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3.3.3 M3 Layout i1 uiluiiozdeadienlulusunsy Orcad $90103003.3.3) iflums
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swuﬁ 2 Function Generator
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!L‘i.l‘l.l‘ﬁl Fixed Sine Generator

SPEAKER

FIX SINE GENERATOR

gﬂﬁS.Q uﬁmgﬂﬂdmsmu Fixed Sine Generator

HULN 2 Function Generator
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——
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e

gﬂﬁ.”. 10 megﬂﬂdmtmu Function Generator
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3.4 Quinck’s Tube

. | " 4 & o 4
Quinck’s tube ITlunoauauine gatszasavesriotife 1315 umshmnansaiiogns
= A Y = 1 1 < ~ A 0o a
unsneeavedvuiie IaNud lugua1e aanudlylumsneasszinnnasosduiia
w‘él!ﬂﬁﬂ!ﬂ’ﬂwa fiD Fix Sine Generator 11a¢ Function Generator ttaz 1% luminianueInay

e lmamanud desluome

ANHULVDIND Quinck’s tube

3UN3.11 uerAdnyAZUDING Quinck’s tube
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3.5 351N INAavg

lumsnaaeusaziingiassez@ouuenio Quinck’s tube Taoms ¥ dwananiudiih
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' = o o
hluiomsnanosuas 1yudosidsiga v3eld Digital multimeter Tun133aTaadiea

A~

g Welimsunsnaeavouioanislune Quinck’s tube

JUN3.12 narnamsnaana laens 14 Digital multimeter
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UNN 4
NANINARDIUAZMTIATIZHNANITNATD

4.1 HaNInNaaa

4.1.1 HaN1INAad4 Fixed Sine Generator

sS4 o | o 1 4 1
anudnvhmsiindgmanualumnases dszneudienaenisnanes 2 e

JUN 4.1 1aAINIITNABBUVY Fixed Sine Generator



Fixed Sine Generator (Na84a#1)

ar

Tasmsldyis WuGoshdsiga)
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i 770 Hz 950Hz 1140Hz 1290Hz
— 1 2 1 2 1 2 1 2
1 1500 | 3100 | 6.80 | 2530 | 14.00 | 2930 | 1020 | 23.70
2 1450 | 3480 | 670 | 2430 | 1400 | 2040 | 9.60 | 22.90
3 1600 | 37.10 | 590 | 2370 | 1490 | 29.60 | 10.00 | 23.30
4 1450 | 3700 | 620 | 23.50 | 15.00 | 2070 | 1020 | 2470
5 1520 | 3830 | 550 | 2500 | 15.00 | 29.40 | 10.00 | 23.50
iy 1504 | 3564 | 622 | 2436 | 14.58 | 2948 | 10.00 | 23.62
Taums 14 Digital Multimeter (9 T2adTigaiign)
awd 770Hz 950Hz 1140Hz 1290Hz
28zem 1 2 1 2 1 2 1 2
1 1560 | 3510 | 550 | 2450 | 13.70 | 2650 | 9.70 | 24.50
2 1530 | 3630 | 590 | 25.70 | 13.80 | 26.00 | 10.00 | 23.00
3 1650 | 3590 | 620 | 2450 | 1450 | 29.00 | 10.60 | 23.40
4 1450 | 3550 | 630 | 25.00 | 1330 | 2800 | 950 | 23.50
5 1520 | 3530 | 600 | 23.60 | 1470 | 2000 | 930 | 24.00
iy 1542 | 3562 | 598 | 24.66 | 1400 | 27.70 | 9.82 | 23.68




Fixed Sine Generator (mimf&-m)

Tasmsldyis MuGoshdsfiga)

36

=
AU

770Hz 950Hz 1130Hz 1290Hz
Febhan 1 2 1 2 1 2 1 2
1 1470 | 33.00 | 670 | 2220 | 1130 | 29.00 | 1020 | 22.50
2 1520 | 3330 | 630 | 2270 | 1050 | 28.60 | 10.90 | 23.30
3 15.10 | 31.50 | 6.00 | 2350 | 1070 | 27.70 | 10.50 | 23.40
4 14.60 | 32.50 | 600 | 21.60 | 10.00 | 27.00 | 10.80 | 23.60
5 14.80 | 3270 | 610 | 2320 | 1090 | 27.30 | 10.00 | 22.00
inde 14.88 | 32.60 | 622 | 22.64 | 1068 | 27.92 | 1048 | 22.96
Taun314 Digital Multimeter (9 Taadfigsfiga)
AvA 770Hz 950Hz 1130Hz 1290Hz
2Ugem 1 2 1 2 1 2 1 2
1 1520 | 3420 | 6.00 | 24.00 | 1330 | 31.20 | 10.60 | 23.50
2 14.80 | 3420 | 590 | 23.50 | 1550 | 3040 | 9.50 | 21.80
3 1500 | 3430 | 570 | 2400 | 1430 | 3010 | 10.10 | 22.60
4 1430 | 3490 | 570 | 2330 | 1540 | 2910 | 970 | 21.50
i 5 1430 | 33.10 | 6.00 | 23.00 | 14.00 | 2890 | 10.50 | 22.00
 mle | 1472 | 3414 | 586 | 23.56 | 1450 | 2994 | 1008 | 228




37
4.1.2 #anN13NAaad Function Generator

A livhmstingmnnualunisnaass szaendisndosnananos 2 4

7171 4.2 1@AAINITNAADANUD Function Generator



Function Generator (fa84a¢)

Taomsldyits (adosiivaiige)
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AA 800Hz 1000Hz 1200Hz 1400Hz
JEYTem 1 2 1 2 1 2 1 2
1 13.00 | 3330 | 600 | 21.80 | 1350 | 30.50 | 820 | 23.50
2 13.50 | 34.00 | 520 | 2220 | 14.80 | 2880 | 7.50 | 24.00
3 13.40 | 32.50 | 580 | 22.00 | 14.10 | 2820 | 7.00 | 19.00
4 1420 | 3350 | 5.80 | 22.60 | 13.50 | 2030 | 6.80 | 20.00
5 1430 | 3200 | 530 | 22.00 | 1400 | 2050 | 7.60 | 222
inay 13.68 | 33.06 | 5.62 | 2212 | 1398 | 2026 | 7.42 | 21.74
Taums 14 Digital Multimeter (g 12adTigefiga)
AR 800Hz 1000Hz 1200Hz 1400Hz
s%8zem 1 2 1 2 1 2 1 2
1 14.10 | 3500 | 650 | 27.40 | 13.80 | 3030 | 800 | 24.10
2 1340 | 3400 | 590 | 27.20 | 13.00 | 3000 | 9.40 | 22.40
3 14.10 | 3330 | 6.10 | 27.50 | 13.10 | 3170 | 870 | 21.20
4 13.00 | 33.00 | 620 | 27.70 | 13.80 | 3020 | 880 | 24.20
5 1210 | 3660 | 6.80 | 2800 | 1270 | 29.80 | 7.90 | 24.30
may 1334 | 3438 | 630 | 27.56 | 13.28 | 3040 | 856 | 2324




