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SEVEN STAGE FREQUENCY DIVIDER

SEMICONDUCTORS

SEVEN STAGE
FREQUENCY DIVIDER

Menaolithic inegraled circuil in bipolar lech-
nlqua, designed primarily for use kn edacironic
organs, The davice |ncorporates seven flip-
flops wilh extamally pcoessible inpuls and oul-
puts

Each fip-flop changes state on application of a
posiive-gaing mpul pulse. The ksdivideal flip
flops can be inlesconnecied jo form o divider

chain. Twa flip-flop pairs are afready inkernally
series-connoctod as shown in Fig. 2.

An amitter-followar is iMerposad batwesn aach
flig-flop and tha associaled owlpul lerminal 1o
ensure that the oulpul voliage is langely inda.
pendent of load, Becouse no internal emiblar
rasizlons are provided, the emitoc-foliowar de-
livarg undlractionnl guiput curronts,

wWhon used in elactronic organs the frequency
diwider SAI 10 moy b driven by sine-wasve 8%
wall a3 sguare-wove signala. The shapa of the
squars-wave oulpul signel can be maodilied by
connaction of RC fillers.

i, by moeans ol an appropriate clrcuit, a1l in-
puis amd ouwlputs are brought 1o a poteniial
below 1.5 wvolts for a shor lime, all outpuls
mmain in the low slate
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Tha figures in brackets correspond 1o the pin
numbar.

All woltages e redarred to Bermbnal 1,

Normally, the SAJ110 = deliversd in tha dual-
in-line plastic package TO-116 (Fig. 1a, add
sufli A" fa type Mo, Upon special request
it iz aiso ovallable 0 the guad-indine packaga
(Fig. b, mdd sullix “B" to typa Mo,

'ijL ]

I 1
b [ el . Ml
Asfesdad
'—&}_ ______ 1.l sanws
T i
w Fig. 1
ABSOLUTE MAXIMUM RATINGS
Charactodalic LLindt
Wy Supply voltoge ........ 1M w
Inpist voliage soo Flg, 4
L Outpul current per siage . 5 ma’
L1 Exiarnal woltage at u-ulput
tarminals . EEY
Tt Amblant remp-aralura
range 10 o 4-80°C
Ts Storago |implrll.uru
FANga . . 30 la 4125°C
CHARACTERISTICS PER DIVIDER STAGE
al: = BV, Ry, — 22 WL Teaw = 2°C
Charpctarisiic Unit
I Supply currend [law siale
al putpil] .. .oeioneon.o. <3 mA
Wi tpud veliage high stals
(eee Fig. 4] ..... i & to BV
Vi Inpud vollage low stale | LY
V. Culput vallage low slate i R
W Ouwiput volinge high staie . =70V
L Rise tima of outpul vallage .. <0.2 us
1y Fall tima of oulput voltage .. <0.2 us
i Inoul reakstance [sea Fio. 51 6 to 8 ki
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SEVEN STAGE FREQUENCY DIVIDER

CHARACTERISTICE PER DIVIDER STAGE
at V=9 ¥, AL=22 Ml Tiw=235°C

n Cylput rosistonce low stale . . =1 M
A Oulput resisiance high state ., 200 O
Fig. 4 — Max,
wdmissible and min.
reguired waiun ol
Fig. 3 — Oulpil inpul pulses (high
vollage warsus siala) vorsus supply
supply vollege. wollage,
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RAeocommended Operaling Conditions

Wy Supply vallege .. ........._.... 8BV
Max input frequancy ........ 50 kHz
Ry Load resistance . ....... 2 to 20
Fig. 5 — Inpul Fig. 8§ — Oulput
characlerisiic characieristic
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ITT SAJ110 IN FREQUENCY DIVIDER CIRCUITS

Introduction

Integrated digiial frequency dividers have for
long baen wigely usod in professional digifal
equipment but hava so lar feund litile applica-
tion in the entertainment sachor of the alectronle
industry. This, no doubt, |g due to the fact ihat
tha dovices presenlly ovailable do noi guite
misst 1ha spocific requiremants af the consumar
mafket, mrd thal thoy wede, until recantly,
rather ecpensive, Advances in Infegration lech-
migues have now msda |t possible to produce
mnexpansive linear, as well as digital integraled
circuits which shauld be of special inberesi 1o
the mlectronlc consumar Indusiry. These da-
vices offer many advaninges whan comparsd
with eirculta empleying dicrate componenls
and dre 0 many instances alféady chasper.
il in coertain thed the avaliabillty of these new
nlegraled circuilts will lesd 19 rapld new do-
valopments in all branches ol ihe sectmonic
mdusiry.

