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PART 'NUMBER

PARTS LIST
* ' — T

kNTITY

C I , 2

C3, 10

C4

C 5 , 6

C 7 , 11 , 1 4

C8 , 13

C9, 20

C12

C15, 17

C16, 18

C19

D l t h r u 6

P I , 2 , 4 ,

P3

Q 5 , 8 , 1 0 ,
11 , 1 2

Q9

Q4i 14
Q 6, 7,

R l

R2

13

2

2

1

2

"5•J '

2

2

1

2 .

2

1

6

3

1

5

1

2
3

1

* ARIES MODULE

DESCRIPTION

317

i A * j & . i j i » * . . « * L i j i ' i ^ * " * « "

capac i tor, tanta lum

capaci tor, d isc
same as above

same as above

same as above

same as above

same, as above

same as above

capacitor, mylar, mica,
or poly. .

same as above

capacitor disc
d iode , s i l i con

p o t e n t i o m e t e r, 1 / 4 " s h a f t
same as above

transistor, NPN
fi e l d e f f e c t t r a n s i s t o r
N-channel

translator? PN3?

\ r e s i s t o r , m e t a l fi l m

1

* V C 0

VALUE AND RATINGS

Imfd s 50v

lOOpf

33pf

20pf

150pf
47pf
. OOlmfd (1000 pf)

lOpf

..47mf, 25v, 10%'
O.OOlmf, 10%

330pf
IN 914, IN 414 8
(or equivalent)
LOOK linear

100k' log

TE-3393'or 2N-3393

E 212 (si l iconix)

resistor,: carbon

KE4392 (
■m 3638

150K* 1%

I.5m; 103

)
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PARTS LIST ARIES MODULE 317
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PART NUMBER i QUANTITY

R3 ,4 ,5 ,6 ,8
]

R 7 ;
I

R I O , 1 1 # f

R 1 2 ;

R 1 3 ]

R14, 38, 64,67!

R15, 16, 36,56!
58,61,62,63,69!

R17 40,53,54,65

R18

R19, 20

R21

R22, 44, 45

R23, 26

R24, 27

R25,28

R29, 30
i

R31

R32, 34 1
R33 ■

?R35 1 ' '

R37, 46, 48 ■
R39, 60 i

I

R41> 50, 52

R42, 51

].

2

1

].

4

9

5

1

2

1

3

2

2

2

2

1

2

1

1

3

2

3

2

* V C O

DESCRIPTION VALUE AND RATINGS
• u M W U W U

i

r e s i s t o r , m e t a l fi l m

.same as above

same as above

r e s i s t o r , c a r b o n

same as above

same as above

same as above

same as- above

same as above

r e s i s t o r , m e t a l fi l m

r e s i s t o r , c a r b o n

same as above

r e s i s t o r , m e t a l fi l m

same as above

r e s i s t o r , c a r b o n

same as above

same as above

same as above

same as above

same as above

same as above

same as above

same as above

same as above

<u*-~-

100k, 1% :

60.4K, 1%

475K, 1%

10 ohm, 10%

6.8K, 10%

10K, 10%

100k, 10%

IK, 10%

4.7K, 10%

30.IK, 1%

12K, 10%

33K 10%

2.OK, 1%

1.0K, 1%

220ohm, 10ft

3.3K; 10%

2.2K, 10%

680 ohm, 10%

lOOohm, 10%

3.9K, 10%

68K, 10%

1.5K, 10%

47K, 10%

3 3-0 ohm, 10%
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PARTS LIST ARTE 51 MODI' 317

■ ill IMU1' H|l ■■' J iŷ *"v--•_; ;'•* ■
DESCRIPTION
, . - . - i? r. ; ' j 23S*

?
*'• "V c o

R43, 4 7

R49.

R55, 57 , 68

R59

R66

t;70

S1

T l , T3 , T4 |I
T 2 , 5 , 6 |

U l , 3 , 5 , 6 , 7 |

2

1

3

1

1

1

1

3

3

5

1
1
1

1-v

r e s i s t o r , c a r b o n

same as above

same as above

same as above

same as above

r e s i s t o r , m e t a l fi l m

s w i t c h , t o g g l e

t r i m p o t

same as above

o p e r a t i o n a l a m p l i fi e r

o p e r a t i o n a l t r a n s c o n d u c t a n c e
a m p l i fi e r s |

p r i n t e d c i r c u i t b o a r d

f r o n t p a n e l

i'AI.irc AND
... *"- "p"*"#^5"