Function Generator (ndm?m‘n)

v
o

Taoms 1oyt (TaGoenidanga)
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ad 800Hz 1000Hz 1200Hz 1400Hz
52Uzcm 1 2 1 2 1 2 1 2
1 1350 | 3400 | 620 | 22.10 | 13.00 | 2970 | 7.90 | 21.10
2 12.10 | 34.60 | 690 | 2140 | 1330 | 31.50 | 7.20 | 20.50
3 1290 | 35.10 | 6.50 | 22.40 | 1230 | 3070 | 740 | 21.80
4 1230 | 3480 | 6.00 | 2230 | 1230 | 3030 | 7.80 | 20.80
5 13.00 | 3500 | 660 | 2220 | 13.50 | 3030 | 770 | 21.00
iy 1276 | 3470 | 644 | 2208 | 12.88 | 3050 | 7.60 | 21.04
Taums 19 Digital Multimeter (§ TaadTigiign)
A 800Hz 1000Hz 1200Hz 1400Hz
J¥UTcm 1 2 1 2 1 2 1 2
1 13.80 | 3400 | 6.00 | 2050 | 1400 | 2000 | 7.70 | 21.00
2 13.80 | 32.00 | 600 | 21.50 | 13.40 | 3000 | 7.60 | 20.20
3 13.00 | 34.10 | 620 | 2050 | 11.50 | 2630 | 7.80 | 20.50
4 1320 | 3390 | 580 | 2070 | 13.20 | 29.10 | 720 | 20.80
5 1370 | 3400 | 600 | 22.16 | 11.50 | 3130 | 7.10 | 21.10
i 13.50 | 3360 | 600 | 21.06 | 1272 | 29.14 | 748 | 2072
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4.2.1 Fixed Sine Generator

Fixed Sine Generator (NA83a#1)

ar

Tasmsliyis ladeafidaiign)

770Hz
Path Different = A
O = A
(35.64 - 15.04)2 = A
A = 20.6(2)
= 41.2/100 (m)
Vv = (770)(41.2/100 (m))
= 317.24 m/s
|3 17.24—-346
Error = —— 100
346

= 8.31%
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S0Hz

Path Different

Li-12

(24.36 - 6.22)2

A
Vv
Error
140Hz
Path Different
Li—-L2

(29.48 - 14.58)2

A

Error

Il

18.14(2)
= 36.28/100 (m)
= (950)( 36.28/100 (m))

= 344.66 m/s

344.66—346
m———— 100

346

= 0.39%

14.9(2)

f

29.8/100 (m)

(950)( 29.8/100 (m))

Il

339.72 m/s

339.72-346
—|x100

346

= 1.82%
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1290Hz
Path Different = A
Li-I2 = A
(23.62 - 10)2 = A
A = 13.62(2)
= 27.24/100 (m)
v = (1290)( 27.24/100 (m))
= 351.39 m/s
I 351.39-346
Error =i frrrre—x 100
346

= 1.56%

Taensl¥ Digital Multimeter (glaanngaiiga)

770Hz
Path Different = A
Li-1L2 = A
(35.62 - 15.42)2 = A
A = 20.2(2)
= 40.4/100 (m)
v = (770)(40.4/100 (m))

= 311.08 m/s

43



311.08-346
Error = IT x100
= 4.31%
S0Hz
Path Different = A
Li-La2 = A
(24.66 — 5.98)2 = A
A = 18.68(2)
= 37.36/100 (m)
\% = (950)(36.28/100 (m))
= 35492 m/s
Error = ,M x100
346
= 2.58%
1140Hz
Path Different = A
Li-L2 = A
(27.7-14)2 = A
A = 13.7(2)
= 27.4/100 (m)
v = (1140)(27.4/100 (m))

312.36 m/s



Error

1290H

Path Different

Li-12

(23.68 - 9.82)2

A

Error

312.36-346
—|x100

346

= 9.72%

= 13.86(2)
= 27.72/100 (m)
= (1290)(27.72/100 (m))

= 357.59 m/s

357.39-346
= |=———Ix100

346

= 3.35%
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Fixed Sine Generator (ndm‘?‘nn)

s

TasmsBiyis (Wadosiigsfiga)

170Hz
Path Different = A
Li-L2 = A
(32.60 — 14.88)2 = A
A = 17.72(2)
= 35.44/100 (m)
v = (770)( 35.44/100 (m))
= 272.88 m/s
Error = ,w x100
346
= 21.13%
950Hz
Path Different = A
Li—L2 = A
(2.64 -6.22)2 = A
A = 16.42(2)
= 32.84/100 (m)
v = (950) 32.84/100 (m))

= 311.98 m/s
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Error

1130H=z

Path Different

Li—-L2

(27.92 - 10.68)2

A
Vv
Error
1290Hz
Path Different
Li—-12

(22.96 — 10.48)2

A

|31 1.98-346
B 346

x100

= 9.83%

Il

17.24(2)

il

34.48/100 (m)

I

(1130)( 34.48/100 (m))

= 389.62 m/s

l 389.62—346
- 346

x100

= 12.60%

il
-

= 12.48(2)

= 24.96/100 (m)

= (1290)(24.96/100 (m))

= 321.98 m/s
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321.98-346
346

Error = l x100

= 6.94%

Iaeims1¥ Digital Multimeter (glaadfigatign)

770Hz
Path Different = A
Li-I2 = A
(34.14 -14.72)2 = A
A = 19.42(2)
= 38.84/100 (m)
v = (770)( 38.84/100 (m))
= 299.07 m/s
Error = I:2"“"3"('9"9‘7_—34‘5 x100
346
= 13.56%
950Hz
Path Different = A
Li-L2 = A
(23.56 - 5.86)2 = A
A = 17.7(2)
= 35.4/100 (m)

v = (950)(35.4/100 (m))
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Error

1130Hz

Path Different

Li—-L2

(29.9-14.5)2

Error

It

I

il

fl

336.3 m/s

|336.3-—346
346

2.8%

15.44(2)

30.88/100 (m)

(1130)( 30.88/100 (m))

348.94 m/s

|348.94-—346

346

0.89%

x100

x100
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1290Hz
Path Different = A
Li—1L2 = A
(22.28 - 10.08)2 = A
A = 12.2(2)
= 24.4/100 (m)
Vv = (1290)( 24.4/100 (m))
= 314.76 m/s
314.76—-346
Error = e 100
346
= 9.03%

Function Generator (ﬂﬁ‘ﬂdaﬁn

2

TaomsliyWs (Hadusiidafiga)

800Hz
Path Different = A
Li-L2 = A
(33.06 — 13.68)2 = A
A = 19.38(2)
= 38.76/100 (m)
\'% = (800)( 38.76/100 (m))

I

310.08 m/s
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Error

1000Hz

Path Different

Li-12

(22.12-5.62)2

A
Vv
Error
1200Hz
Path Different
Li-12

(29.26 - 13.98)2

A

]

1l

1l

,310.08—346
346

10.38%

16.5(2)

33/100 (m)

x100

(1000)( 33/100 (m))

330 m/s

|330—346
346

4.62%

15.28(2)

30.56/100 (m)

x100

= (1200)( 30.56/100 (m))

366.72 m/s
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Error

1400H.