Tha new monoliifie integraled frequency di-
wider sircuil 3AJ110, developed by ITT Seml-
conduciors, incorporates seven divider stages
which can be used sithar individually ar inbar-
conneclad to form a divider choin, Becauss
iha SAJ10 reqguires no addilkonal componanis
and can ba used in place of convenlicnal dis-
croto-companant fipliop dividers, its uoe a5 a
frequency divider In sleclronle organs is par-
tlewarly sdvantagaous.

The integrated Clroull SAJ110

indegration of a convenlional Aipliep circull
would offer vidually no advantoge over & dis-
crete companent circult — onky 8 circull which
doss nal  Incorpornda  capaciors or  olher
chorge-sioring elamants iz sullabla for integra-
tion, Becausa the masior sinve flipfiop (8 fre-
quancy divider olten usad in digital aquipment)
is far too complex lor consumer appllcations,
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A-B being the nonmal operaling range, As men-
tronad proviowsly. 0 order b0 initisle & resel
it is nocessary to force the output through the
range B-C to point "G, and this should be
affacted |n the shomesi time possible fi. <
0. 1masc) to avold owerhaating ihe device (the
autput transistor dinsipaios considarable powar
during this pariod].

Il the divider inpul potendind is highar than OV,
than tha frigger poind © is shified bo Ihe laf
on the cures, which means that the output
potential would ihen have 1o be pulied down
te n lovel balow 1.6W. Il ihe hpul and output
of a divider slage or || several inputs snd oui-
puts af a divider chain ara to ba pulled down
b & low polential logether, then this pobeniial
should be lass than 1.5V o ensure that thao
circults resol relinbly under any condition (rofar
o Fig. 13

Resel Clreuil.

Fig, 13 oullines a resel circuil suitable for a
sevon alage counding chaln. ANl the culpul
poinls ma wall as the inpid polnl | are con-
nected, via |aclating diodes, lo the colleclar
afl a swilching transisior type 2M2218, or alior-
natively 1o & RESET switch. It is impariant ihat
the lranskstor eslleclor voltage drops to & sat-
windlgn fowel of less than 0.8V for tha duration
ol ihe reset pulse, mnd thal ihe Iransistor in
capatde of passing up to 400 mA of collector
curranl undes theé most unfavorable condilians
{Le, when all cutputs are in “high" condition
prigr 1o the application of & resel pulse), The
pulse saurce must thorefors be eapable of
supplying at lease approximately 15mA to The
basa of the INZZTE so thal the regquiremsent
"r‘h:"l'm - -.-'|.I'¢.r}'l.!i'.|" is MH'M The rosal
pulss duration is, howsvar, nol very critical
provided I in nel less than  epproximately
1uséc,

As menlloned previously, the oulpul stata of
all the siages depends on the Input stale of
the firsl stage immediately ofter tha occur-
rance ol tha ressl pulse, Thera are fwo pos-
sible conditions:

Wi = “low" [Fig. 14)
Vi = “high™ [Fig. 15}

in Fig. 14 I, was “low”™ nt the Insiant whon the
resal wan applied; undeor this condition all the

oulputs which wara In tha “high™ state imme-
diately batera application of the ressl pulse
ghange o “low™ and meintain fhis staie alter
the resel pulsa has been romoved, The mexi
imput pulea 1o | then causes all the culputs fo
ba triggered o “high”, this cormesponding bo
a “PRESET™ condition of the counter, Only the
second fnpul pulsa is counled, These condi-
lipns mra summarized (0 the uilh table im
Flg. 14 mnd Il can be sgan thai the counter
counis (n-1},

Flg. 15, @n the oihar hand, [Mustrates a condi-
fien in which all ithe culputs ane in tha “PRE-
SET" state |mmediately afler the occcurmence
aof the resel pulse so thol the noxt pulse s
corraclly couniad =8 Moo 1. The explanation
for this is ms follows: Alihough [n this cass the
reset pulso [nitially pulte oll the owipuls, as
well as tha input |, o “low", the input I i
Immadiataly raturned bo "high™ at tha and of
iha pulsa (8 = L), because the positive edge
at tha and of the pulse B equivalent fo the
application of a logic "H” o Iha inpul This
posllive edge trliggers first outpul Oy and than,
in tum, all tha other culputs 1o “high™ — this
correaponding o the “PRESET" state of the
couniar.

Conclusion

Tha BAI10 iz an ipexpansive soven-stage fre-
quency divider which, In comparison with
aguivalent discrale-componant circuils, offers
many advaniages, . tha moal Imporianl ones
being: small aize and low wiring and assambly
cosl. The device, becausa of ils elecirical char-
actoristics, I8 particulary suitable for use in
elacironic organs where 13 perfermance s
suparior 1o thal of discrets componont fAipllops,
Baing insensitlve to the wavelorm of the inpul
pignal, tha SAJTID will sceepl a sguore wave
as woll as olher types of wavelorms (e.g.
sanugolds; moreovar, the low cuipul Impedance
ongures thal the outpul remalns wviruelly con-
stant irrespective of load, the lowes! pormis-
sible load baing approximmtaly 2kl Al maxi-
mum loading the outpul amplitude e only 1.5Y
feaa than supply valisge.