18k, 10%

27k, 10%

39k, 10%

390 ohm , 10%

4 70 -ohm, 10%

332k, 1%

DPDT

1 0 k - l i n

5 0 k l i n

LM 301 A
CA3080
CA 303 0A(RCA)

4

I

1

1

12

2

I k n o b s , 1 / 4 " s h a f t
I f r a m e

| b r a c k e t , s m a l l
' I

bracket, larqer
I> jack, miniphone
1

p c card guide

2

4-40 nut:

4-40x3/8" inarh i no

insulat i iuj washer

Si ' l ' i 'W



AR817 VCO
Assembly- Page
22 Sept "

1 of 1
t a

ARIES SYSTEM 300 Music Synthesizer
ARIES MODULE AR-317

VOLTAGE CONTROLLED OSCILLATOR ASSEMBLY INSTRUCTIONS

( )

( )

( ) 3

The previous pages were writ ten as a general guide, to
fami l ia r ize the bu i lder w i th the components . Oere, now, are
s p e c i fi c a s s e m b l y i n s t r u c t i o n s f o r b u i l d i n g y o u r Vo l t a g e
Cont ro l led Osc i l la to r. I t i s recommended tha t you check o f f
each step with a pencil as you * proceed.

1 PREPARATION Lay the circuit board on a sheet of white paper.
PLACE METAL FOIL SIDE DOWN I Also, turn board so that connector
s t r ip i s to the LEFT. Use adequate l igh t ing .

Lay the assembly drawing(layout) down near the board.

Unpack the parts carefu l ly and place in a large box or t ray
so they won ' t ge t l os t .

Have the fo l lowing tools nearby?
P e n c i l t i p s o l d e r i n g i r o n , h o t a n d t i n n e d ( s o l d e r - c o a t e d )
So lde r -Use on l y t h i n , r os i n - co re so l de r !
S m a l l , d i a g o n a l w i r e c u t t e r s
S m a l l w i r e s t r i p p e r
Smal l l ong-nose p l ie rs

2 JUMPERS Find jumper wire J l on the drawing. Cut off a p iece of
insulated, solid wire, ONE INCH LONGER TH£N Jl. Strip 1/2
ineh of insulat ion j from each end (being careful not to damage
the w i re i t se l f ) , .Bend t he ba re ends t o a r i gh t ang le and
inser t in to the ho les on the board, accord ing to the drawing.
While holding the ends down against the board, bend them at a
4 5 degree angle on the foi l side of the board, to hold the wire
in p lace . So lde r and cu t o f f t he excess . (Re fe r t o i n t roduc t i on
on pa r t s i ns ta l l a t i on . )Repea t f o r a l l t he r ema in i ng j umpe rs
( J 2 t h r u J 2 7 . ) . . , _ _ . .
R E S I S T O R S C a r e f u l l y i n s t a l l a l l 6 9 r e s i s t o r s ( R l t h r u 7 0 ) .
Note there is no R9.

( ) 4. INTEGRATED CIRCUIT AMPLIFIERS

( )

I n s t a l l a l l 7 . ( U l t h r u U 7 )

( ) 5. DIODES Install all 6.(Dl thru D6). OBSERVE POLARITY

6 C A PA C I T O R S I n s t a l l a l l 2 0 ( C I t h r u C 2 0 ) . O n C I a n d C 2 ,
observe po lar i ty. On C 15,16,17, and 18, observe d i rec t ion o f
the band i f the re i s one . I f the re i s no band , the capac i to r
m a y b e i n s t a l l e d i n e i t h e r d i r e c t i o n .

( ) 7 TRANSISTORS Ins ta l l a l l 11 t rans i s to rs (Q4 th ru Q14) .N0TE:
There is no Ql , Q2, or Q3. Also, the aeneral shape of t ransistors
may vary from that shown on the assembly drawina. To be sure,■ check each t rans i s to r t ype on pages 4 -6 o f t he | i n t roduc t i on , and
make sure tha t the co r rec t l e t te rs (E ,B ,C, o r
the proper ho les .

S ,D ,G, ) a re i n
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ARIES SYSTEM 300-VOLTAGE CONTROLLED OSCILLATOR

'AR317 Y60
Assembly p. 2 of 7

( ) 8 TRIMPOTS instal l al l 6. (Tl thru T6). Make sure you use the' correct value. {There are two, 10K and 50K ). The 10K

trimpots have the number U201R103B or MTC14L4 on them. The 50K
trimpots are numbered U201R503B or MTC54L4.

AT THIS POINT , ALL THE BOARD COMPONENTS ARE MOUNTED.