Path Different

Li-12

(21.74 - 7.42)2

A

Error

366.72—-346
e sasad b 6 115,

346

= 5.99%

Il

14(2)
28/100 (m)
(1400)( 28/100 (m))

392 m/s

392-346
Em——ix100

346

= 13.29%

Taeins1¥ Digital Multimeter (glaafifigefign)

800Hz

Path Different

Li-12

(34.38 — 13.34)2

1l

21.04(2)

42.08/100 (m)

(800)( 42.08/100 (m))

52



= 336.64 m/s

I

Error
1000Hz
Path Different =
Li-12 =
(27.56 -6.3)2 =
A =
V =
Error =
1200Hz
Path Different =
Li-L2 =
(30.4 -13.28)2 =
A =

e
I

336.64—346
——|x100

346

2.70%

21.26(2)
42.52/100 (m)
(1000)( 42.52/100 (m))

425.2 m/s

|425.2—346
———|x100

346

22.89%

17.12(2)

34.24/100 (m)

(1200)( 34.24/100 (m))
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= 410.88 m/s
. |41o.38—346 100
ITOr = 346 X
= 18.75%
1400Hz
Path Different = A
Li—-L2 = A
(23.24 - 8.56)2 = A
A = 14.68(2)
= 29.36/100 (m)
\% = (1400) 29.36/100 (m))
= 411.04 m/s
411.04-346
Error = r————— 1 00
346
= 18.80%

Function Generator (ﬂdada'lln)

L

Taemsliyla (Tadefideiign)

800Hz
Path Different = A
Li-L2 = A
(34.7-12.76)2 = A
A = 21.94(2)
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Error

1 Hz

Path Different

Li—-12

(22.08 - 6.44)2

Error

H

I

I

43.88/100 (m)
(800)( 43.88/100 (m))

351.04 m/s

351.04-346
—|x100

346

1.46%

15.64(2)
31.28/100 (m)
(1000)( 31.28/100 (m))

312.8 m/s

312.8—-346
—|x100

346

9.59%
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1200Hz

Path Different

Li-12

(30.5-12.88)2

A

Error

1400Hz

Path Different

Li-12

(21.04-7.6)2

Error

= 17.62(2)

I

35.24/100 (m)

i

(1200)( 35.24/100 (m))

= 422.88 m/s

) ,422.88—346]
- 346 |

22.22%

il

= 13.4402)

il

26.88/100 (m)

(1400)( 26.88/100 (m))

= 376.32 m/s

376.32—-346
= |=——x100

346

= 8.76%
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Taem31¥ Digital Multimeter (glaaafigaiga)

800Hz
Path Different = A
Li-L2 = A
(33.6 - 13.5)2 = A
A = 20.1(2)
= 40.2/100 (m)
v = (800)(40.2/100 (m))
= 321.6 m/s
. _ |32 1.6—346 i
346
= 7.05%
1000Hz
Path Different = A
Li-L2 = A
(21.06 - 6)2 = A
A = 15.06(2)
= 30.12/100 (m)
\% = (1000)( 30.12/100 (m))

301.2 m/s
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Error

1200Hz

Path Different

Li—-L2

(29.14-12.72)2

A
Vv
Error
1400Hz
Path Different
Li-12

(20.72 - 7.48)2

A

301.2-346
tiriemisicniemainin | 2 ()()

346

= 12.95%

= 16.42(2)
= 32.84/100 (m)
= (1200)( 32.84/100 (m))

= 394.08 m/s

|394.08-—346
h 346

x100

= 13.90%

= 13.24(2)

= 26.48/100 (m)

(1400)( 26.48/100 (m))

I

370.72 m/s
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370.72—-346
Error =

100
346 |

7.14%

¢
4.3 MIBPATZHRANTINANDY

‘ 1
4.3.1 MIUNFITHIHAMANUANANABY (Error)

; A mitldnnmsnanes—ai 18vnngui
N MANUANAIRNBU(Error) =

59

- - x100%
A Idnmgui
Fixed Sine Generator (nﬁaaﬁﬁn
amuantanaeu Inonts 19y lunisls (luftesidsige)
anud 770Hz 950Hz 1140Hz 1290Hz
Error 1 2 1 2 1 2 1 2
Error (%) 0.27 4.96 3.67 1.50 2.80 1.73 4.76 1.58
1 A ¥, . ol P
manuAaIanaeu laons 19 Digital Multimeter (§ [7aANganga)
A 770Hz 950Hz 1140Hz 1290Hz
Error 1 2 1 2 1 2 1 2
Error (%) - 2.80 5.01 0.33 2.75 6.67 7.67 6.47 1.33




Fixed Sine Generator (na'm‘ir‘-m)

o

manunaamaou Tasns Iy lumsds (Tadvshidafiga)

60

AMD 770Hz 950Hz 1130Hz 1290Hz
Error 1 2 1 2 1 2 1 2
Error (%) 187 | 3056 | 3.67 | 567 | 3527 | 1275 | 019 | 433
1 & ¥, . I A
Annuamamasu Iauns 14 Digital Multimeter (g 17adngangn)
ANND 770Hz 950Hz 1130Hz 1290Hz
Error 1 2 1 2 1 2 1 2
Error (%) 1.33 29.65 2.33 1.87 12.12 6.44 4.00 1317
Function Generator (1@848¢1)
: 4 n o d
aanuamandou Tasms 19y Tumsis (Tudoendsiga)
AN 800Hz 1000Hz 1200Hz 1400Hz
Error 1 2 1 2 1 2 1 2
Error (%) 5.23 4.17 12.40 1.68 3.56 4.50 1.06 8.70
annuaaanasu Iaoms 19 Digital Multimeter (g Tadfigafiga)
A 800Hz 1000Hz 1200Hz 1400Hz
Error 1 ), 1 2 1 2 1 2
Error (%) 0.02 0.01 26.00 | 22.48 1.63 8.57 14.13 16.20
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Function Generator (ﬂdaaﬁun)

manuamamaou lasms 1y lunsls (aGoeiid

Aanga)
A 800Hz 1000Hz 1200Hz 1400Hz
Error 1 7 1 2 1 2 1 2
Error (%) 185 | 206 | 288 | 1.87 | 459 | 893 | 133 | 520
! & o : dd A
MANuAMANABY 1AM 19 Digital Multimeter ( 120ANgaNga)
AR 800Hz 1000Hz 1200Hz 1400Hz
Error 1 2 1 2 1 2 1 2
Error (%) 385 | 118 | 2000 | 640 | 555 | 407 | 027 | 3.60

4.3.2 AuliBaunasg v

11

v A ° oA . o
“miuf)\,ﬂ']nﬂ‘]ﬁﬂ“—l']ﬂlﬂ"ﬂ.]ﬂ\“”uu1ﬁ5i1ua1u1iﬂ1ﬂﬂﬁ“ﬂiﬂ Microsoft Excel 1uﬂ1ﬁﬂ1u’]m