The genacatlon ol oubpirl wavelorms which are
wery similar o, and possess wvidually the same
Iraquency spactrum as, that of an ideal spw-
toath, i possible simply by connection of RC
natwarks acrozs tha oulpuls,
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developmen! of a now clrcubt was nocesaany.
This cirguil had to functon in a similar man-
ner o a conventional Nipflop bul had o Bo
designed so thal no additienal charge-stoering
elements ware required, The resull 8 & devica
which combines seven single divider stages
on & single chip,

—— o e Tl
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In ofdar 1o make maximum use of tha 14 con-
nacticns avallable on 8 TO-118 packags the
pins mre conpocied &8 shown in Fig. 1, bedng
arfanged 5o thal access (o two divider pairs
ond thrag single divider stages is possibla. Tho
clrculls can thus be used either singly or inbes-
conngatad In varlous comblnatione.

Funclicnal Descripiion of an SAJ110
Divider Slage

Each siage used in the SAJ110 comprises
baslcaily & trigger network, beo. irenskstors
connecied Bs a Mipflop, and mn oulpul stage
[Fig. B). The input is first applied to & irigper
natwork which always steers the input pulsse
fo that transistor which is cut off af the fime.
Fig. & shows tha input and outpul wavelorms
produced by one sweh siags. Each pasilivae
adge of the inputl wavalorm causes tha flipllep
fo change afate so thai {requency divislon by
twio results. Tha flipllop oulpul ks fed 1o a
Iranzisior connecied as an emitlar lallowar oul-
put stage, this being provided lo isoclals the
flipllop from an sxiernal losd and to supply
outpul pulses of constant amplitude. Tho out-
put pin = connecled o the emitbes of this
transistor,

Porformance Requirement Summary for the
Integraled Frequancy Divider SAJ110

The infegrated freguency divider had to meod
tha lollowing custemer requimmaonts:

BUPRIY VOIEBI® -« vursransmrsrans Tl W
Input (irigger

wivaforms) ... ... . Sinusoid ar sguare wave
Owtput woltnge ......... NoUless hen 6Y —

high engugh to parmil raliable
triggaring of ancther divider

atags wnder afl operallng con-
diblansg.

Poarmissibhe lond range .. ...... Zk to 100kD
Ambient operaling
lemperature raAngeE .., ...., . 0F 1o BO"C
Numbaer of siages o be accommodaied
I one PRCKEOE . ...cucaiaiinincsasannins T
Pockaging - 14-pin DIPF or QIL plastic packege

Trngages Flp-Nop  Cedpsd yimgm

gt | 5: ¥

——" : ¥ —F: F

Fig. 8 — Block disgram of one divider stags
wilth npul and oulput wavelonms

For reason ol economy and reliability, 1 was
niso consldered desirable that the numbar of
integrated olgmants and the ioial resiziapce
ol all the resisions wsed in the G should be
Hepl to & minimum.
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In Fig. 12 the frequency specirum of the wave
form Ve 8 compared with thal af lwoe saw-
teoth wavelonms, and it can be seen thal tha
apecimum nitained with the circuil arrangament
of Fig. 10 approachas that of an ideal sawlooth.
Mate that the sub-harmonic companent is ox-
tremedy amall — much smaller than iz neces-
sary for this application.
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Fig, 9 —Block diagram of the tone generating
circuils in slecironic organs
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Fig. 10-Conversion of divider undirectional oul-
put inle ablernating output
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Fig. 11—Modicatlon of the divider Irequency
specirum ising RC nebworks
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Fig. 12 —Frequency specirum asssocialed with
vartous wavelorms

Usa of the SAJ110 in Coonling Clreubls

Usa of the SA1110 in & couniing circull ralsas
iha problam o how io resel the llipfops. Wilh
tha SAJ110 it is possible to resat & single stage
as wall ps several siapes connecied In &
counting chaln. However, when designing a
suitnblp resei circull the following lesiures ol
the device musi be faken info scoouni:

The outpul of a divider stage can changa siaie
only whila Hs inpul is posilive gaing.

The freguency divider SAJ110, unlike a master
stove fipflop, does not possess & buller slage
::uhm input and ouipui, nor B special resat
npul.

It is, however, possible 1o use the Inputs and
ouiputa lor resal purposs. Because the resat
capability ol an SAJ110 siage depends on ila
imput slate, [f |s necessary lp use both lhe
input and tho oulpul terminals for resel por-
posE.

