂNQﬁﬂﬂﬂﬁﬁuﬂiunﬂﬂﬁ?ﬂﬂﬁLﬂﬂUﬁtﬂﬂ

> ° »
angd 3.4 anqmualn

f =20KHz, f = a0 KHz, f_ =10 KHz, f. =1 KHz
1 2 3 i

s f wlewdu f, f) =1 X (a0/20) = 2 KHz ...(3.3)

vila f1 vUAsu iy fa’ fo =1 X (10/20) = .s KHz R
Tuntuav tigafiu

a1 f2 cURpu L Du f1, fo = 1 X (20/40) = .s KHz ...(3.5)

a1 fa vUReu L du f1, fo = 1 X (20/10) = 2 KHz cnsbaR)
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andunis (2.2) Ay (3.6) uar (3.4) fiv (3.5) afwTsanBennsiBAYg-

I’ A- as 1 =t ar = ' " M
uwuﬁuuﬂzﬂﬂiﬂﬂﬂlWiﬁﬁHﬂ?ﬂﬁﬂﬂ?ﬂﬂﬂﬁqﬁﬁuLﬂﬂ?ﬂuﬁ%ﬁﬁ uﬂﬂﬁﬁﬂuﬂﬂLﬂaﬂﬂﬂﬂammﬂmﬂﬁuﬂﬂﬂﬂﬂ

#uTavaadonile q wrudSedgonaduynuaz L sudggnafiusuyavlalzan (hold) 13 iy

4096

ar = ! o a & ) = by el 3 =
dvna paviAtAnuI cna nsuulv LA LAinduannnis LAsudgganlaas L luunazdinaaani a0

WNIUASY 4096 dALAI

LIRINUIY (tD) = @huausiaa. X Wagin (tcpw)

a7n (3.3) tD = 4096 X .0125 mMS (tcpw Uy fa)
51.2 -mS e

a31n (3.6) tD = 4096 X .025 MS (tcpw FEN] f1)
102.4 mS ..(3.8)

370 (3.4) tD = 4096 X ,05 MS (tcpw U fs)
204.8 mS oul(8ap)

37n (3.5) ty 7 406 X .o25 WS (tcpw T f1)
102.4 . MS we (B110)

Lo b as a o &
w3 zasiufivigan (3.3)Au(3.6)uaz(3.4)fu (3.5) Aziinnsidadunuduuas
o} = ¥ ar ¥ o ar ¥ L/ N ar ar ¥ ar
ANSADY LNSTTUAINUARIBBATIE I LR B IAUWA TPRINA ZYARUI9 LAa0A1 AL Avudane a1y (3.7) #y
(3.8)uaz(3.9)fiu(3.10) luniusviAsariiuain (a.8) i (3.10)Hulu L1 a ML Ve LNNARUAAINY
= & e ' ar
fuovdgaan L aynnat vy
a0 > > P <
21ANNANIVIYIVANUDAINAI LBUASYLRVAILAS LBATUHUTUUA Z A5 ABY Lns Ty
ad ¥ ow oo .=.'T 2 = % ﬁ = oo d
ARLRIEvIIn1sTUASULAY [asnsruledggianie T idunistuasuudy woy 2 I (two dimen
sion scrambling)
. dq ¥ = L
71U 3.6 (1) Dudggrasuynilanedsy lunissuasuuavTasnsuureifoananas
= =l & = - P = P of oo
tasuudavaud Tashaludnevdggraduyniiniavinanile in1iu f_i
> = = o= b
51 3.6 (2) uax 3.6 (3) uﬂmvTﬂtﬁuﬂuﬂﬁﬁLﬁaﬂuuﬂauﬂauﬁmmﬁmauﬂWﬂ1ﬂ
= = ' ar ar as ¥ ar L =
HQﬁUﬂﬁaﬁﬁmmnmuﬂﬁﬂﬂ(fCP) NuAnA 9L (f1 fiv f_ uaz f1 flu fa) WARIEEAS1E2UAS LUABY
=4

ar o ¥ =) = = L - a LA =
wiav LAenfiy nhlnladganuianm (fo) nAud asuudayly Loy Liga fivnagavnns 1dasuuday



HEWLETT-PACKARD 9270-1023

25

» e <
jﬂﬂ 3.6 uﬂﬁﬂi“ tﬁuﬁqmﬂmm’mnnuﬂ‘ﬁﬂaumﬁﬂﬁ}uun:mﬁmmuifu Tﬂﬂ

. b ] ar ' ar
Foyonaiamnuaazdugamua aan luludasazate q Ay
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v ' ' e W
2P INRANATINTE ULAZATTUIN LIRNUANEYYINE DU LANATVAUAIY
= ” nll -
37U 3.8 (2) wuaxr 3.8 (4) fwuun1s Ldapuudavuaadggrasunn AuANE
=l - - ar & - ¥ ’ ar

yavdggiau®nn (fCP) Nniiaunuy (f1 fiu fE) UAYA LSuANYaVAggaMATA T uA AR TNA DA -

[ i »
wuvdngranuanateiu luaas

31 3.6 (5) udavlniudogiaiaiynidnnsaay insoduuas tiagunuiuiiuan
L] .ﬂ . ‘J L4 gﬁ - | i
atveanly wazni Innswulredggnaidasulyars g 1dunaannns wdsudasueudgg ountnn

Toedu f uwas f
a 5

3.5 nsasuAsunfvdggiadevalsniinianuIinn

- o od by W ar o 4 » «q >
AsAtuAsuudv e In ladgoaldeendufuuastegnreauazda iauni lalasnns
4 = ol Y L T - - - .
BuTlaslud (s1vaz1duagluumil 6) 5=navaIud IETUASUURVUASATUATNLRY NSNIvUTBEYAS
s ol G L — - - < 3 L . | -
AtuasuuRvaldnpus Lou LABITUANSTUASILRY  audganomgatuasuudeuaninuni  uduaadu
Y., ! = = & ar s [3 » -l - >
wninfivaupavatuasunde aatudggndenailazgninu (Store) waluiinianus inaatsainy
=) P> o e s - v
o avdggInun NI (fCP) AiA08 LALIAVANTTUASUDRVIUASY 4096 Hi1AR uazan Ldaudon
P L Y . z e = P P al ' . P | - 3
faulaluiia LnnuS Lnetduaanalsalnv iy avdagnauIRanda10a in dvyasi i Reudagadunn L iy
ol o - 4 o)) B ° ¥ oy - as
o1 L Tuiia canw3 (o ludrusuasyudsuan a0 n ladaghafundoun
=t e\ . ) ¢
sHvnIsTUASULRsIUNS s Tasasu v vy avdggndiuynesn L Ju Lsn Loun uad
. i =y £ - o ar  as LI | z
TuuAaz Lgn LUUNITUASUUR VAT BATSABY InsTHunS 2 LaATunuduaduiuluagnens sy inszasiu
P = . - e ¥ o ol o ' o
TunsfAduasupisuAaas 130 Lundwisanszni la lastReuanansi Lon LuunAvAaANIQRTUASULRY
AIBATSADY LNSTHULA ATUASUYEYA8AS LAATUNLDY ¥ Da1ARSENTUASYLEIAIBANS LBATUNLTY
- ﬁlv » .AII L 3 v.‘ . .
UNATUASIUAVAIBAISABY LnSTHY Aasdadufieniu Tasaigraoy instdusssdasidiu 1 Ae 2
-U " L] - lv "d
finevLBatunuiunisdnsdiu 2 Ae 1 uazdasidudvnaniaaviaufiuasdygrauitan [fCP)
.II' Ila e g ¥ . LI .v -l ‘l't‘
wnfin o1 luvguty aznh Inanswuavsavdggialugnaavaiy vhlenrsAguasvufvfianann
» o ar ° - - -
a1ngU 3.7 udavln tiuahiivnnsnhviuyavanstuAsyuEe wazaNSATUASILEY
— - > J
51 3.7 (1) dygwduyngainu(Store) 1u Scrambling BBD aawaatwdway
' e ol ~ a ' » -
Haguufan inniy f1 Tunnzi Descrambling BBD #Hulufidagruiun Tasdagusuymazgn-