8

msmudn 19 gas

=STDEV(A1:A5)
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sl 770 Hz 950Hz 1140Hz 1290Hz
TTULem 1 2 1 2 1 2 1 2
, 1 1500 | 31.00 | 6.80 | 2530 | 14.00 | 29.30 | 10.20 | 23.70
2 1450 | 34.80 | 6.70 | 2430 | 14.00 | 2940 | 9.60 | 22.90
3 1600 | 37.10 | 590 | 23.70 | 14.90 | 29.60 | 10.00 | 23.30
4 1450 | 37.00 | 620 | 2350 | 1500 | 29.70 | 10.20 | 24.70
5 1520 | 3830 | 550 | 25.00 | 15.00 | 29.40 | 10.00 | 23.50
S.D. 062 | 288 | 054 | 079 | 053 | 0.16 | 024 | 067
Tavm314 Digital Multimeter (g T2affigafiqn)
ANwa 770Hz 950Hz 1140Hz 1290Hz
J¥Y¥cm 1 2 1 2 1 2 1 2
1 15.60 | 35.10 | 550 | 24.50 | 13.70 | 26.50 | 9.70 | 24.50
2 1530 | 3630 | 590 | 2570 | 13.80 | 26.00 | 10.00 | 23.00
3 1650 | 3590 | 620 | 24.50 | 14.50 | 29.00 | 10.60 | 23.40
4 1450 | 3550 | 630 | 25.00 | 13.30 | 28.00 | 9.50 | 23.50
5 1520 | 3530 | 6.00 | 23.60 | 1470 | 29.00 | 930 | 24.00
S.D. 072 | 048 | 031 | 077 | 058 | 139 | 051 | 058
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A 770Hz 950Hz 1130Hz 1290Hz
TR 1 2 1 2 1 2 1 2
1 1490 | 26.00 | 6.70 | 2220 | 11.30 | 29.00 | 1020 | 22.50
2 1560 | 26,70 | 630 | 2270 | 10.50 | 28.60 | 1090 | 23.30
3 1460 | 2500 | 6.00 | 2350 | 1070 | 27.70 | 10.50 | 23.40
4 1570 | 2560 | 6.00 | 21.60 | 10.00 | 27.00 | 10.80 | 23.60
5 1560 | 2690 | 6.10 | 2320 | 1090 | 27.30 | 10.00 | 22.00
S.D. 049 | 078 | 029 | 076 | 048 | 085 | 038 | 0.68
Taums 14 Digital Multimeter (g Tadiigaiign)
Ad 770Hz 950Hz 1130Hz 1290Hz
520U%em 1 2 1 p 1 2 1 2
1 1510 | 26,50 | 6.00 | 24.00 | 1330 | 3120 | 10.60 | 23.50
2 1520 | 26.60 | 590 | 23.50 | 1550 | 3040 | 9.50 | 21.80
3 1560 | 2550 | 570 | 24.00 | 1430 | 30.10 | 10.10 | 22.60
4 1480 | 2670 | 570 | 2330 | 15.40 | 29.10 | 9.70 | 21.50
5 1530 | 26,60 | 6.00 | 23.00 | 14.00 | 2890 | 10.50 | 22.00
S.D. 029 | 049 | 015 | 044 | 094 | 095 | 048 | 0.79
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Function Generator (ﬂﬁ'ﬁdﬁﬁl) ﬁn'uﬁmmummgm(s.n.) Aai

]
o

Taemsldyfs Tudvandaiiga)

A 800Hz 1000Hz 1200Hz 1400Hz
TeUTcm 1 2 1 2 1 2 1 2
1 13.00 | 3330 | 600 | 21.80 | 13.50 | 30.50 | 820 | 23.50
2 1350 | 3400 | 520 | 2220 | 14.80 | 28.80 | 7.50 | 24.00
3 1340 | 3250 | 580 | 22.00 | 14.10 | 2820 | 7.00 | 19.00
4 1420 | 33.50 | 580 | 2260 | 13.50 | 2030 | 6.80 | 20.00
5 1430 | 32.00 | 530 | 22.00 | 14.00 | 2950 | 7.60 | 22.20
S.D. 055 | 080 | 034 | 030 | 054 | 085 | 055 | 217

1
=

Taums 19 Digital Multimeter (g T2aAfigafiga)

AR 800Hz 1000Hz 1200Hz 1400Hz

ITYTem 1 2 1 2 1 2 1 2

1 14.10 | 35.00 6.50 27.40 | 13.80 | 30.30 8.00 24.10

13.40 | 34.00 5.90 27.20 | 13.00 | 30.00 9.40 22.40

14.10 | 33.30 6.10 27.50 | 13.10 | 31.70 8.70 21.20

12.10 | 36.60 6.80 28.00 12.70 | 29.80 7.90 24.30

2

3

4 13.00 | 33.00 6.20 27.70 | 13.80 | 30.20 8.80 24.20
5

D

0.83 1.46 0.35 0.30 0.50 0.75 0.62 1.38
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ﬂ"J'ﬂJ?:I 800Hz 1000Hz 1200Hz 1400Hz
ICYTem 1 2 1 2 1 2 1 2
1 13.50 | 34.00 6.20 22.10 13.00 | 29.70 7.90 21.10
2 12.10 | 34.60 6.90 21.40 13.30 | 31.50 7.20 20.50
3 12.90 | 35.10 6.50 2240 | 1230 | 30.70 7.40 21.80
4 12.30 | 34.80 6.00 22.30 12.30 | 30.30 7.80 20.80
5 13.00 | 35.00 6.60 22.20 13.50 | 30.30 7.70 21.00
S.D. 0.56 0.44 0.35 0.40 0.56 0.66 0.29 0.48
Taums 19 Digital Multimeter (9 Tandfigefiqe)
ﬂ'J'lii‘él 800Hz 1000Hz 1200Hz 1400Hz
F¥UTcm 1 2 1 2 1 2 1 2
1 13.80 | 34.00 6.00 20.50 14.00 | 29.00 7.70 21.00
2 13.80 | 32.00 | 6.00 | 21.50 | 13.40 | 30.00 | 7.60 | 20.20
3 13.00 | 34.10 6.20 20,50 | 11.50 | 26.30 7.80 20.50
4 13.20 | 33.90 5.80 20.70 13.20 | 29.10 7.20 20.80
5 13.70 | 34.00 6.00 22.16 11.50 | 31.30 7.10 21.20
S.D. 0.37 0.90 0.14 0.73 115 1.83 0.31 0.40
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Function Generator (XR 2206)



2 +DIY XR2206 Funiction Generator

DIY XR2206 Furiction Generator 7
DIY Function Generator 20Hz - 100KHz with XR2206 IC

hlip-Htadichobbystore com

In this short review we would like to introduce you schematic for our DIY Function Generator XR2206 Kit.

As you can see it contains only several components. XR2206 is very interesting chip manufactured by EXAR and it was designed to produce sine, triangle and square
wave. The output frequency has 4 ranges and you can toggle the timing capacitor C4 - C7 with a Jjumper or rotary selector. R6 is the coarse control and R is the fine
control of the frequency. R3 is the amplitude control. R10 is determines the minimum amplitude level. You can do some experiments with it value,

Actually the XR2206 IC can generate up to 1MHz, but to keep good control linearity we reduce the total frequency ranges of the kit to 20Hz - 100KHz. However you
are free to experiment with R5, R6 values to increase the output frequency.

R1, R2 ratio control the frequency offset and we use in the kit 2 matched resistor. But you can use extemal rotary potentiometer 10K instead R1 and R2 to control the
offset.

R7, R8s the sine wave calibration timmers. If you have scope you can calibrate the purity of the sine wave to 0.5% TDH. In case you can't reach a osdilloscope,
then trim R8 to 200 Ohm before power on and ignore R7 installation. Without calibration the XR2206 IC can produce sine waves with 2.5% THD.

Calibration should be made as follows:

1. Set the 5/T jumper to close for the sine wave output.

2. Set frequency jumper to C5 100nF.

3. Connect 12V power supply and oscilloscope probe. Power up the device.

4. Set the amplitude to the maximum with R3.

5. Set the frequency to 1KHz with R6 and R9.

6. Use a screwdriver to trim R7 to the midpaint and adjust R8 for minimum distortion.
7. With R8 set as above, adjust R7 further reduce distortion,

12v
Trangle/Sine

www.radiohobbystore.cdm F

o LT =¥ Symmetry Agy
[ i J-:'m,. <
st

a i ] iy

10 e — 5 ¢
Py Yl |

vy

Amphlude

20Hz-100Hr

=

100Hz- 1KH:

TKHz-10KHz

10KHz- 1D0KH

Frequency - Coorse R

Frequency - Fine  pg

R4 is a pull-up resistor to square wave open collector out. The square wave output frequency is also controlled by R6, R9. But R3 has no effect on the amplitude of
the square wave.

