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THEORY OF OPERATION OF AR-317

The basic waveform of I the AR-317 is the triangle; The sine
and pulse waveforms aire derived directly from it.- and the
sawtooth frequency is determined by it even though fc&w-;*P«-
tooth Waveshape is generated separate ly. The t r iangle is
rrenefca-faed ;by the^logeneonsisting of 02, Q4, U4, Q5, and 06- 02
is an operat iona l t ransconductance ampl ifier whose out
put current is determined by the voltage at pin 2 and. the
current in to p in 5. To begin the loop explanat ion, assume
that the voltage at pin 2 of U2 is posit ive which means
tha t cu r ren t i s flow ing i n to p i n . 6 f r om the i n teg ra t i ng
capaci tor, C16. The vol tage on C16 is therefore decreasing
at a constant rate, as are the voltages on the gate and source
of the source fol lower,04. The vol tage on the source of 04 is .
added to the voltage at the emitters of 05 and 06 at pin 3 of
04 . So l ona as t h i s sum i s pos i t i ve ( i . e . t he vo l t age a t t he
er - i t te rs i s more pos i t i ve than the source o f 04 is negat ive) ,
the ou tpu t o f U4 a t i t s p in 6 w i l l be pos i t i ve . Th is vo l tage
( the balanced emit ter fo l lower consist ing of 05 and 06) and the
vol tage div ider consist ina of R13 and R17 wi l l hold, the pin 2
of U2 pos i t ive as in the in i t ia l assumpt ion. When the vo l tage
on the source of 04 becomes sufficient ly negat ive to overcome the
ou put of the balanced emit ter fo l lower, p in 3 of 04 wi l l become