] [
nuv a0 b nnfy tD1
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3U 3.7 (2) damwiignifivlu Scrambling BBD Qn;ﬁau(shift) 28ANIY
toyn lunziidugiada Tndgn uivign Scrambhling BBD 51ﬂn11uﬁuauﬁéq1mu1ﬂhq;ﬁqﬁu fa
@au Descrambling BBD ﬁa:%ﬂﬁm@ﬂmﬁgntﬁauaaﬂaﬂﬂ Scrambling BBD masalnud 1fuqfiu
flade 92 tuIdggraduynilgn vl aaearud f uazdaayaannlisAud f, o fz uIn-
A7 f1 Feasnir v tians Laudray insoduiy uasdgenadunniuazgamuav a1y ina i tD2

39 3.7 (3) lusuwaw Scrambling BBD azi1finTg¥ns e iAnafugy 3.7
(1) Tasihudggnadunnia Ind wazi8audfggafisgaislussnainarud f1 dvazninfanas
taABunUiuty sy Descrambling BBD 22 1 8audagaduyniIus neanalsAILE f1 nalnla
dogna funfvunazaiyalnud (s duil naz inudgaad Tvuann Scrambling BBD WIwIAI

o =L o o LY |
FTULANSN N IUYDIANSTUASULAVUAZATILASUURAYI S I.ﬁ'l-l LTUURA ﬂ‘ﬂﬁ1ﬂ

= - 4
3.6 L3a19muiv ldluszuunenun

> i 2029251} 5 P
nuruamAsnIIulugln 3.7 1NN Ladgeafunduudggina s

. o ) ¥ - - !
ganuav Ll Tunrsguasuuiv innin tD1 waznuv LA ldlunsdguasuude iy tD2 ANFUNIS

(3.1)

1]

tD1 5 4096 X 0.5 T1 ¥ 1/f1)

1

t = 4096 X 0.5 1 y’ 1/f
D2 2 (5 (s
I S S *o o w “ :
tWsnzazidu anfiodn animulvlylus suvansaviatasun. dggnduynazgamuav taanlyluss

Z | S A s - o > o
vunvnuminndy th + t indu t Ao fpusdugunsimlulageil
D4 Do DT

tDT = 4096 X 0.5 (Tx + TY) sl B T2
o = =. =
Tasn TX = 1jfx . Ty 1/fy # X #Y

! = P
MnEums (3.11) wdeinaan iy wasuwaeTretiufviuds fx uas fy
~ & £ A s 3 o) o g ¥ = - =l
Avliunnasen L UAsuiasiansasy L nsTiuLa S LBATUNLTY uanz A’ Inanuivavilaugadurn LUdsy
LSRR e Ae ¥ ] _— = | > . 3 - v .
wdavuardunii ln taan g lunsnunedggnaduyn Ldsuudavers asvlsAruieuta1ansnyae

o Ll - » d ﬂ. - q'
et b lus zupasnhiaushagransSuienny uan tiuns RSt ANBn Ny 89S TUASIDEY -

- -t x
LAasATUWASULRIDEI9UIN
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-

dq ¥ aran.
3.7 2vasnldluntedfiia

deg > ' T
2vasiloviuuyvaanidy 3 du Alwfude
- Scrambler
- Descrambler

- Clock driver

L] L] nl » » L]
TusuvavnssuasvyianazAguasuude 1o MN soos Tasiawmnldesvusuns
ar " ¥ g s - T SN Jd -
tDuiiviias (buffer) TasTuiidnsianswensiiissianuagneiiiidavanifiansaansu (@ttennua
. v] '&-. i‘J > L] --‘PU\
tion ) wauiggra wazdesauniinduiicautnataiaymanasais dau MN 3101 Taawmsuiu -
» L4 s B e '
MN 3005 Tawianizdelons wdsiaas (dud Lasus sivdaanasinduaivauiivuiadoya 5 -
l a4 = ™ o . ; ar o
Vp puﬁtﬁu 15 Vp viadauIndivaadunnuey MN 8101 dvudrelugin a.s
. ) ‘ L 4
an3yd 3.8 3w (summing) Hgnwsznaaw OUT1 waz OUT, masAaw
v gidebabiubdan \ap |/ o o 7 i
Atuviy 10 K@ uwpudSuanla (favSussivyevdpaadads znaui OUT1 uazs OUT2 Tnils eiuy
- - er =
thgaiudvlugun s.3
3.8 HANISNAADY
o - - o o o
27030 3.9 (1) duassuAsuudvuasAtuasyuFedarnmadsuiinauanieTas
. < ol
A - (Dudggaduynnalufl 500 Hz
=l = e
B - idufngnaiignAtuasuydvndy
=) - O e =
C - (Duffggiafgnrsuasuuivainnisnay tnsTiuaduiunis Laarunuduanud
- . . ' o w
AIEHASIEIY 1 AB 2 WAL 2 AD 1 ANUAIAU
y ¥ g e o o
diugd 3.9 (2) udavinnudnpauznaviggiu dyen iufsuudaslyTasnisouasy
=l =l ar . P - =
vavuar LAauulasnauAlgn1SATULASULRY
A - Dudggudes
) o e
B - (JuFfgguiignfsuasuudvndy
< o
C - (DudggrangaouAsuuiv

e A ¥ ) o
VT HUIN Nﬂﬂl AATAANTITNANDI tﬂumrm Ei.lﬂ
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1. Wadnawnes (Phase detector)
2. Taiwnaflawmes (Low-pass filter)

3. VCO (Voltage controlled oscillator)
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2 x X Ve o ol o -
anfiutda iy w,. Junrsasaaztiusgivadtudwnsaves VCO faziufsuarwdly Tasiinaiuain
1

‘ s " g N "
#u (s1ope) wavansiuAsuudavsznitvalnudfudnaialuay . Vd(t) iy (KO .
0
Conversion gainyse YCO findawdu radian second volt) waz.iilsiu w, Tuaufeaanud
gusnaty - Wy AnAanAIuAy o Vd(t) aziiAdna udue gus zatus ss dgraduyn luauns ite w,

oz v ) - & - P I -
ni¥uaniuaranaluddyginduynasunnaz iiniginstudnfouanvlugy 6.3.2
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]
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gula Tasnnsdae free-running @ VCO wazguazmaususv tanizaluisviygiaiey luniv
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NN w, f o, w58 Ll iviituayfiv 19pulaiangu i Suaunlunisaaanisly (initial

state) lumveidfifi nasloviuvsviraasagdlasunaaennsVCO AfanmuiiEnisudasinnn 1y

T =~ b P ya v *1 « q
AdLANT Fnpas 0w LB LdusEIuNeSYAe | LipYs s Tasu lunnsAusesdagusunn

S » . - > - . J‘J- -« .
6.4.3 Rdsnnsizngatazasa (Capture range) fisnulazn Asfidualudndguananvagiiaaiud

al... o = = o od& v, o A = » ar
Suaupae YCO(Aampinud free running #dula) masafideiguaiuisafiv wignisasaiudyga
- ¥ o B & o X = P Y > " O "
duunla Aidwansizaganazanansa Capture range i aaaSenZnawwnilean “lock in range
ar ' - w, - A -8 g as " g ' =
fla v idunsinadgandunnazaaviaiualaatAgeiivguanaie VCO NOUﬂHUBHLﬂ11ﬂ§UQG

fvipagnnazasala Lock in rangeifasifiun3enileuas Capture range (wisimiiy w.)