The XR2206 has 20ppm/C temperature stability. However we supply high quality timing capacitors C4 - C7 for frequency ranges to reduce temperature drifts.

The kit is very simple to solder if you follow our PDF manual. For short demonstration video and full technical specification of the kit please follow the link:
DIY XR2200 Function Generator Kiy
XR2206 Project Box
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SPECIFICATIONS
OUTPUT:

* Waveforms: Sine, triangle, square
* Impedance: 600Q +10%
* Frequency: 1Hz - 1MHz in 6 decade steps with variable ranges.

SINE WAVE:
* Amplitude: 0 - 3Vpp
* Distortion: Less than 1% (at 1kHz)
¢ Flatness: +0.05dB 1Hz - 100kHz

SQUARE WAVE:
* Amplitude: 8V (no load)
* Rise Time: Less than 50ns (at 1kHz)
* Fall Time: Less than 30ns (at 1kHz)
* Symmetry: Less than 5% (at 1kHz)

TRIANGL.E WAVE:
* Amplitude: 0-3Vpp
* Linearity: Less than 1% (up to 100kHz)

POWER REQUIREMENTS:
 Standard 9V battery

OPERATING TEMPERATURE:
* 320F (0°C) to 122°F (50°C)



INTRODUCTION

Your FG-500 Function Generator contains a complete function generator capable
of producing sine, square and triangle wave forms. The frequency of this generator
can be continuously varied from 1Hz to 1MHz in 6 steps. A fine frequency control
makes selection of any frequency in between easy. The amplitude of the sine and
triangle waveforms are adjustable from 0 to 3Vpp. This complete function generator
system is suitable for experimentation and applications by the student. The entire
function generator is comprised of a single XR-2206 monolithic IC and a limited
number of passive circuit components. The unit is powered with a 9V battery.

THEORY OF OPERATION

The heart of the FG-500 Function Generator is the XR-2206 monolithic
function generator integrated circuit. The XR-2206 is comprised of four main
functional blocks as shown in the functional block diagram (Figure 1). They
are:

* A Voltage Controlled Oscillator (VCO)
* An Analog Multiplier and Sine-shaper

* Unity Gain Buffer Amplifier
* A set of current switches FUNCTIONAL BLOCK DIAGRAM

The VCO actually produces an output . 1 —16]
frequency proportional to an input  ses. =1 it

b . Cuput | 2 15
current, which is produced by a resistor e é Muligey 5]
from the timing terminals to ground. The

> -_
sha 114 Wavelorm

Shaper

current switches route one of the * [4] H13] —
currents to the VCO to produce an .5 [BH 15} rours

Sync
11]  oupu

output frequency. Which timing pin C“"KE—

current is used, is controlled by the FSK 4 [10] oyass
input (pin 9). In the FG-500, the FSK  ~i | & 5] o

input is left open, thus only the resistor
on pin 7 is used. The frequency is Figure 1
determined by this formula:

f,= 1/RC Hz

where f, is the frequency in Hertz
R is the resistance at pin 7 in Ohms
C is the capacitance across pin 5 and 6 in Farads

Note that frequency is inversely proportional to the value of RC. That is,
the higher the value of RC, the smaller the frequency.

The resistance between pins 13 and 14 determine the shape of the cutput
wave on pin 2. No resistor produces a triangle wave. A 2000 resistor
produces a sine wave.

<D



FUNCTIONAL DESCRIPTION

The FG-500 is a function generator integrated circuit capable of producing
high quality sine, triangle, and square waves of high stability and accuracy.
A picture of each waveform is shown below:

N A T

Sine Wave Triangle Wave Square Wave

CONTROL PANEL FUNCTIONS

ELENCO"
FUNCTION GENERATOR
MODEL FG-500

Frequency y 3 .Fine
Control & ; "J""‘"—Adcj;ustre’m
ontro
Amplitude
Y —T B
On/Off Switch =% SEEEE S ,-Singﬂ' _rtiarr:gle
2 ; LT witc
e ! Squarewave
g ‘ Output
Sine/Triangle ‘ Ground
Output



CONTROLS
RANGE SWITCHES

Six ranges of frequency are provided by the range switch as shown in Table
1. '

POSITION @ TYPICAL FREQUENCY RANGE
) - 1Hz - 15Hz :
. ' ~ 10Hz - 150Hz
100Hz - 1.5kHz
1kHz - 15kHz
10kHz - 150kHz
100kHz - 1MHz

for B4, B ISV G

Table 1

SINE/TRIANGLE SWITCH
This SINE/TRIANGLE Switch selects the waveform, sine wave or triangle
wave, sent to the SINE/TRIANGLE output terminal.

FREQUENCY MULTIPLIER

The multiplier is a variable control allowing frequency settings between
fixed ranges. The ranges are as shown in Table 1.

AMPLITUDE CONTROL

The Amplitude Control provides amplitude adjustment from near 0 to 3V
or greater for both sine and triangle waveforms.

ON/OFF SWITCH
The ON/OFF Switch turns the power to the FG-500 on or off.

OUTPUT TERMINAL

The output marked SINE/TRIANGLE provides the sine and triangle
waveforms. The oulpul marked SQUARE WAVE provides the square
wave. The output marked GND provides the ground for all output
waveforms.



SCHEMATIC DIAGRAM
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XR2206 Functional Generator kit

1. General

The module described here is based on high quality the industry standard integrated circuit
XR2206. This XR2206 Function Generator is capable of producing high quality sine and
triangle waveforms of high-stability and accuracy in the range about 1Hz to 700KHz.
Frequency adjustment range is accomplished using 4-DIP switch.

» The sine wave and triangle wave can be selected by SWITCH1
SWITCH1: Open for Triangle
Closed for Sine wave

» Amplitude and frequency is controlled by two potentiometers.
Potentiometers R5 and R6 are used for Amplitude adjustment and Frequency adjustment.
B R5: Amplitude Adjustment
B R6: Frequency Adjustment

» Output Offset and distortion of the sine wave can be adjusted to a minimum using small
trimmer potentiometers

B Trimmer Potentiometers R7 is used for Offset Adjustment of output waveform

B Trimmer Potentiometers R1 is used for THD (Total Harmonic Distortion)
Adjustment. When calibrated properly, this circuit can provide Sine Signals with
less than 0.5% THD

Note: R1 only takes effect for Sine wave output.

http://www.eimodule.com
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2. Specification

» Voltage Supply: 7.5V-16V DC Input. 7.5V- 12V DC input is recommended. A virtual
floating ground (at 1/2 operating voltage) is generated by this circuit!