MODULE ASSEMBLY-PLEASE REFER TO MODULE ASSEMBLY DRAWING
( ) 1. Unpack the frame, bag of hardware, and front panel.
( ) 2. Snap the two black plastic card guides into the frame holes.The tabs must point to the rear.(Bottom one is shown, installed,

on drawinq.)
( ) 37 Slide the'board into the frame. Hold top and bottom of frame down

upon board, so that the board fits snugly in the card guide tabs.
(..) 4. Mount the board to the two brackets, as shown, using to^T

4-40X5/8"screws and nuts. Use a fiber or plastic Insulating washer on theJOIL
side of the board to keep the he ads-of the screws from making electrical
contact with the circuit.

(") 5. Unpack the front panel carefully. Avoid- scratching its surface

( ) ,. A?tachte "bottom of the panel to the frame using the remaining4-40 screws and nuts.

( )8. Install the other pots(P3 and P4) .
( ) 9. Install switch SI, as shown.
( U0. Install all 12 mini-phone jacks, as shown.
i )11. Turn all potentiometer shafts fully counter-cldckwise, and mount the

knobs pointing to the left most number. Tighten knob screws.
THIS COMPLETES THE MODULE ASSEMBLY.

AR-317 V.C.O. PANEL WIRING
PLEASE REFER TO PANEL WIRING DIAGRAM AND BOARD ASSEMBLY DRAWING

( ) 1 . R u n a w i r e f r o m p i n 1 o f p a r t " P i " t o p i n 1 o f " P 3 " ,
and to the grounds of all 12 jacks as shown. You may use either
separate pieces of wire or one continuous piece.

IN THE FOLLOWING STEPS, 2-5, USE INSULATED WIRE!
( )2. Cut a piece of wire to fit between "Pi" pinl , and the point on

the board called "module ground" on the board drawing. NOTE:Make
the wire at least two inches longer than necessary to provide.
adequate slack.

( ') 3. Run wires from pins 2 and 3 of all four pots (Pi thru 4) to the
appropriate points on the board (see board assembly drawing).WIRE ONE AT A TIME TO AVOID CONFUSION!

( ) 4. Run wires from pins 1,2,4, and 5 of switch SI to the proper
board points.



»■■?:•■

V C 0.. ASSEMBLY "'•
page 3 of 7

( ) 5 Now, connect a wire from 10 of the 12 jacks, shown by the lettered /
arrows, to the holes near the edge of the board, labelled by
letters on the board drawing. NOTE: The lower two jacks
in the middle are unused. I
As an option, if LINEAR frequency modulation is desired,
you may connect one of these jacks(left unused in previous
step) to an additional 3 30k resistor (not supplied). , and
the other end of this resistor to RTO, at the side where.
R70 goes into the potted block on the board.

THIS COMPLETES ASSEMBLY OF YOUR AR-317 V.C.O.
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Arrows indicate a wire
to the PC board. All
wires with arrows and
ground bus with thick
lines must be
insulated.
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VCO TRIM PROCEDURE

VCO. TRIM PROCEDURE

NOTE: Although the VCO may be tr immed by ear, the fol lowing
procedure is recommended i f the test instruments are
a v a i l a b l e .

I ">1
I 1 2

Assembled VCO.
Power supply, regulated +15v and -15v. IMPORTANT: The VCO
should be trimmed using the actu d. supply you intend to use with
i t , i f p o s s i b l e , a s a s l i g h t l y d i f f e r e n t s u p p l y v o l t a g e
may change the frequency somewhat. However, i f i t is necessary
to use ano ther supp ly, the d i f fe rence i s no t se r ious .

I " )3 . Osc i l l oscope w i th d i rec t - coup led (DC) ve r t i ca l i npu t .
\ ' ) 4 . Accura te (1%) vo l tmete r .p re fe rab ly d ig i ta l .
( ) 5 . A f requency counter i s h igh ly des i rab le , bu t no t abso lu te ly

necessary.

NOW,PROCEED WITH THE TRIMMING
( ) 1. With the power supply off connect the +15v, -15v, "and ground

terminals of the V C 0 to the power supply. I f a connector is
not avai lable for the VCO board , you may connect cl ip leads r.
as follows1::

:+15 vol ts to p in 3 of "P2"
-15 vo l ts to p in 1 of "P2"
Ground to pin 1 of "Pi"

CAUTION:DOUBLE CHECK THESE CONNECTIONS! Reverse voltage
applied, even momentari ly, could destroy many components.

( )2. Connect the vol tmeter negat ive lead to ground, and the
p o s i t i v e l e a d t o p i n 2 o f " P I " .

( ) 3. Connect the scope and a f requency counter, i f avai lable, to
the sawtooth output .