Lock-in range. : W = W=,

Capture range #alaaniduminudla q #laganalu Lock range uaziuay
Huwey lunwselaiwaia tnasiudns e suaegd (Closed - loop - gain) wavszuy Fvarnw
aﬂnﬂﬁﬂﬂauQUTuﬂﬁstﬂﬂ:ﬁuﬁuﬁmmﬂmﬁuﬂﬂﬁa:tﬁuqmﬂuﬁﬁﬁuﬂﬁuﬁuﬂﬁﬁtﬁaﬂtﬁu (Selectivity)

ol >
AduNYBvgUAY

6.4.4 winlunnazasn (Lock range) @sfiduaqnuiiifiguanatvagiiaiud free-runningaasna

adoiiguanunsanius spdaugnadunn la lusnsiiguay lunnazasa Adslunnazasanda Lock rangeil

anai3paln "tracking range"unsa "hold in range"fladeiiArnumuasan Awfluoeglaiuise
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azlnawveanly (deviate) anﬂﬁ11nﬁguﬁha1olﬁtﬁ1lﬁ tracking range wn3s hold-in

range asziian uluaunilonse Lock range ( wiaimiiy w )

hold-in range : w = w, = w
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aguayluaiizasn daaAanacAloy | Ve(t) B9 1finanuarvnBavA2 I

o - ) [} -« o, > P

fay, = mo) #iddapun1s1 tAns a2 L0udnan Inase wazaziulamaiawmeslulansue  Aeldu

1

o ar ¥ - . -V [

Lock range a:qnawnﬂlnaﬁﬂwﬁunauﬁﬂﬁﬁﬁaﬂnLﬁﬁau : Ve(t) 2qazdusadiangegauazai -
I 4 _q¥ L dd gy " - ‘
gnlanla ilsingaananeiivnislnayaearuan VCO deiu Lock range Joidy A% - wasn

-

9iwmas (D.C.-parameter) ﬁaﬁn@uwﬂua:Tﬁﬁﬂaaﬁnﬂau1nﬂﬂauia5w1aﬁatna€519

A - J « L
6.4.5 Han Lﬂﬂ?.l‘l-li]"’lﬂTa"lﬂ’lﬂﬂﬂ LABS

¥ X o e £ " % o
Tuszuuiddasagy nuianugwawmSulanaadlainasi 2 aunv As

- AspuA LD guRpanv N NgABINAS LAas LY T lgaaduiilunisnhiia
Faanamaaunsn (Interference rejection)

- PwmnAdindaufiy “wdagAaluInszesduT (short-term memory) niin
gu e Tugundu 1w Capture Hudaanalalnydniui a5 suunanatanisasailavannifggnn-
sunauiiiasta (Noise transient) ﬁawaLﬁnﬁﬁuuuﬁﬂﬂa01a5ﬁ1ﬂﬂazna%ﬁnadaﬂﬂﬁnﬁuﬂuﬂaa
szupyn tiavannlatnnaiatnasaziduiiandnanaatn LAfioy Ve(t) fiArnuigeay uaz
s:nﬁﬁﬂauéﬂs:nau1ugﬂﬁvuﬁu ffuiiv Jusuahdglunisasuauans Capture uaz transient
response navgylasasunis

- & - q ¥ ! ar o
Fotiun1saauuuIauoeilatras MuAvavasavaa ludun1sniviunevgd As

- apouans Capture azfmaswasz pull-in timeazifiuiiu
- Capture range azansav
- posui@ Interference - rejectionvavguitiu insnzAnannana adau

tAinannalnuduse Interference azgnaaly
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- Transient response ﬂaugﬂﬁaﬂﬁsLﬂﬁuuﬁuﬁﬂauﬁmm1mﬁuqn1uﬁ1u.....

Capture range azagnnsladnvuzganuav

6.4.6 NISNMUABUAUNBY LHARBARY

ﬂﬂﬁﬂﬁwunﬁuﬁuuauLﬂﬂaaﬂﬂﬂﬁua&ﬁu5NEUﬂauTa{ﬁwaﬂatnaéua:ﬂﬁﬂﬂaﬁLﬂa
AinAinpsRly amSuSuiunae inaasAgUi 1y iiad tnataas gUadulouludifazaaiiiine 2 Sudy
sulaun

1. iHdapAguBuiuinie (First order phase-locked loop) szuuuay
Lﬂﬂﬂaﬂgﬂﬂzl%ﬂﬂlﬁ{ﬂLﬁu@ﬂﬁuﬁﬂﬁ“ﬁﬂﬁﬁaLﬁﬁldﬁ@ﬂﬂﬂLﬂa%ﬂi:ﬂﬂutﬂﬂ falustil 6.4 v

o« « . = P
nsudtiasieiu isuladu

H (s) = K/ (s +K) s s (6%1)

uaz error function fa

Y- Soto—., O/ Sl \N) ve.(6.2)
PHASE
—
DETECTOR
A
VCO

51 6.4 First order phase - locked loop

2. Waasnguiuiuiiaay (Second order phase-locked loop) sananas
Answuan Lﬁaﬁ:uuLﬂﬂaaﬁgﬂgﬂnquaﬂnﬁm@ﬂmdﬂu I guﬁuﬁumﬂua:1ﬁﬂﬂuwannanauaﬂ15 A2y
LwaﬁﬁﬂﬁaoLﬁuﬁuEUﬂaugﬂﬁu1ﬂLﬁugﬂﬁuﬁuﬁaau Tagtivavas Taswaitawaas il lugy @ msy
RC - Tamranaimas #egd 6.5 @ RC - TaTnnafatnas dns ud iasieiu iy

F (s) = 1 ...(8.3)
1+ + SRC
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-l L v 0 ar d ¥ »
LHSA sasiiusnunse L sunsududasie fusmivguad RC - Tamafainasta iy

2
H (s) = K/ (K+S RC + S) ...(8.4)
waz error function aw3uguidu
2 2
1 -H(s) = (SRC+S)/ (K+S-RC +S) ...(6.5)

PHASE

DETECTOR ‘—lj'—T-'L > 1
T N

VCO

=l ar as f * o & -
507 6.5 szuuiddaIsAgudududavidy lanaflainas 4 ns eI Ay
=
dun1sh (6.3)

6.5 A1SANWLDANAS IUnIURiR

nspanuuylun1wsufidAls NE se7 TONE DECODER v \iluinasangufuiuday

figuRataasuuy RC - ifimi39a Tasymz#a CCO (current controlled oscillator)aandiy
' » - o o . o>
ﬁuﬁmqqmﬁuﬂmnqa?uuuu?ﬁﬁnﬁnuﬂm1HTa1wqaﬂaLﬂas wSanqely Lock range ainqmus azwviin

\fin logical zero state #camm selaudnununannisnivinlalugyl 6.6

s i . v e p
6.5.1 AISAIMUAATATY 9 pavdlui lod inadanindan

° ar < ° -
AnnAUAINANSnIvIud lugun 6.6 1sadwnsan vua CCO uazupuiavey -

o -~
Taanafawnaslaan

i = 1.1/R1C1 cxsl{B:8)
BU - 1070V Vi/fOC2 vOu % wav fo ess(6.7)
pu | - -
Tawn Vi = Ananduyn (Vrms) s Vi < zoomv
» = Tatwaiawnasaitn@ians  ( uf)
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M . L] v, XN
TunrsnmuaAiaie q naagyladsil
° » oy = * = |
1. nwmua CCO Infiamnudduenanvivszunn 2 KHz ainsunns (e .8)Liin
< b ™ - ' ]
nazIndaruiafissnivgamgl R1 parsaziianlurie 2 - 20 K
o - “ . » o<
2. namuaguilaiaasiiainlauvuiauae Capture range dszunw 10 %

o - =4 ! e » » [] e Tag '
yavAlnudguinate Ty 2zoo Hz lasasuans (6.7) Tagmsnivulurrvuuuianenaid
azgaaavida V. < =zoo mV