Note: Please DO NOT connect the power supply ground to the virtual floating ground.
Waveforms: Sine & Triangle

Output Impedance: 600Q + 10%

Frequency output: 1Hz — 700KHz in 4 steps ranges with fine adjustment

Vv V¥V

Sine Wave

v Max. Output Swing (Vpp): 6V

v Sine Wave Amplitude: 60 mV/kQ

v" Distortion:
B |ess than 0.5% THD when calibrated properly
B 2.5% without Adjustment

Triangle Wave:
v' Max. Output Swing (Vpp): 6V
v Triangle Wave Amplitude: 160 mV/kQ
v Linearity: Less than 1%
Amplitude Stability: less than 0.5dB

NOTE: In order to get good output waveform for very low frequency output, 7.5V -
10V DC power supply is recommended. If the input power supply is high than
12V DC, the output waveform will be deformed.

http://www.eimodule.com




EIModule

3. XR2206 Output waveform

SINE Wave output @min/max frequency

Measure Current Mean
t.121Hz  1.1191Hz
2 3.2721v
3.5116Y
6.7837V

Current Mean Min - Ma> td De Count
33.8kHz  33,575MHz 33.1kHz . z 0dkHz 2,020k
216mV .58mV  210mV 235m . 2,829k
- 284mY -278.95mV -296mY - 2.02¢k
1.53mv  484mV 2.028K

Triangle Wave output @min/max frequency

Min Std Dev
1.362Hz .366Hz  1.8638mHz
3.24v 3.29Y 13, 344my
-3.54Y -3.51V 7.7521mY
b6.75V 6.81V 16.680mV

http://www.eimodule.com
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REVDION RECOND

YVl

OUTPUT frequency range: THz ~ 700KHz

i
¥

um’;
£

23 oo

00 DO, OUT_XA

Pleacze ensure the power input V- is icolated with ground of the clock user

=) ‘z 0
cont
e HonF Fe
2 = G
T o 4|
? -
= L PM "

[

1}

Pin 1: Connect to the positive pole of input power
Pin 3. Connect to the negtive pole of input power
Pin 2. Itis the float ground for this board

Voltage of Pin 2is {[V-} + {V+))}2

Power supply range: DC 7.5V ™ 16.0V - .
Recommented power supply range: DC 7.5V ™ 12.0V

www.eimodule.com

TME:
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5. Component List

Item Reference Part Description
1 U3 IC, XR-2206 DIP
2 C1 CAP, 1nF
3 C2 CAP, 10nF
4 C3,C5,C6 CAP 100nF
5 C7 CAP 220nF
6 C4 CAP 1uF
7 C9,C10 CAP, 220uF
8 C8 CAP, 10uF
9 R2 RES, 470R,DIP,1/8W
10 | R3,R8,R9,R10 | RES, 1K ,DIP,1/8W
11 | R4 RES,100K,DIP,1/8W
12 | R1 Trimmer,1K
13 | R7 Trimmer,500K
14 | R5 Potentiometer, 50K
15 | R6 Potentiometer, 1M
16 | DIP1 4-DIP switch.
17 | CON1 Connector for power supply
18 | CON2 Connector for Signal output
19 | SWITCH1 SWITCH

http://www.eimodule.com
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FEATURES

Low-Sine Wave Distortion, 0.5%, Typical
Excellent Temperature Stability, 20ppm/°C, Typ.

Wide Sweep Range, 2000:1, Typical

Low-Supply Sensitivity, 0.01%V, Typ.
e Linear Amplitude Modulation

e TTL Compatible FSK Controls

e Wide Supply Range, 10V to 26V

e Adjustable Duty Cycle, 1% TO 99%

XR-2206

Monolithic
Function Generator

g g
i ﬁi@;&{%@\
February 2008-8

APPLICATIONS
e Waveform Generation

e Sweep Generation
e AM/FM Generation
® V/F Conversion
e FSK Generation

® Phase-Locked Loops (VCO)

GENERAL DESCRIPTION

The XR-2206 is a monolithic function generator
integrated circuit capable of producing high quality sine,
square, triangle, ramp, and pulse waveforms of
high-stability and accuracy. The output waveforms can be
both amplitude and frequency modulated by an external
voltage. Frequency of operation can be selected
externally over a range of 0.01Hz to more than 1MHz.

The circuit is ideally suited for communications,
instrumentation, and function generator applications
requiring sinusoidal tone, AM, FM, or FSK generation. It
has a typical drift specification of 20ppm/°C. The oscillator
frequency can be linearly swept over a 2000:1 frequency
range with an external control voltage, while maintaining
low distortion.

ORDERING INFORMATION

Operating
Part No. Package Temperature Range
XR-2206P 16 Lead 300 Mil PDIP —40°C to +85°C
XR-2206CP 16 Lead 300 Mil PDIP 0°C to +70°C
XR-2206D 16 Lead 300 Mil JEDEC SOIC 0°C to +70°C

Vool P P Ll L Ll

©2008

™

- TEM

LM |

EXAR Corporation, 48720 Kato Road, Fremont, CA 94538 4 (510) 668-7000 ¢ (510) 668-7017
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Vee GND  BIAS ’
@ @ @SYNCO
— o1 O——
Timing

Capacitor vco 2

= Tczt:)—— —

..||_Ei._

R o Lliiant
ol urren Multiplier

T o Switches Agﬁaige >—@ sTO

FSKI @—

avsi (7) ) wo

WAVEA1 @

WAVEA2 (19—

SYMA1 @

symaz (i5)

Figure 1. XR-2206 Block Diagram
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ARy £ AT

AMSI [1]
sTOo [Z]
mo [3]
Vee [
TC1 [5]
Tc2 [&]
TR1 [7]
TR2 [&]

16 Lead PDIP, CDIP (0.300”)

SYMA2 AMSI
SYMA1 STO
WAVEAZ2 MO
WAVEA1

GND ki
SYNCO TC2
BIAS TR1
FSKI TR2

® Yo s w N -

XR-2206

i

16 Lead SOIC (Jedec, 0.3007)

PIN DESCRIPTION

Pin # Symbol Type |Description
1 AMSI I Amplitude Modulating Signal Input.
2 STO (0] Sine or Triangle Wave Output.
3 MO o} Multiplier Output.
4 Vee Positive Power Supply.
5 TC1 I | Timing Capacitor Input.
6 TC2 | Timing Capacitor Input.
7 TR1 0] Timing Resistor 1 Output.
8 TR2 0 Timing Resistor 2 Output.
9 FSKI I Frequency Shift Keying Input.
10 BIAS (0] Internal Voltage Reference.
11 SYNCO (0] Sync Output. This output is a open collector and needs a pull up resistor to V.
12 GND | Ground pin.
13 WAVEA1 | Wave Form Adjust Input 1.
14 WAVEAZ2 | Wave Form Adjust Input 2.
15 SYMA1 | Wave Symetry Adjust 1.
16 SYMA2 | Wave Symetry Adjust 2.

P orvion g f ) ) ) S
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DC ELECTRICAL CHARACTERISTICS
Test Conditions: Test Circuit of Figure 2 Vee =12V, Tp = 25°C, C = 0.01uF, Ry = 100k, R; = 10kQ, R; = 25kQ
Unless Otherwise Specified. S open for triangle, closed for sine wave.