( )<$ . Se t VCO f ron t pane l con t ro ls as fo l l ows :
COARSE FREQ. = 256
FINE FREQ.=X1
CONTROL 1=0
PULSE WIDTH 50%
RANGE SWITCII=X1

( )5 . Tu rn a l l t r impo ts (T l t h ru T6 ) t o app rox ima te l y cen te r pos i t i on
( )6. Switch power supply on. The scope should show an output. If

no t , t r y ad jus t i ng t r immer T4 .
I f s t i l l no ou tpu t , t u rn o f f powe r and check w i r i ng !

( ) 7 Adjust scope to see several cycles of the) waveform.
( ) 8. Set T4 (Sawtooth Offset) so that bottom peaks of waveform

are at -^ vol ts on the scope.
( )9. Set T3 (Sawtooth Amplitude) so that top peaks of waveform are

a t +5 v I t s .
( )10. Remove scope from sawtooth output, and connect to sine

( ) 11. Adjust*T6 (Sine Symmetry) for most symmetrical waveform
(top and bottom should have similar shape).
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12. Ad jus t T5 (S ine Pur i ty ) fo r bes t look ing s ine wave. I f c ies i red ,
connec t to an ampl i fie r and speaker, se t VCO f requency to
produce a medium pitch sound, and adjust T5 for purest
tone.NOTE: A distort ion meter may be used to get the purest
sine wave.

13. Go back and readjust T5", then T6, again, for the best wave
form.

14. bet COARSE FREQ. to 16 and FINE to XI.
15 . Connect scope and/or counter to t r iang le output . .
1 6 . A d j u s t T 2 ( I n i t i a l F r e q u e n c y ) f o r a f r e q u e n c y o f e x a c t l y

16 HZ, as closely as possible.
17. Using vol tmeter, adjust COARSE FREQ. control (PI) for exact ly

+9 .00 vo l t s a t p in 2 o f "P i " .
18 . Ad jus t T l (1 vo l t per oc tave) fo r an ou tput f requency o f

exactly 1024 Hz.

THIS COMPLETES TRIMMING OF YOUR VCO. When and if it is installed
in a syn thes izer, , i t i s adv isab le to make a fina l ad jus tment o f T l ,
jo that a l l V C O's t rack in tune with the keyboard.
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THEORY OF OPERATION OF AR-317

The basic waveform of the AR-317 is the tr iangle The sine

S t f f r ^ e ^ ■

is" an operat ional t ransconductance ampl ified whose out-
nut current is determined by the vol tage at p in 2 and the
current in to p in 5. To begin the loop explanat ion, assume
that ?he voltage at pin 2 of U2 is posit ive which means
t h a t c u r r e n t i s fl o w i n g i n t o p i n 6 f r o m t h e i n t e g r a t i n gt h a t c u r r e n t i s r i J £ . t h e r e f o r e d e c r e a s i n g

^ c o Ts t a n t r a t e ? I s a r e t h e v o l t a g e s o n t h e g a t e a n d s o u r c e
of the source fo l lower,04. The vol tage on the source of 04 is
added to the voltage at the emitters of Q5 and Q6 at pin 3 of
U 4 . S o l o n a a s t h i s s u m i s p o s i t i v e U - e - } " « v o l " ^ J

fi t t e r s i s n o r e p o s i t i v e t h a n t h e s o u r c e o f 0 4 x s ^ e o a t . v e ,
retheUbria„cedUemlt terSfr i lower consist ing fa «>>«.«) £**•
vo l tage d iv ider cons is t inc of 118 and R17 wi l l ho ld the P|n 2
I f m Pos i t i ve as i n the i n i t i a l assumpt ion . - Ihen the vo l tac ie
o n l l V 7 o u l Z e o ? m " e c o . e s s u f fi c i e n t l y n e g a t i v e t o o v e r c o m e t h e
ou put o f the ba lanced emi t te r fo l lower, p in J o r

" f , - „B and Din 6 of U4 wi l l auick ly swi tch to i ts negat ive
n e g a t i v e a n d p i n b o r u ; / - l n e a a t i v e a n d r e v e r s e s t h e