1 rms
s o e o o - ﬁ al o as
3. ANSANUA C3 FmSufianes Anvausnd tnatuuuu tian 1 Iadggnasy -
= = . 4 ‘. > . =) -

naufigaaunsnuniivtaayw (spurios output) a1 C_ fiannaw tiulyrlnuiuani inafuunuaz -
i - > 1] » Py . " d’ i
angiomnln ON uaz OFF lugnmswuazifin turn - on transient waan C3 fianunifiuas
. ‘ ' ol i . & b, - ! ! Vs ' L4
LAannsvuaeitiamnunnifiuly iwsnzaziunis loeou €, Azsaziian iy 2C, (uasnvuay

as ! ° o ° »
asUSuuavamsuasui lulavunee NE 567 (2 AuuINg 7)

» - - - - -v -
1. assdudggradungngeiiuly (uvaanl 200 mvrms) azn Inuouialu-
- o - (¥ - o ar ¥ - [ & o s ar
A58 (nad LBy SvatnevdnnsehAndggianivaudurn FendnaiTen el As ansanfindggna
L - 4 - X ° iq ! =
aznaleiin du-zaslufiatie waznaln NE se7  falqwlanadoggian fols R fofs.
ar ) =1 o & o -
2. NE s&7 sunsnazasaiiuiggianalnud (2n + 1) fo AutunAIABUNN
- ™ » » L L2 J J - Y
Fvaa Liuapvlalatwrafainns «Honsudggnanduansluiia
o e = - ' i X X
3. lunsuhlyloerunuouidauay 9 ATAIVVDY C2 uaz C3 FzuINNIY
A o » 2l gt . q * dq ¥
tile L JunnsUSudgunieanuiggnasuniuuazaanaudagianagusnuou Foazmnriannlolunns-
o > v ik . Yo ¥ > dgq *
ABUEUDYNISNININTIaY wAaanALanwn galuda (bias) 13lnaga threshold uad e ly
ol ar L8 Lo & Lt ar
luans turn-on swiseftazySudgelunsvauaslnidtiu Tavauau (Shunt) admwaumuiy
- | F-1 - »” ® ] ar . o e . o
C3 aelaidoulefiazniin NE se7 aqwasaniviulaissfudggraduynininan (1o mVrmS nia

oot > S ‘ o
A%n31 A AUBYannTmuA luanALuInl 7)

a LA O > =l e e a e e
wivarnnsuSuuavualnazladvasivilyloeruaiedegun 6.7
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PROCESSOR @ 4 MHz
7Z-80 A C D CLK.
CONTROL -
SYSTEM
< o
ROM I/0 PORT
UM W
BASE KEY SETTING O/P
y Gl Ty

ngY 7.1 uanﬂuﬂuﬁbnﬂsuﬁu{uﬁaﬁé1uﬁ1uauu1:nau1uﬁauiu1n1Tﬂs
(B LTS Z-80 Fo tiuiia Taaenaniviuludui TasfdsuildianTusunsainauaunsnio
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dm3uszuuduynuaziayn (System I/O_port)1ﬁ g255 @9 1duPPI(Programable Periphe
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i - - — s [ ° « ¥
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7.4.2 1USunsuAlIuAYNISNINIY
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Aspanuunntsnie I ududadinsusnsntey o aeaiuTnsdwr w
ﬁuﬁ;ﬂauaﬂﬂﬂﬁswﬁu1uﬂaa1ﬁu%ﬂ—w11uﬁa§tua€-nga lauia-1a8 (Hybrid-transformer or
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8.3 2935 laviu Tun1vufii
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- 2933 Telephone line interface @iuiinafiugsraTnsfnlonstug
W3 LuasnTFAs 1§y N1/N2 iy 1 §A1AA UL LAY 600 wazduiiuaug 1 KQ
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- 2935 AUDIO I/P waz AUDIO O/P &-uwaw AUDIO I[/P uszrau
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AnduDAN1Y LnAliA

(Technical specification)

Crytographic

- nafia( Technique)

W3iAudraunsodu (Frequency compression) adufiunsiaauf idng
wnufiu (Frequency expansion) Jugnaidevsisiainmusine (Bucket Brigrade Devices)
AavAunsTuasuuavaas lulasn) s Lodcras auaugtiuny (pattern) wavnnsasy inssduaduiy
tiatunudy N upy wazdnuasadaatdu  (Reordering) aawansaduatiu (Permutation)

16 n! uazuhnasdnaiiiuf lavredaulusunsualy EPROM Syanunsaadunisinardulngnisnis

vUdsy EPROM (es0 aqdus™miy 2 K EPROM , 2oo00 @ahéu w3y 4 K EPROM uaz sooo an
puamiy 8 K EPROM) wazsrwasanivuanuiauay
- suianiglunisdnda (Base key setting)
dusiid lunsAnAouaazAS g 1nT I NG L 8y (Thumbwheel switch) Tas
LAy iAunnsIaatdui laaanasdduaify s so ! igufu (950 Lawnunsdmiy 2
K EPROM , 2000 taupune d@wmsn 4 K EPROM waxz sooo itawvuursdt sy e K EPROM)
- asvivuduuuumeL@en (Simplex operation)
‘-.' h g A, 4 0w 2 P =
nsAanas snaeiu ldnad* msSoya (push to talk) wazdaswiiiana vl
Electrical
- nnsmaudusvazufl (Frequency response)
T 3 dB # s00 Hz waz 3000 Hz
- szuzirafdunsadelasludla (Time to achieve initial syne)
- o = A =
1 Ju i lagLaluidaga 1953 HZ + 100 Hz 1 S/n - dB
. [] !
- gaviranuavansudedannaluszuy (System delay)
szgziraNinueAndgn 1z2.8 mS
Szyz 1A INUINEIHR 307.2 mS

- 58a1s8vTaslug (Synchronization modes)

one shot 1953 Hz Waglasldinaaeagyiinaines
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(The rating of understanding in secure voice communications systems)

- & g - i o 8w o X o
inzunuienla TsvAdssnauiahdgiei fa
- e .IJ -~
1. UszAnSamwavansdadns Taw 1 Jueliuagivauauiivainys sansuavssoy -
tdwviBelvdn (Electroacoustic) uaziausznaviawizniediannsaiia (Electronic para-
‘d X =i - 2 d = o o
meter) wavgunsuiiuszasviiuiiuirdasiiedesns (nisnouausvAaaudl drvuwuiafiahinan -
. . by - X - ar . ’ L -
ATUNUINTILANATY AUAA LHBUnSansgaunsn dnsidiupasdggnamanissuniy)  AINsfugw
. - . o ! w a ¥ Z » iy »
Sarazuaens 1 Ly an3aan LTsvu DI UAR EYAARF MU IYASIUNIAIIUAL LABAD LT IUAZAIY L1
L A Y e e ¥
TaTuzaasilauamSugile
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PROGRAMMABLE VOICE SCRAMBLER

Ly

pp@2

BPP4
pppe6

Po@8. .

PPe9

PRBA
pppC
Ap¢D
PPgE
Po@F
go1p
pp11
pp12

$913
BP15
P16
gp17
g@18

#p19

3E 5E

D3 F3

DB F2
E6 7F
B7
67

DB F{
@7
¢7
84
67
@F
@F
6F

DB Fl
2l
gF
@F
5F

3E 1E

S 2 2 2 2 S S S RS M SR A

START:

- CONTROL PROGRAM VERSION 1.1

- 2K EPROM (UP TO 64K ROM

- 950 PATTERNS (UP TO n!)

- HIGH FREQ. DATA (50 kHz)
LOW FREQ. DATA (10 kHz)

— BASE KEY SETTING 6 DIGITS

START PROGRAM ADDRESS @@@@H

LD

oUuT

A, COMMA

(CONT) , A

>

b]

e o e 2 S 2 3 S S SR SR S R R A

CONTROL PROGRAM

Load command to PPI set all ports

fo-i+p porth

Ja00E —~te PBPI.

INPUT BASE KEY

SETTINT FROM THUMBWHEEL SW.