XR-2206P XR-2206CP/D
Parameters Min. | Typ. l Max. | Min. I Typ. I Max. | Units |Conditions
General Characteristics
Single Supply Voltage 10 26 10 26 V
Split-Supply Voltage +5 +13 +5 +13 Vv
Supply Current 12 17 14 20 mA Ry = 10kQ
Oscillator Section
Max. Operating Frequency 0.5 1 0.5 1 MHz | C =1000pF, Ry = 1kQ
Lowest Practical Frequency 0.01 0.01 Hz C =50pF, Ry =2MQ
Frequency Accuracy +1 +4 +2 % of fg | fo = 1/R4C
Temperature Stability +10 | +50 +20 ppMi°C | 0°C < T < 70°C
Frequency R4 =Ry = 20kQ
Sine Wave Amplitude Stability? 4800 4800 ppm/°C
Supply Sensitivity 0.01 0.1 0.01 %N | Viow =10V, ViygH = 20V,
Rt =Ro=20kQ
Sweep Range 1000:1 | 2000:1 2000:1 fu=fL |fu @Ry = 1kQ
fL@R; = 2MQ

Sweep Linearity

10:1 Sweep 2 ) 2 % fL = 1kHz, fy = 10kHz

1000:1 Sweep ‘ 8 8 % fL = 100Hz, fy = 100kHz

FM Distortion _ 0.1 0.1 % +10% Deviation
Recommended Timing Components

Timing Capacitor; C 0.001.- .| 100 | 0.001 100 uF Figure 5

Timing Resistors: Ry & R, 1 | 7| 2000 | 1 2000 | ke
Triangle Sine Wave Output! Figure 3

Triangle Amplitude 160 160 mV/kQ2 | Figure 2, S Open

Sine Wave Amplitude 40 60 80 60 mV/kQ | Figure 2, S4 Closed

Max. Output Swing 6 6 Vp-p

Output Impedance 600 600 Q

Triangle Linearity 1 1 %

Amplitude Stability 0.5 0.5 dB For 1000:1 Sweep
Sine Wave Distortion

Without Adjustment 2.5 2.5 Y% R4 = 30k

With Adjustment 0.4 1.0 0.5 1.5 % See Figure 7 and Figure 8

Notes

! Output amplitude fs directly proportional to the resistance, Rj3, on Pin 3. See Figure 3.

2 For maximum amplitude stability, R3 should be a positive temperature coefficient resistor.

Bold face parameters are covered by production test and guaranteed over operating temperature range.

P rvii g J ) ) S
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DC ELECTRICAL CHARACTERISTICS (CONT'D)

XR-2206P XR-2206CP/D
Parameters Min. l Typ. l Max. | Min. ] Typ. I Max. | Units |Conditions
Amplitude Modulation
Input Impedance 50 100 50 100 kQ
Modulation Range 100 100 %
Carrier Suppression 55 55 dB
Linearity 2 2 % For 95% modulation
Square-Wave Output
Amplitude 12 12 Vp-p | Measured at Pin 11.
Rise Time 250 250 ns CL =10pF
Fall Time 50 50 ns CL = 10pF
Saturation Voltage 0.2 0.4 0.2 0.6 \% IL=2mA
Leakage Current 0.1 20 0.1 100 HA Vee = 26V
FSK Keying Level (Pin 9) 0.8 1.4 2.4 0.8 1.4 2.4 V See section on circuit controls
Reference Bypass Voltage 2.9 3.1 3.3 2.5 3 3.5 bV Measured at Pin 10.

Notes

T Qutput amplitude is directly proportional to the resistance, R3, on Pin 3. See Figure 3.

2 For maximum amplitude stability, R3 should be a positive temperature coefficient resistor.

Bold face parameters are covered by production test and guaranteed over operating temperature range.

Specifications are subject to change without notice

ABSOLUTE MAXIMUM RATINGS

Power-SUBPIY s oq s s mm 5 655 5555 fuien s s 26V Total Timing Current ........................ 6mA
Power Dissipation ....................... 750mwW Storage Temperature ............ -65°C to +150°C
Derate Above 25°C . ..................... 5mW/°C

SYSTEM DESCRIPTION

The XR-2206 is comprised of four functional blocks; a  terminals to ground. With two timing pins, two discrete
voltage-controlled oscillator (VCO), an analog multiplier  output frequencies can be independently produced for
and sine-shaper; a unity gain buffer amplifier; andasetof ~ FSK generation applications by using the FSK input
current switches. control pin. This input controls the current switches which

The VCO produces an output frequency proportional to  select one of the timing resistor currents, and routes it to
an input current, which is set by a resistor from the timing ~ the VCO.

5
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Vee
(o]
[ -
L™
4
1 16 Symmetry Adjust
—_ 5
N l Mult. 25KY = B Eat ikt
— ] And 15 = 1= Upen For Irangle
Voo Sine 14 = Closed For Sinewave
6 = Shaper s
! THD Adjust
FSK I . oo 500 :
nput Bl. 7l Gurer L 2 Triangle Or
J- R2 8| | Switches +1 Sine Wave
Output
= 1 Square Wave
Output
10( 12 3 XR-2206
= R3 10K
- 1uF {—25K
= L
1uF
Vee O—W—AA/\/\LH
5.1K 5.1K
Figure 2. Basic Test Circuit
6
26
. Triangle \ I—:/’gcckal\ggx'
2 5 =T
; / // " ,/ \J)tssrpatlon
& 4 = 1;(}/ 2% N
= / Sinewave . & ')\
>3 il T 18 o] 2 =
g. / / O / —///
2 Y/ S i
=]
o 2 o
ﬁ / / 14 ///
-
& 1 < -~ 30ke
/ 10
0 20 40 60 80 100 8 12 16 20 24 28
Rz in (KS2) Vee (V)
Figure 3. Output Amplitude Figure 4. Supply Current vs

as a Function of the Resistor,

R3, at Pin 3
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Supply Voltage, Timing, R
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XR-2206

Lo IR O T
MAXIMUM TIMING R l
e s ° 4V > 4V
—_ 3
g ™ %-
A7V A7V E 10
5 {f; NN P, £
n | NORMAL RANGE =
2 100K |- o v / /99. g
o =
7 G 3
g, é /% / /" o =
E é TYPICAL VALUE /] ? E 05
= 10K /4] \e £ r 7 717 I’ b 5
\/ & 7 =z
1k | MINMUMTIMING R 0
Voo /2
102 10 102 104 106 &
Frequency (Hz) DC Voltage At Pin 1
Figure 5. R versus Oscillation Frequency. Figure 6. Normalized Output Amplitude
versus DC Bias at AM Input (Pin 1)
5 5
4
C=0.01uF & R=3KQ
Trimmed For Minimum = Vout=0.5VRMS Pin 2
;\E? 3 Distortion At 30 K& ‘l-:-' 3 RL=10KQ
= o
5 = /
t 2
] o
b 2 e 2
a \ /
1 oy 1 7
‘-..‘__-_-__—__-
0 0
1.0 10 100 103
' 10 100 1K 10K 100K 1M
Timing R K(Q) Frequency (Hz)

Figure 7. Trimmed Distortion versus
Timing Resistor.

MY S L 8 . L G A A

Figure 8. Sine Wave Distortion versus
Operating Frequency with
Timing Capacitors Varied.
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Frequency Drift (%)

Vo PP LT L
8

3
\\ | |
=0.01pF
" [
\ R=1MQ
1 \J | R=2K§2\
R=200KQ R=10KQ
R=200KQ | 3
. S ———
— | ]
R=10KQ \\I
P | R=2KQ R=1MO ™
N
R=1KQ
2
R=1kQ \
3
50 25 0 25 50 75 100 125

Ambient Temperature (C°)

Figure 9. Frequency Drift versus
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Sweep g AN ®
Input +
i
= R

P
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: 112
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Figure 10. Circuit Connection for Frequency Sweep.