negat i ve and p in 6 o f 04 w i l l au ick ly sw i tch to i t s nega t i ve
cofdit ion. This makes pin 2 of U 2 negative and reverses the
d i rec t ion o f cur ren t in p in 6 . C16 is now be ing charged and i t s
vo l tage i s r i s ing a t a cons tan t ra te . No t i ce tha t when the
ou tpu t o f U4 reve rsed i t ' s po la r i t y i t s con t r i bu t i on t o i t s own
inpu t a t p in 3 became such tha t i t l a t ched i t se l f i n to t ha t
cond i t i on un t i l t he sou rce vo l t age o f 04 r i ses enough to
again overcome it in the opposite direction. When C16 has chargea ■
enough for the voltage at the source of 04 to overcome the
output of 05 and Q6, the voltage on. pin 3 of 04 will become
pos i t i ve , the vo l tage on p in 6 w i l l become pos i t i ve , and the
vo l t age o f p i n 2 o f U2 w i l l become pos i t i ve as i n t he i n i t i a l l y
assumed condi t ion.The ampl i tude at which swi tch ing of th is loop
occurs is- determined by the addi t ion of the two vol tages at
oin 3 of 04. Since R 20 and R 19 are identical (1% resistors)
and 04 i s ao ing to sw i t ch i t s ou tpu t cond i t i on as i t s_ inpu t
i s w i t h i n a f ew m i l l i vo l t s o f ze ro vo l t age , t he c i r cu i t w i l l ; - • - . .
swi tch when the vol tage at- the source of 04 is very near ly
i den t i ca l t o t he vo l t age "a t t he em i t t e r s o f t he ba lanced
emi t t e r f o l l owe r.Th i s vo l t age i s accu ra te l y de te rm ined by
e pai r o f vo l tage d iv iders (R23 and R24 in the posi t ive
rUrect ion-R26 and R27 in the negat ive d i rect ion) and the c lamping
diodes Dl and 02.These components combined with the balanced
emi t te r f o l l ower t rans i s to rs cause the* emi t te r vo l tage to
swing accurately between plus 5 volts and minus 5 volts.
Corresponding to th is , the t r iangle waveshape appear ing at the
source of 04"swings accurately between plus and minus 5 volts.
f - ince the ampl i tude is determined by the swi tch ing leve ls o f
t h e o s c i l l a t i n g l o o p , t h e f r e g u e n c y i s d i r e c t l y r e l a t e d t o t h e
charge and discharge currents in C16, which is the output
cu r ren t o f 02 .
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The magn i tude o f th is cur ren t (p in 6 o f 02 ] i s iden t i ca l to the
cu r ren t i n j ec ted i n t o p i n 5 . To accu ra te l y p rese rve t he l i nea r
re la t ionsh ip o f 1 vo l t per oc tave a t the inpu t to the VCO, i t
i s necessary to conver t the l i near i npu t vo l tage leve ls i n to an
accurate exponent ia l cur rent which flows throughRl3 in to U2.
Th is convers ion is accompl ished by a ser ies o f care fu l ly
selected and temperature compensated components which have been
po t ted toge the r as pa r t o f t he p r i n ted c i r cu i t boa rd ,The
e f f e c t o f t h i s p o t t e d b l o c k i s t o c r e a t e e x p o n e n t i a l c u r r e n t s i n
R13 and R31 as a function of the voltage at the junction of R8,
RIO, and R l l . U l i s an inpu t opera t iona l amp l i fie r wh ich
produces the p roper amp l i tude o f l i near vo l tage va r ia t i on fo r
the i npu t o f t he exponen t ia l conve r te r.
The tr iangle waveshape at the source of 04 is inverted and
iso la ted by U3 w i thou t chang ing i t s ampl i tude . I t i s then
fed to the output connect ion through R54. I t is a lso fed
through Q10 and Ql l to the inputs of 06. By ut i l iz ing the base-
e m i t t e r c h a r a c t e r i s t i c s o f t h e t w o t r a n s i s t o r s t o r o l l o f f t h e ,
peaks of the t r iangle, a waveshape c losely resembl ing a^sine
wave is produced between the co l lec tors . Th is is ampl ified
by 06 and applied through R5 3 to the output connection.
The tr iangle is also fed--through R55 to pin 2 of 07. Since
U7 is operat ing wi thout feedback i ts output a t p in 6 is a lways
a t sa tu ra t ion , e i the r pos i t i ve o r nega t i ve , depend ing on the_
polari ty of the voltage between pins 2 and 3. When P4 is at i ts
midpoint and there is no output to the PWM jack, the polar i ty
at p in2 wi l l be the same as the polar i ty of the t r iangle wave and
and p in 6 w i l l have approx imate ly a square wave on i t . I f the
pu lse w id tho con t ro l , P4 , i s moved in the pos i t i ve d i rec t i on ,
p in 2 w i l l be pos i t i ve fo r more than ha l f o f the per iod o f the
t r iang le and the ou tpu t w i l l become assymet r ica l . Car r ied to
the extreme, the contro l can overcome-, the contr ibut ion of the
t r iang le o i f tpu t and the ou tpu t w i l l be he ld in one cond i t ion .
Diode D4 prevents the output from going negative and R59 and R60
l im i t the ou tpu t amp l i tude to 10 vo l t s . An inpu t vo l tage to the
PWM connector also changes the relative voltage between plus
2 and 3 of U7 which changes the pulse width as before.

The sawtooth waveshape is generated by charging C18 with the second
output o f the exponent ia l conver ter. The vo l tage on C18 wi l l
r ies un t i l a pos i t i ve-go ing change occurs a t the ou tpu t o f 05
and Q6 which turns on Q8 and Q7. Q8 and Q7 hold each other
in conduct ion unt i l the vol tage across them decreases to a smal l
va lue at which t ime they both s top conduct ing. C18, then, s tar ts
to charge again unt i l the next synchron is ing pu lse is produced
by the ma in osc i l l a t ing^ loop .The cons tan t ra te -charge and fas t
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discharge of C18 is the desired sawtooth waveshape which is ,
passed fhrouah the source fo l lower 09 to the operat ional
amplifier 05. The output of U5 is passed through R40 to the
output connect ion .

I f the VPO is to be synchronized by an external s ignal , the
incomina voltage is amplified by 012 and Q13 before being
app l ied to th ree separa te p laces. The s igna l app l ied to
• jo in t "A" d ischarges C16 to prepare for the s tar t o f a cyc le ,
'^he s icrnar-appl ied to point "B" dr ives p in 3 of 04 posi t ive , /
which then is latched by i ts own feedback—again ready for
the star t o f a cyc le. The s ignal .appl ied to point "C" causes
Q8 and 07 to conduct and discharge C18 for the start of
another sawtooth cyc le.
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