IN
AND
RLCA
LD

IN
RLCA
RLCA

LD
RRCA
RRCA
LD

IN
LD
RRCA
RRCA

A, (PORTC)
A,TF

H,A

A, (PORTA)

AH
H,A

L,A

A, (PORTB)
D,A

3

3

: Mask MSB out

Set higher byte address of
pattern pointer.

Set lower byte address of
pattern pointer.

: Load command

to PPI set port C



' PROGMMABLE VOICE SCRAMBLER

pp1B

@@1D
@P1E
PPLF
pp21
pp22
Pp24
?#P25
@927
#p28
pp2A
pp2B
¢@2D
@p2F

P39

Bp31
$p33
@P34
@P35
Pp37
pp38
@939
@938
gp3c
?p3D
BO3E
@P3F

D3

19
iC
E6
67

B8
29
7D

B9
3¢
C6
6F

23

DB
uJ1)
SF
E6
S
7B
E6
@F
@F
oF
gF
87

F3

@7

09

@9

99

3
99

F1

@F

F(

ALTC:

CON2:

CONTROL PROGRAM

; upper for output and lower,port A
; port B for input.

OUT (CONT) ,A ; Out to PPI.
BASE KEY SETTING CHECK

ADD HL,DE H

LD AH S

AND A,Q7H ;

LD H,A 5

LD B,99 .

CP . _A7B g

JR . “NZ,ALTC :

LD AL .

A —— ¢ 4 ;

R I028NC :

AERLLLING AT C b

ADD = A,90 :

LD L,A 3

INC HL ; Alternate HIGH FREQ. and LOW FREQ.

s DATA.

INPUT FRAME LENGTH FROM THUMBWHEEL SW.

IN
NOP
LD
AND
LD
LD
AND
RRCA
RRCA
RRCA
RRCA
ADD

A, (PORTB)

E,A
A,QF
D,A
A,E
A,FP

AA



PROGRAMMABLE VOICE SCRAMBLER

pp40
sl
P42
B043
PPL4
PP4s
P46
48

3949

gpac
BR4LE
gAsg
P52
p@s3
PP54
BP55
@@57
Pp59
PE5A
P58

[]/51e
BOSE
ga6d

g6l

#963
Pp65
pp67
Po68
pp69
BP6A

5F
87
87
83
82
87
cé6
4F

11

DB
CB
28
13
13
13
CB
28
1B

1B

3E
D3
46

19

3E
D3
1B
7B
B2
2¢

38

90

F{)
4F

#1

77
M3

kP
F2

FE

FD
F2

F@

FRML:

10 CLKP:

A2:

CON1:

HERE:

E,A
A,A
AA
A,E
A,D
ALA
A,38H
C,A

3

CONTROL PROGRAM

Load constant for_set FRAME.

; Load FRAME LENGTH into register C.

GENERATE CLK. PULSES FROM FREQ. DATA

INC
INC
INC
BIT
JR

DEC
DEC
DEC

DE, (BBDST)

A, (PORTA)
1,A
Z,A2
DE

DE

DE

6,4

7, CON1
DE

DE

DE

-
3

Load number of BBD stages.

_—— ———— — e ] e e e e e e e e

e

Input data from FINE SW.
Test FINE-SW. for FINE +.

Increment BBD stages.

Test FINE SW. for FINE -.

Decrement BBD stages.

LD
ouT
LD

DJINZ

LD
ouT
DEC
LD
OR
JR

A,FE
(PORTC) ,A
B, (HL)

HERE

A,FD
(PORTC) ,A
DE

A,E

A,D
NZ,CON1

Out PULSE HIGH to PC7.

Load FREQ. DATA into register B.
addressing by pattern pointer.

Adjust PULSE WIDTH by data in
register B.

Out PULSE LOW to PC7.

Decrement number of BBD stages.

Check number of BBD stages.
Yes, go to check FRAME LENGTH.



PROGRAMMABLE VOICE SCRAMBLER CONTROL PROGRAM

CHECK PATTERN FOR HIGH OR LOW FREQ.

gpec 23 INC HL ; Increment next FREQ. DATA.
@@6D CB 45 BIT @,L ; Check HIGH or LOW FREQ. DATA.
@per 28 17 JR. Z,Al ; Check pattern completly.

; Yes, go to check FRAME LENGTH.
; No, go to continue.

CHECK FRAME LEGTH

@371 @D DEC C ; Decrement FRAME LENGTH.

@p72 2 D5 JR _NZ,CLKP ; Check FRAME LENGTH completly.
y Yes, go-.to check next pattern.
; No, go to alternate CLK. PULSES.

CHECK NEXT PATTERN FOR NEXT FRAME

pp74 7C LD 1 4AH ¢

@75 F6 F8 OR  A,F8 :

@p77 2F CPL :

$p78 BT BR--LLalds g

@379 20 BS JR{ \NZ,ALTC £

¢¢78B 7D A ANy # ;

@gp7Cc F6 Pl OR~ A,#1 3

@P7E  2F CPL $

@@7F B7 OR  A,A 3

pP8H 20 BE JR..  NZ;CLKP 3

pp82 21 9¢ @9 LD HL,@¢90 -

@¢@85 €3 31 @@ Al: JP  CON2 :

Pp88 2B DEC HL 3

$p89 2B DEC HL ;

@P8A C3 49 @@ JP  CLKP 3
KRAAIRARARIARALRARARALA R AR AR AR hhhhhhhhhhhhhhhhhihrhhhhhihhk
CONT EQU F3H PORTC EQU F2H
PORTB EQU FIlH PORTA EQU F@H
COMMA DEFB S5EH COMMB DEFB 1EH

BBDST DEFW 1@@¢H
%%*********************************************************

END



b

20010 =E
Z010 OF

0]

=

Pt dm)
A
)
o

rf..9

2 3

2020 07 &7 O » 30 0 C& 90 e
23 » OF OF € fouii

5 k=4 = i |

J
()
S
am
Smde—

L
N

amn

ﬂ
mc
nT
LS TR R TIO0 M

GMI 0T
CITINGIRIN TN

TMMNooNmNTmn

ot
5

-

T 2 OMONS TR
IS o AT Fe T To R0 1 o)

PRI s |

3
Ecaaiy

7
T I B BTN | § 1 TR gy

P N P R )

FatoN

L T

A3 = ]

p=s i b
—

I T T T SR U

ol

T
[ R

IS 16
Q2 ab
0q 10

!
A

)
2



OF

QO

3 OE

10

T 02 05
o 0O/

0z
04
01
01

OB 04

04

2 OB

0Oz
01
OF
10

04
10
[8)8]
10
(#1
Ok
[alu]}

....... DRI
.......... e nan
.......... e
“e e s e
T
sr e s e e ereranmas
D IR I
ses s e s s rse e raman
R L
...... T
. e s s asan s
.......... e
s s e DR
........ ve s esme
S e mean s es s
..... s es s e anea
. s s sasans e
L
D N I
s s s s st ameses
D .
............. ..
.
.




¥

UANUNITAN

Uselew

S

Talaugalntildl

[
&Y
q U

Fuiian1sAnwILINIY

19

FANNSUAS

1

o
N&IU

&z
wnasutduLengns



SUMMARY OF LOW-PASS SECOND-ORDER
FILTER DESIGN PROCEDURE

c
11
1
R, R,
DA/ V
r
v, G |17

General circuit.

Procedure
Given f. (Hz), gain, and filter type (Butterworth or Chebyshev),
perform the following steps:

1.

o

Select a value of capacitance C, determining a K parameter
from Fig. 2.10a if f; is between 1 and 10 = 100, from Fig.
2.105 if f. is between 100 and 10* = 10,000, and from Fig. 2.10¢
if f. is between 10,000 and 10° = 1,000,000 Hz.