Temperature.
Vee
o
;: 1uF
4
1 16
'L 5
- _J_ Mult. 16 Sy Closed For Sinewave
Cc VCO And
T Sing 14
6 = Shaper 8
9 13 o 200
>(_.—
! SCu_trre;nt |_[\ 2 Triangle Or
R4 1K g_ WILChES + Sine Wave Output
il 11 Square Wave
- H/—/ Output
R 10[12 |3 XR-2206
= S%SK 10K I i
=
il S
= 35 Vee
10uF
WLI

Veom 0—Fvdvr—

5.1K

5.1K

Figure 11. Circuit tor Sine Wave Generation without External Adjustment.
(See Figure 3 for Choice of R3)
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Vee

e

XR-2206

1 16 Symmetry Adjust
5
= Mult. 25KT Rg
C VG And :llg - S4 Closed For Sinewave
Sine
T 6 = | | Shaper Sy R |
9 S . Y-
B 500
g Current 43 2 Triangle Or
1k &1 Switches Sine Wave Output
1 Square Wave
Output
R 10]2 |3 XR-2206 Tl
[ R3 10K
1uF
; Vee
10uF
Vee 1

Figure 12. Circuit for Sine Wave Generation with Minimum Harmonic Distortion.
(R3 Determines Output Swing - See Figure 3)

Vee
]
-——?E 1uF
4
1
16
£
b Mult. 15
AV C Ve And 14
J T 6 Sine
F * | | Shaper
<1V 2 ' p 43 200
FSK Input
, Ri_ 7| | current |_ 2
Rg 8| | Switches +1 .. FSK Output
= 11
F1=1/R1C
E2-1/R2C 1t)__l__12 3R, XR-2206
+ 50K
1uF
T 3
10pF
VCCO____/\/\/_MA/\L

MAIRTY L B L 6 A4

5.1K 5.1K

Figure 13. Sinusoidal FSK Generator
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Vee
o
w2l 8
e e C[R, +R2]
1 4
R
16 = 1
L 5 Duty Cycle R, + R,
1 Mult.
C Ve And 15
T 6 L Sine 14
¥ Shaper
9 — <13
Ri_7|| Current 2
Rz, 8| | Switches +1 Sawtooth Output
= i Pulse Output
T e Mo
10j__12 3 - XR-2206
v 24K e
T 1uF
— + VCC
I 10uF
Vcco—%+ Il'
5.1K 5.1K

Figure 14. Circuit for Pulse and Ramp Generation.

Frequency-Shift Keying

The XR-2206 can be operated with two separate timing
resistors, Ry and Ry, connected to the timing Pin 7 and 8,
respectively, as shown in Figure 13. Depending on the
polarity of the logic signal al Pin 9, either one or the other
of these timing resistors is activated. If Pin 9 is
open-circuited or connected to a bias voltage > 2V, only
Ry is activated. Similarly, if the voltage level at Pin 9 is
<1V, only Ry is activated. Thus, the output frequency can
be keyed between two levels. f4 and f,, as:

f1 = 1/R4C and fp = 1/R,C

For split-supply operation, the keying voltage at Pin 9 is
referenced to V-,

Output DC Level Control

The dc level at the output (Pin 2) is approximately the
same as the dc bias at Pin 3. In Figure 11, Figure 12 and
Figure 13, Pin 3 is biased midway between V+ and
ground, to give an output dc level of ~ V*/2.

Voiivid P L L L L L
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APPLICATIONS INFORMATION
Sine Wave Generation

Without External Adjustment

Figure 11 shows the circuit connection for generating a
sinusoidal output from the XR-2206. The potentiometer,
R1 at Pin 7, provides the desired frequency tuning. The
maximum output swing is greater than V*/2, and the
typical distortion (THD) is < 2.5%. If lower sine wave
distortion is desired, additional adjustments can be
provided as described in the following section.

The circuit of Figure 11 can be converted to split-supply
operation, simply by replacing all ground connections
with V-. For split-supply operation, Rz can be directly
connected to ground.



722 EXAR

With External Adjustment:

The harmonic content of sinusoidal output can be
reduced to -0.5% by additional adjustments as shown in
Figure 12. The potentiometer, Rp, adjusts the
sine-shaping resistor, and Rg provides the fine
adjustment for the waveform symmetry. The adjustment
procedure is as follows:

1. Set Rg at midpoint and adjust R for minimum
distortion.

2. With Rp set as above, adjust Rg to further reduce
distortion.

Triangle Wave Generation

The circuits of Figure 11 and Figure 12 can be converted
to triangle wave generation, by simply open-circuiting Pin
13 and 14 (i.e., S4 open). Amplitude of the triangle is
approximately twice the sine wave output.

FSK Generation

Figure 13shows the circuit connection for sinusoidal FSK
signal operation. Mark and space frequencies can be
independently adjusted by the choice of timing resistors,
R4 and Ry; the output is phase-continuous during
transitions. The keying signal is applied to Pin 9. The
circuit can be converted to split-supply operation by
simply replacing ground with V-,

Pulse and Ramp Generation

Figure 14 shows the circuit for pulse and ramp waveform
generation. In this mode of operation, the FSK keying
terminal (Pin 9) is shorted to the square-wave output (Pin
11), and the circuit automatically frequency-shift keys
itself between two separate frequencies during the
positive-going and negative-going output waveforms.
The pulse width and duty cycle can be adjusted from 1%
to 99% by the choice of R4 and Ry. The values of R4 and
R should be in the range of 1kQ to 2MS.

AATY £ L0 L 5 8 .4
11
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PRINCIPLES OF OPERATION

Description of Controls

Frequency of Operation:l—: :

The frequency of oscillation) f,, is determined by the
éxternal timing capacitor{ C)across Pin 5 and 6, and by
the timing resistor, R, connected to either Pin 7 or 8. The
frequency is given as:

and can be adjusted by varying either R or C. The
recommended values of R, for a given frequency range,
as shown in Figure 5. Temperature stability is optimum
for4kQ2 <R <200kQ. Recommended values of C are from
1000pF to 100uF.

Frequency Sweep and Modulation:

Frequency of oscillation is proportional to the total timing
current, |y, drawn from Pin 7 or 8:

o 320/-(mA)
B CuF)

Timing terminals (Pin 7 or 8) are low-impedance points,
and are internally biased at +3V, with respect to Pin 12.
Frequency varies linearly with IT, over a wide range of
current values, from 1pA to 3mA. The frequency can be
controlled by applying a control voltage, V¢, to the
activated timing pin as shown in Figure 10. The frequency
of oscillation is related to VC as:

_ 1 By Y
f= RC(1 + Rc(1 3))Hz

where V¢ is in volts. The voltage-to-frequency conversion
gain, K, is given as:

K= affov, = - 232

R.C Hz/V

CAUTION: For safety operation of the circuit, Iy should be
limited to << 3mA.

™
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Output Amplitude:

Maximum output amplitude is inversely proportional to
the external resistor, Rz, connected to Pin 3 (see
Figure 3). For sine wave output, amplitude is
approximately 60mV peak per kQ of Rj; for triangle, the
peak amplitude is approximately 160mV peak per k2 of
Rs3. Thus, for example, Rz = 50kQ would produce
approximately 13V sinusoidal output amplitude.

Amplitude Modulation:

Output amplitude can be modulated by applying a dc bias
and a modulating signal to Pin 1. The internal impedance

VR Veg 1

cr ]’ ®

15Vv2 5 14
cr ® T e e e G D

at Pin 1 is approximately 100k€2. Output amplitude varies
linearly with the applied voltage at Pin 1, for values of dc
bias at this pin, within 14 volts of V¢c/2 as shown in
Figure 6. As this bias level approaches V¢/2, the phase
of the output signal is reversed, and the amplitude goes
through zero. This property is suitable for phase-shift
keying and suppressed-carrier AM generation. Total
dynamic range of amplitude modulation is approximately
55dB.

CAUTION: AM control must be used in conjunction with a
well-regulated supply, since the output amplitude now becomes
a function of V.

16 6 13 1
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| :
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Figure 15. Equivalent Schematic Diagram
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