Oulpul Characleristic

Aelarring 1o the oulpul characleristc of a
single stage (Fip. 8) i1 can be seen thai a
"high” outpwl can only be (Hpped ta ““low'"
If the gutput is pulled down to 1.5V or less by
soma exlermal means, and this can only be
accomplished while tha Inpuit vollage V. is
“low'’, The oulpul charscieristic in Fig. & is
divided into the sections A-B and B-C, section
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Tha curves shown in Fige 3 o 6 illusirate the
parfarmance of the divider in more detail.

The inpul pornmelers of & frequancy divider
aisgn ot various supply wolinges can be de-
duced frem Figs. 3 and 4. The inpul pulse
amplitude should be nol less than 6Y, but
shauld, on the oihés hand, nol exceed this
supply vollage. The curves in Fig. 3 give 1he
maximum pormissible inpul  pulse  ompliuda
range as o lunction of supply woltags, The
inpul cormespanding fo “Tow™ level should be
izss than 1. Fig. 4 may be used Io determing
tha stadie Inpul resistince, which wvaries be-
twean B and kil

in the curva shown in Fig. 5 the outpul vallags
in plothed ss o funciion of supply vollage. As
con ba sesn, (he outpul voltage i3 1 fo 1.5V
iawar than the supply voltage and varies Some-
what wilh ihe lond. Assuming fha same bond-
ing conditions ihe outpi] woltages of all kn-
dividual steges nro within = 5% — Ihis applies
te stages an the same IC 82 wall as to stages
on differani 1C°4

Fig. & showa ihe lsading choraclerislic o &
divider siage which gives a “high” outpirt.
Mote thal os the oculpul curmant of the siage
& incraased (by reducing the load reslstor,
for  examplel, point "B on  Ihe  Cund
mavas tewards “C7 (ks = 35 mA and
Va = 1L.TV) M which paind the stage flips info
the “low" siate and remains thera, This bist-
able outpul eflecl is discussed furthar on in
connpciion with ihe resatiing of dividers used
in counting circults,

Applications for the 8581110
Usa In Eloctronic Organs

Tha heart of modern elecironie orgams Is
usualiy a sei of LC masier oscillalors tunod
fo ithe frequencies of the highest ootave The
freguancies of the lower oclmves afg then de-
rived from ihoss master oscillalors by Fre-
guency division. In mosl corvenlions organs
this frequency division is accomplished by the
use of biglabla multhvibrators (flip-flops). These
hawe ihe dismdvantage of producing & SgUkhd
waye outpul, which conlalne praclically no
even harmonlcs snd offers only limited scopo
far emodifying the character of the nobes
producad

Hawevat, If the SAJ110 is used, simpla AC
networks con be connecied across the oulputs
te genernia sawlesth waveforms which con-
tain oven karmonlcs. An addilional sdvantage
of the SAJ10 ks s small sizs, making it par-
tiewlarly sultabde for use In poriable instrd-
mants.

Fig., 9 shows the ususl frequency genoraling
circuils amplayed (n olectronic argans. Twelve
masiar oscillpiors produce the lreguencies of
tha highest octawe while all the frequencies
for the lower oclaves arg gonerated by fro-
quency ddvision, The arapgemsnt shown in
Fig. 0 requires up 1o iwelee SAJTI0 cirgults
for ene organ, H the organ has less than saven
pctaves, fhen there are soveral spare dividar
alxgea which may b wilized in the divider
chaing associated with other lrequencies 5o
thal in this case less \han 12 infegrated clr-
culls are regulred.

Depression of one ol the organ keys, T, chauses
sevirnl outpuls to be swilched fo a common
line, 5, via high value resistors, R, and this
signpl, which s & combination of several Tre-
gquencies, is ihen furihar processed. The spec-
frum of this signal is considerably rcher In
harmanics Than thai of an ordipory sgquang
VAN,

It = an sdvaniage fo give a signal to the fal-
lowing fillers the moan value of which does
liike chamge when the argan keyn arn pressod.
In order bo obialn this, the ground of redisior
RO (Fig. 8 should bo connected 1o a posi-
tlve potontial. Anoiher possibility s lo enaure
thal the divider oulpuls supply proper AC
signals. Fig.10 shows such an allemative cls-
cull, Uss of a suitsble bias causes fhe full
atlamating divider suiput componen) to be de-
velaped across the load A,

The cirewll shown in Fig. 11 fully exploiis
ihe high output weliage and low oulput rasist-
ance of the frequency divider SAJ110, In this
circoil RC niworks are connected, via pro-
lection diodes, lo the oulpails of individusl
dividar siages =0 thal wavelorms which are
nod vary ditfarant from thal of an Ideal saw-
togih ara prespnted across the load Re. The
protective rosistor Fs connacted |In series with
ench capacilor G in included to Nimil the
capaciior surge o & value which ihe oculpul
stage can safely handla.
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