Using this value of K, find the remaining element values of the
circuit from the appropriate one of Figs. 2.11 through 2.15 for
the Butterworth. filter, and Figs. 2.16 through 2.27 for the
Chebysheyv filter, depending on the gain and, in the Chebyshevy
case, the dB ripple desired.

. Select standard element values which are as close as possible to

those indicated on the graph and construct the circuit.

Comments and Suggestions

The curves are designed for 35 standard values of capaci-

tance. Any intermediate values of capacitance may be used by
observing that dividing the capacitance values by a constant k
multiplies the cutoff frequency f, by k. The resistances remain
unchanged. This procedure of changing the capacitances may be
accomplished by interpolation on the frequency versus X params-
eter graphs.

If the op-amp to be used has a low-input resistance (less than



K PARAMETER

102 10

G & N ew

10 10

o & N o

250 k{2), values of K from 1 to 10 give best results. For higher
input resistances (like 1 M), K values up to 25 are acceptable, and
for vepy high input resistances, such as those associated with FET
op-amps, values of X up to 100 may be used in most cases.

The values on the graphs for R; and R, were determined to
minimize the dc offset of the op-amp. Other values of R; and R,
may be used as long as the ratio R /R, is the same as that of the
graph values, Standard element values of 5% tolerance normally
yield acceptable results, but for best performance higher precision
elements with values close to the graph values should be used.
This is especially true for the higher gains where the element val-
ves are much more critical.

Finally there must be a dc return to ground at the filter input,
the open-loop gain of the op-amp should be at least 50 times the
gain of the filter at f,, and the desired peak-to-peak voitage at e
ghould not exceed 10%af. times the slew rate of the op-amp.

A specific example of a ‘second-order design is given in Sec.
2.3,
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SUMMARY OF HIGH-PASS SECOND-ORDER
FILTER DESIGN PROCEDURE

General circuit.

Procedure
Given f. (Hz), gain, and filter type (Butterworth or Chebyshey),
perform the following steps:

1. Select a value of capacitance C, determining a K parameter
from Fig. 3.6a if f, is between 1 and 10? = 100, from Fig. 3.6b if
Je is between 100 and 10* = 10,000, and from Fig. 3.6¢ if f. is
between 10,000 and 10¢ = 1,000,000 Hz.

2. Using this value of X, find the resistance values of the circuit
from the appropriate one of Figs. 3.7 through 3.12 for the But-
terworth filter, and Figs. 3.13 through 3.24 for the Chebyshev
filter, depending on the gain and, in the Chebyshev case, the dB
ripple desired.

3. Select standard resistance values which are as close as possible
to those indicated on the graph and construct the circuit.

Comments and Suggestions

These are exactly like those of the low-pass second-order case,
excépt that the dc return to ground is already satisfied by the
resistor R,.

A specific example is given in Sec. 3.2,
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24 PINS BUS ASSIGNMENT

PIN NO.  (FRONT SIDE)

1
/A
3

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

PA 3
PA 2
PA 1
PA Q
PC O
P71
PC™Z
PGS
PB 0
PB 1
PB. 2
PBo®
RESET
SYNC DETECT PULSE
GND
SP

PUSH * (FCR RADIO)

RADIO/TEL
NOR/SCRMB

TEL LINE 1

IN

SP * (FOR RADIO)
DIAL 1

MIC * (FOR RADIO)

PIN NO. (BACK SIDE)

1

S ow

o

10
11
12
13
14
4’5
16
17
18
19
20
21
22
23
24

PA 4
PA 5
PA 6
PA 7
PC 7 (CLK O/P)
PC 6
PC 5
PC 4
PB 7
PB 6
PB 5

+ 5V SUPPLY
+12V SUPPLY

TEL LINE 2

TALK

SYNC SIGNAL

DIAL 2

MIC * (FOR RADIO)
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DESCRIPTION

The SE/NES567 tone and frequency decoder
is a highly stable phase-locked loop with
synchronous AM lock detection and power
output circuitry. Its primary function is to
drive a load whenever a sustained frequen-
¢y within its detection band is present at the
self-biased input. The bandwidth center
frequency, and output delay are independ-
ently determined by means of four external
components,

BLOCK DIAGRAM

— ———

FEATURES

Wide frequency range (.01Hz to 500kHz)
High stability of center frequency
Independently controllable bandwidth
(up to 14 percent)

High out-band signal and noise rejection
Logic-compatible output with 100mA
current sinking capability

Inherent immunity to false signals
Frequency adjustment over a 20 to 1
range with an external resistor

Military processing available

APPLICATIONS

Touch Tone® decoding

Carrier current remote controis
Uitrasonic controls (remote TV, etc.)
Communications paging

Frequency monitoring and control
Wireless intercom

Precision oscillator

NE/SES67-F,N, T

PIN CONFIGURATIONS

Rz
a9k
3 PHASE : 2
To— DETECTOR
Ry LOO#
VWA CURRENT L
INTROLLED) AMP
L] QSCILLATOR SN
€2
G = I
i | =
DUADRATUR . | AmP L]
L™ priase A
DETECTOR L
"

] [
€3 Output =
= Fitw =

wr

F PACKAGE
output 1] [12] Gro
cs E [13] N
ne (3] [72] N
cz (1] [11] Ricy
input (5] [10] ny
NC E E NC
vee [7 BES
T PACKAGE
outpuT

QUTPUT FILTER

CAPACITOR Cy GROUND

TIMING ELEMENTS
Ry AND C,

LOW.PASS FILTER
CAPACITOR Cy

TIMING ELEMENT
Ry

SUPPLY YOLTAGE *V

P
N PACKAGE
QUTPUT FILTER
CAPACITOR Cy 0] 8 | ourput
LOW-PASS FILTER
CAPACITOR C3 L2 3 :louun
IMING
NeuT [3 ] [6] eLements Ay
supPLY AND C4
1

ABSOLUTE MAXIMUM RATINGS

PARAMETER RATING UNIT

Operating temperature

NES567 0to +70 °C

SE567 -55 to +125 °C
Operating voltage 10 v
Positive voltage at input 0.5+ Vs Vv
Negative voltage at input -10 Vdc
Output voltage (collector 15 Vde
of output transistor)
Storage temperature -85 to +150 °C
Power dissipation 300 mW
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= __ EASESE

DG ELECTRICAL CHARACTERISTICS (V+=5.0V: Ta = 25°C unless otherwise specified.)

NE/SE567-F,N,T

PARAMETER TEST CONDITIONS L IESEE UNIT
Min | Typ | Max | Min | Typ | Max
CENTER FREQUENCY!
Highest center frequency (fo) 100 | 500 100 500 kHz
Center frequency stability2 =55 to +125°C 35+140 35+140 ppm/°C
0to +70°C 35+60 35+60 ppm/°C
Center frequency shift with supply volitage fo = 100kHz 0.5 1 0.7 2 %IV
DETECTION BANDWIDTH
Largest detection bandwidth fo = 100kHz 12 14 16 10 14 18 % of fo
Largest detection bandwidth skew 1 2 2 3 % of fo
Largest detection bandwidth— Vi =300mVrms +0.1 +0.1 %/°C
variation with temperature
Largest detection bandwidth— Vi= 300mVrms T2 +2 %/V
variation with supply voltage
INPUT
Input resistance 20 20 k
Smallest detectable input voltage (V) IL = 100mA, fi = fo 20 25 20 25 mVrms
Largest no-output input voitage IL = 100mA, fi = fo 10 15 10 15 mVrms
Greatest simultaneous outband +6 +6 dB
signal to inband signal ratio
Minimum input signal to wideband Bn = 140kHz -6 -6 dB
noise ratio
QUTPUT
Fastest on-off cycling rate fo/20 fo/20
“1" output leakage current 0.01 25 0.01 25 uA
"0" output voltage IL = 30mA 0.2 0.4 0.2 0.4 v
IL=100mA 0.6 1.0 0.6 1.0 v
Output fall time3 RL = 500 30 30 ns
Output rise time3 RL = 500 150 150 ns
GENERAL
Operating voltage range 4.75 9.0 4.75 9.0 v
Supply current quiescent 6 8 g 10 mA
Supply current—activated RL = 20k 1 13 12 15 mA
Quiescent power dissipation 30 35 mwW
NOTES
1. Frequency determining resistor Ry should be between 1 and 20k().
2. Applicable over 4.75 lo 5.75 volts. See graphs for more detailed information.
3. Pin 8to Pin 1 feedback Ry network selected 1o eliminate pulsing during turn-on and
turn-otf
TYPICAL PERFORMANCE CHARACTERISTICS
BANDWIDTH vs INPUT LARGEST DETECTION DETECTION BANDWIDTH AS
SIGNAL AMPLITUDE BANDWIDTH vs A FUNCTION OF C2and C3
OPERATING FREQUENCY
II’* { " w
=
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‘!_ 150 2
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DECODER/PHASE LOCKED LOOP—