^ c t f o n - o f c u r ? f „ f i n ; i j ^ F ^ h a f S n e f t h f " ^

e n o u g h f 6 r t h e v o l t a g e a t t h e s o u r c e o f 0 4 t o o , n

«?« 5 nf T74 Since p 20 and R 19 are identical (1% resistors)
and U4 i s go ing to sw i tch i t s ou tpu t cond i t ion as i t s inpu t
X w i t h i n a f e w m i l l i v o l t s o f z e r o v o l t a g e , t h e c i r c u i t w i l l

w i t ch^hen the vo l tage a t the source o f 04 i s very near ly
i flpn i - i ra l to the vo l tage a t the emi t te rs o f the na iancea
emi t t e r f oUower.?h i s vo l t age i s accu ra te l y de te rm ined by

n^ r n f vo l taae d iv ide rs (R23 and R24 in the pos i t i ve
L ^ c t i o n - R ^ a n d R 2 7 X i n t h e n e g a t i v e d i r e c t i o n , a n d t h e c ^ p . n ,
diodes Dl and D2.These components combined with the balance
e m i t t e r. f o l l o w e r t r a n s i s t o r s c a u s e t h e e m i t t e r v o l t a g e t o
s w i n g a c c u r a t e l y b e t w e e n p l u s 5 v o l t s a n d r i n u •
Cor respond ing to th is , the t r iang le waveshape appear ing a t t ie
source^? ^swings accurate ly between p lus _ and . "^us 5 vo l ts .
S ince the ampl i tude is determined by the swi tchma leve ls o f
t n e o s c i l l a t i n g l o o p , t h e f r e q u e n c y i s d x 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
current of U2.

own
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The\ magni tude of th is current (p in 6 of U2) is ident ica 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 i onsh ip o f 1 vo l t pe r oc tave a t t he i npu t t o t he VCO i t
i s necessary to conver t t he l i nea r i npu t vo l tage leve ls i n to an
accurate exponent ia l cur rent which flows throughR!3 in to U2.
This convers ion is accompl ished by a ser ies of carefu l ly-
selected and temperature compensated components which have been
p o t t e d t o g e t h e r a s p a r t o f t h e p r i n t e d c i r c u i t b o a r d . T h e _
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 funct ion of the vol tage at the junct ion of R8, .
R IO , and R l l . U l i s an i npu t ope ra t i ona l amp l i fie r wh ich
p roduces the p rope r amp l i t ude o f l i nea r vo l taae va r ia t i on fo r
the inpu t o f the exponen t ia l conver 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 amp l i tude . I t i s then
fed to the output connect ion through R54. I t i s a lso fed
throuah Q10 and Ql l to the inputs o f U6.By u t i l i z 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 closely resembl ing a s ine
wave is p roduced between the co l lec tors . Th is is ampl ified
by U6 and applied through R5 3 to the output connection.
The tr iangle is also fed-"throuah R55 to pin 2 of U7* Hince
U7 is operat ing wi thout feedback i ts output a t p in 6 is a lways
a t sa tu ra t i on , e i t he r pos i t i ve o r nega t i ve , depend ing on the
polar i ty of the voltage between pins 2 and 3. When P4 is at i ts
m idpo in t and the re i s no ou tpu t to the PWM jack , the P f^ i t y
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 ths con t ro l , P4 , i s moved in the pos i t i ve d i rec t ion ,
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 i ca l . Car r ied to
the ext reme, 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 Rb9 and R6U
l im i t t he ou tpu t amp l i t ude 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 CIS with the second
output o f the exponent ia l conver ter. The vo l tage on C1B wi l l
- 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 Q3 and 07. Q8 and Q7 hold each other
in conduct ion unt i l the vol tage across them decreases to a smal l
va lue a t which t ime they both s top conduct ing. C18,_then, s tar ts
to charge aga in unt i l the next synchron is ing pu lse is produced
by the main oscillating loop»The constant, rate-charge and f as u
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■ION

discharge of CIS is the desired sawtooth waveshape which is
Passed through the source fo l lower Q9 to the operagonal
'amplifier 05. The output of U5 is passed through R«=Q bo bhe
outpu t connec t ion .

I f the VCO is to be synchronized by an external s ignal , the
incoming voltage is amplified by 012 and Q13 before being
Appl ied9to th ree separa te p laces. The s igna l app l ied to
point " .A" d ischarges C16 to prepare for the star t of a cyc le.
?£ s i gna l app l i ed t o po i n t " 3 " d r i ves p i n 3 o f U4 (pos i t i ve , /

latched by i ts own feedb?ck- -aga in ready fo rauseswhich then .
t he s ta r - o f a cvc l e . The s i gna l app l i ed t o po in t C
Q8 and 07 to conduct and discharge C18 for the start
another sawtooth cycle.



,'.; t '-'

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 ive and p in 6 o f 04 w i l l au ick ly sw i tch to i t s negat 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 vol tage 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 in 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 wi 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 tput 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 synchronis 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

- 2 -

■ - ' ~ ■ •



« T H E O R Y O F O P E R A T I O N
317

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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