DESIGN FORMULAS

( 1.1
: R1C1
Vi
BW = 1070 / in % of fo, Vi < 200mVrms
foC2
Where

Vi = Input Voltage (Vrms)
C2 = Low-Pass Filter Capacitor (uF)

PHASE LOCKED LOOP
TERMINOLOGY CENTER
FREQUENCY (fo)

The free-running frequency of the current
controlled oscillator (CCQ) in the absence
of an input signal.

Detection Bandwidth (BW)

The frequency range, centered about fo,
within which an input signal above the
threshold voltage (typically 20mVrms) will
cause a logical zero state on the output. The
detection bandwidth corresponds to the
loop capture range.

Lock Range

The largest frequency range within which
an input signal above the threshold voltage
will hold a logical zero state on the output.

Detection Band Skew

A measure of how well the detectionband is
centered about the center frequency, fo. The
skew is defined as (fmax + fmin -2f0)/2fo
where fmax and fmin are the frequencies
corresponding to the edges of the detection
band. The skew can be reduced to zero if
necessary by means of an optional center-
ing adjustment.

OPERATING INSTRUCTIONS
Figure 1 shows a typical connection dia-
gram for the 567. For most applications, the
following three-step procedure will be
sufficient for choosing the external compo-
nents Ry, Cy, Cz2 and Ca.

1. Select Ry and C; for the desired center
frequency. For best temperature stability,
R1should be between 2K and 20K ohm, and
the combined temperature coefficient of the
R1C1 product should have sufficient stabili-
ty over the projected temperature range to
meet the necessary requirements.

2. Select the low pass capacitor, Cjp, by
referring to the Bandwidth versus Input
Signal Amplitude graph. If the input ampli-
tude variation is known, the appropriate
value of foC2 necessary to give the desired
bandwidth may be found. Conversely, an
area of operation may be selected on this
graph and the input level and Cz may be
adjusted accordingly. For example, con-

TYPICAL RESPONSE

NE/SES67-FN,T

Input

Output

Response to 100mVrms tone burst,
RL = 100 ohms.

] P A IS

Response to same input tone burst

with wideband noise.
S =-6db RL = 100 ohms
N Noise Bandwidth = 140Hz

stant bandwidth operation requires that
input amplitude be above 200mVrms. The
bandwidth, as noted on the graph, is then
controlled solely by the foCpz product (fs
(Hz), Cp (u fd)).

3. The value of C3 is generally non-critical.
Cs sets the band edge of a low pass filter
which attenuates frequencies outside the
detection band to elminate spurious out-
puts. If Caz is too small, frequencies just
outside the detection band will switch the
output stage on and off at the beat frequen-
cy, or the output may puise on and off
during the turn-on transient. If C3 is too
large, turn-on and turn-off of the output
stage will be delayed until the voitage on C3
passes the threshold voltage. (Such delay
may be desirable to avoid spurious outputs
due to translent frequencies.) A typical
minimum value for C3 is 2Ca.

AVAILABLE OUTPUTS (Figure 2)

The primary output is the uncommitted
output transistor collector, pin 8. When an
in-band input signal is present, this transis-
tor saturates; its collector voitage being less
than 1.0 volt (typically 0.6V) at full output
current (100mA). The voltage at pin 2 is the
phase detector output which is a linear
function of frequency over the range of 0.95
to 1.05 fo with a slope of about 20mV per
percentof frequency deviation. Theaverage
voltage at pin 1is, during lock, a function of
the inband input amplitude in accordance
with the transfer characteristic given. Pin 5
is the controlled oscillator square wave

W W
INPUT Q) | * AL
Jur 5
567 9
1 l'
na
VvV 1

5
2 7
e
Low
©17T pass G
FILTER oL

Figure 1

output of magnitude (+V -2Vpe) = (+V -1.4V)
having adcaverage of +V/2. A 1k(1load may
be driven from pin 5. Pin 6 is an exponential
triangle of 1 volt peak-to-peak with an
average dc level of +V/2. Only high imped-
ance [oads may be connected to pin 6
without affecting the CCO duty cycle or
temperature stability.

OPERATING PRECAUTIONS

A brief review of the following precautions
will help the user achieve the high level of
performance of which the 567 is capable.

1. Operation in the high input level mode
labove 200mV) will free the user from
bandwidth variations due to changes in the
in-band signal amplitude. The input stageis
now limiting, however, so that out-band
signals or high noise levels can cause an
apparent bandwidth reduction as the in-
band signal is suppressed. Also, thelimiting
action will create in-band components from
sub-harmonic signals, so the 567 becomes
sensitive to signals at fo/3, fo/5, etc.

2. The 567 will lock onto signals near (2n +
1o, and will give an output for signals near
(4n + 1) fowheren=0, 1, 2, etc. Thus, signals
at 5fy and 9fo can cause an unwanted
output. If such signals are anticipated, they
should be attenuated before reaching the
567 input.

3. Maximum immunity from noise and out-
band signals is afforded in the low input
level (below 200mVrms) and reduced band-
width operating mode. However, decreased
loop damping causes the worse-case lock-
up time to increase, as shown by the
Greatest Number of Cycles Before Output
vs Bandwidth graph.

4. Due to the high switching speeds (20ns)
associated with 567 operation, care should
be taken in lead routing. Lead lengths
should be kept to a minimum. The power
supply should be adequately bypassed
close to the 567 with a 0.014F or greater
capacitor; grounding paths should be
carefully chosen to avoid ground loops and
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unwanted voltage variations, Another factor
which must be considered is the effect of
load energization on the power supply. For
example, an incandescent lamp typically
draws 10 times rated current at turn-on. This
can cause supply voltage fluctuations
which could, for example, shift the detec-
tion band of narrow-band systems suffi-
ciently to cause momentary loss of lock.
The result is a low-frequency oscillation
into and out of lock. Such effects can be
prevented by supplying heavy load currents
from a separate supply or increasing the
supply filter capacitor.

SPEED OF OPERATION

Minimum lock-up time is related to the
natural frequency of the loop. The lower it
is, the longer becomes the turn-on tran-
sient. Thus, maximum operating speed is
obtained when Cz is at a minimum. When
the signal is first applied, the phase may be
such as to initially drive the controlled
oscillator away form the incoming frequen-
cy rather than toward it. Under this condi-
tion, which is of course unpredictable, the
lock-up transient is at its worst and the
theoretical minimum lock-up time is not
achievable. We must simply wait for the
transient to die out.

The following expressions give the values of
C2 and C3 which allow highest operating
speeds for various band center frequencies.
The minimum rate at which digital informa-
tion may be detected without information
loss due to the turn-on transient or output
chatter is about 10 cycles per bit, corre-
sponding to an information transfer rate of
1o/10 baud.

130
Ca= wF
fo
Ggo 260 uF
fo

In cases where turn-off time can be sacri-
ficed to achieve fast turn-on, the optional
sensitivity adjustment circuit can be used to
move the quiescent C3 voltage lower (closer
to the threshold voltage). However, sensitiv-
ity to beat frequencies, noise and extrane-
ous signals will be increased.

OPTIONAL CONTROLS (Figure 3)

The 567 has been designed so that, for most
applications, no external adjustments are
required. Certain applications, however,
will be greatly facilitated if full advantage is
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taken of the added control possibilities
available through the use of additional ex-
ternal components. In the diagrams given,
typical values are suggested where appli-
cable. For best results the resistors used,
except where noted, should have the same

temperature coefficient. Ideally, silicon di-
odes would be low-resistivity types, such
as forward-biased transistor base-emmiter
junctions. However, ordinary low-voltage
diodes should be adequate for most appli-
cations,
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SENSITIVITY ADJUSTMENT

(Figure 3)

When operated as a very narrow band de-
tector (less than 8 percent), both C2 and C3
are made quite large in order to improve
noise and outband signal rejection. This will
inevitably slow the response time. If, how-
ever, the output stage is biased closer to the
threshold level, the turn-on time can be
improved. This is accomplished by drawing
additional current to terminal 1. Under this
condition, the 567 will also give an output
for lower-level signals (10mV or lower).

By adding current to terminal 1, the output
stage is biased further away from the
threshold voitage. This is most useful when,
to obtain maximum operating speed, Cz and
C3 are made very small. Normally, frequen-
cies just outside the detection band could
cause false outputs under thiscondition. By
desensitizing the output stage, the outband
beat notes do not feed through to the output
stage. Since the input level must be some-
what greater when the output stage is made
less sensitive, rejection of third harmonics
or in-band harmonics (of lower frequency
signals) is also improved.

CHATTER PREVENTION (Figure 4)

Chatter occurs in the output stage when Cs
is relatively small, so that the lock transient
and the AC components at the quadrature
phase detector (lock detector) output cause
the output stage to move through its thresh-
old more than once. Many loads, for exam-
ple lamps and relays, will not respond to the
chatter. However, logic may recognize the
chatter as'aseries of outputs. By feeding the
output stage output back to its input (pin 1)
the chatter can be eliminated. Three
schemes for doing this are given in Figure 4.
All operate by feeding the first output step
(either on or off) back to the input, pushing
the input past the threshold until the tran-
sient conditions are over. [t is only neces-
sary to assure that the feedback time con-
stant is not so large as to prevent operation
at the highest anticipated speed. Although
chatter can always be eliminated by making
Cj large, the feedback circuit will enable
faster operation of the 567 by allowing Ca to
be kept small. Note that if the feedback time
constant is made quite large, ashort burst at
the input frequency can be stretched into a
long output pulse. This may be useful to
drive, for example, stepping relays.

DETECTION BAND CENTERING
(OR SKEW) ADJUSTMENT

(Figure 5}

When it is desired to alter the location of the
detection band (corresponding to the loop
capture rangel) within the lock range, the
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circuits shown above can be used. By mov-
ing the detection band to one edge of the
range, for example, input signal variations
will expand the detection band in only one
direction. This may prove useful when a
strong butundesirable signal is expected on
one side or the other of the center frequen-
cy.Since Rp also alters the duty cycle slight-
ly, this method may be used to obtain a
precise duty cycle when the 567 is used as
an oscillator.

ALTERNATE METHOD OF
BANDWIDTH REDUCTION

(Figure 6)

Although a large value of Cz will reduce the
bandwidth, it also reduces the loop damp-
ing so as to siow the circuit response time.
This may be undesirable. Bandwidth can be
reduced by reducing the loop gain. This
scheme will improve damping and permit
faster operation under narrow-band condi-
tions. Note that the reduced impedance
level at terminal 2 will require that a larger

value of Cz be used for a given filter cutoff
frequency. If more than three 567s are to be
used, the network of Rg and Rc can be
eliminated and the Ra resistors connected
together. A capacitor between this junction
and ground may be required to shunt high
frequency components.

OuTPUT LATCHING (Figure 1)

To latch the output on after a signal is
received, it is necessary to provide a feed-
back resistor around the output stage (be-
tween pins 8 and 1). Pin 1 is pulled up to
unlatch the output stage.

REDUCTION OF C1 VALUE
(Figure 8)

For precision very low-frequency applica-
tions, where the value of C1 becomes large,
an overall cost savings may be achieved by
inserting a voltage follower between the Ry
C1 junction and pin 6, so as to allowa higher
value of Ry and a lower value of Cy for a
given frequency.
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4096-Stage BBD for Audio Signal Delays

The MN3005 is a 4096-stage long delay BBD (Bucket
Brigade Device) fabricated with P-channel silicon gate MOS
technology. The MN3005 can provide a signal delay of up
to 204.8msec and is suitable for use as variable signal delay

lines in audio frequency range.

Features:

e Wide range of variable delay time . 20.48~204.8msec.

e Clock component cancellation capability.

eNo insertion loss:L; =0 dB typ.

e Wide dynamic range: S/N = 75dB typ.

e Wide frequency response: fj < 10kHz.

e Low distortion: THD=19% typ. (Vi=0.78Vrms)

e Clock frequency range : 10~100kHz.

e P-channel silicon gate, tetrode MOS transistors
configuration.

® 8-lead dual-in-line plastic package.

Applications :

® Reverberation effect of echo microphones and
stereo equipment.
® Chorus effects in electronic musical instruments.
e Variable or fixed delay of analog signals.
e Telephone time compression and delay line for voice

communication systems ; etc.
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Block Diagram
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Item Symbol Value Unit
Supply Voltage Voo. Vee —15, Vpp+1 \%
Signal Delay Time to 20.48~204.8 msec
Total Harmonic Distortion THD 1 "%
Signal to Noise Ratio S/N 75 dB

While every precaution has been taken in the preparation of this data
sheet, the publisher assumes no responsibility for patent liability with

respect to the use of the information contained herein,




Absolute Maximum Ratings (Ta=257)

Item Symbol ] Ratings Unit
Terminal Voltage Voo. Ves. Ver. Vi —18~4-0.3 A
Output Voltage Vo —18~4-0.3 \%
Operating Temperature Topr —20~+ 60 c
Storage Temperature Tstg —55~4125 S o

Operating Conditions (Ta=25C)

Item Symbol Condition Min. Typ. Max. Unit
Drain Supply Voltage Voo —14 —15 —16 v
Gate Supply Voltage Vee Vpot+1 v
Clock Voltage "H" VepH 0 —1 v
Clock Voltage “L" VerpL k Voo Vv
Clock Input Capacitance Cer 2800 pF
Clock Frequency fep 10 100 kHz
Clock Pulse Width tepw Test Circuit 0.5T
Clock Rise Time tepr Test Circuit 500 nsec
Clock Fall Time tepf Test Circuit 500 nsec
Input DC Bias Voltage Vbias —9% —10 v
TxT=1/fcp
Electrical Characteristics (Ta=25C .-Vpp=Vep=—15V." Vepn=0V, Vge=—14V, BL.=100k(2)
Item Symbol Condition Min. Typ. Max. Unit
Signal Delay Time to 20.48 204.8 msec
’ fep=40kHz. Vj=1.3Vrms
1 Signal F - cp oV : H
ARUY ‘BigRAL RieRyengy ) Output Attenuation = 3dB(0dB at fi=1kHz) L e
Input Signal Swing Vi fep=40kHz, fi=tkH2, THD=25% %2 Vrms
Insertion Loss L fep=40kHz, fi=1kHz, Vi=1.2Vrms Q 4 dB
Total Harmonic Distortion THD fep=40kHz, fj=1kHz, V{=078Vrms 1 2.6 %
Noise Level VN fcp=100kHz Weiaghted by “A" curve 4 0.4 mVrms
Signal to Noise Ratio S/N, 75 dB
Test Circuit Clock Pulse Waveforms
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s i [P 210 Low Pass Fiter | oo o
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Application Circuit — Echo effect generation circuit
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