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W0 Vo HAWT -V, Vy 28ilunaminiv -1.23 V daiudafaafiuma v, Juiavinli v, ndu

Juguddnfivdailionu Vv, = vy

LFIETLITOAIUINAN +Vr haE -V 9NdUN19

bbel e

e

Rf/Rin

Vo=
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+ 15 V supply

i
i R
C = PuduF i 100k
7t | L
|
|
|
A : R
R ! 4
1 i 10k02
100k 741 p—t AN
I
I
|
|
|
1
|
t
|
1
1
b i -
i
Ramp i
generator | Comparator
(a)
+15V Vsqu
+Vsat - -
Y b i e e e e e e Sl e e o
T
/Vm
Vv H
RS o VA S I mmmi
'Vsat“"
28 Vi R A T —
Tor
1 ¢ycle

(b)

JUT 2.15 2aspaumsinesuayiansiiadygyinusui

gasrzdinounisiaessliatuldsiudursasandadyyirausuw Guiins

wad) Weasnnsiilindyauauviouddusun 2.15 laen1siieimmandufiinsines

wadudunnlininoumsnees udrleueminmainasunisumnesnauluddunnvesdud

ca 2 o o o = a | - o ¢
LNILRBDIDNY 28 LUUIN LiJasLﬂV]ﬁEy’fyﬂmﬁquLﬂﬁﬂﬂﬁmuqﬂlﬁﬂ’] + VT 170 -V ﬁfquUU']mLaqulw
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YBIABUNIT MO SR EUABuANUEYUT YnlAnnse0aalannaonial ANuDvBIdyIN

Wi IavlaaINg t (alun1st) wee t ailunisan) veagudya maumiey

'
= [

AR

Vi

ty= — R0 (2.23)

“Vsat

f =~ (R,Q) (2.24)

Vgt

Taedi vy, Ao wseiuBamnesda (HYSTERISIS) LagiAwiafiu
W\ 042 v

Fathy A (T) = i + te

LLazmmﬁgmﬁww e TN

9= (2.25)

Sl

2.4.4 29snuiladyeyrauguled
wandaglunisasrnesditiudyyalad Ao n13diaeesnsesdg nAINtuIa

Pamnlfifuniaidanauivesdyginesasian Meosiwsnsituiliuiimg Luused
09adlalna’ (WIEN-BRIDE) é9ag 1uaenisuaaauusudunldluressiuiignuansly
U 2.16 98U %qﬁuwwﬁgaaawaqaaULLauﬂQﬂﬁauﬂé’uﬁwﬁmmﬂmmmmﬁwm Tagd R1
C,uag R, , G ﬁwﬁwﬁﬂauné’uLLUUU?ﬂ’LﬁLLﬁ“ﬂguﬁuwwmﬂ 42U R, Ry, Rs aztoudmyao

wvimnduluvauliundisunnav-uagluntsiounausiuiy mstounduaiiauindesien

'
i o =i

genduitesiliisaseendaianle @uiu dn1steundunuvauiiAngendn dygrud

¢ = v & o= oy A & w o ) =
wivmgnanasauvualulungn ) Asiu Jadaedl Ry WWuimaruaulilnistiounduwuvaudl

' a

Agaiuly wazdimihidusimiimuan1ssuyinuYe19959neIY Yana1niieasaianiteu

U

o/ s =

dyanunduriiauindiaunsadafduasvingairaulaileanudiieinnilarreenila

oo

2
¢ = =3

a1ty eefivianlunistasiussdl Weamnudfitainnilanasdu Sudauauduaaditiu

q U
'

Useq G, avanawivdygiaevinnuiniuuinanas tufe Awsinistoundunuuuines
tegnimsteunduriinau vhlviussduevinniainas vislunsdifiaudveeminniie
anas Judaunudues ¢, AvsiinduvirliuseiunnasendaBunnuiniisuiunsnsiad

AnNAY (MUNHUBINTHUILTIAL)
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Positive
feed

+

-5V ] - 1
out
2n /R H, GG
when ﬂ‘.‘: az and C, .C7,

f n—-—‘——.
@t 2«RC

JU#-2.16 ‘nnsueaduedanldlungas

nistleundustiauinazviliussdue il usuinnsesadaanlneiifiues
lolen 2 dh (elviiunduin) soasou R, duintesuldliuseunesdwyniiiooadaani
Ay Vo Folnlondesdadvirailusnuaisdiin o v, fiengalng Vo uasgganin useny
Wananey VZmaa%LuaiiﬂIamimiamﬁﬁaaaﬁﬁasLaﬁaugﬂéhaaﬂsﬁwTﬁﬂawuﬁﬁuwwuﬂﬁau R, &
Asun YuRs ﬁﬂﬂ?ﬁ%%@ﬂﬂﬂﬁU%ﬁﬁﬁﬁQ%%uLﬂuwalﬁﬂﬁﬁﬂBUﬂﬁvuUUﬁUﬁﬁﬂﬂﬁﬂ%ﬂ uay
ﬂaaﬁhlﬂ?ﬁﬁmqnmuaﬂﬁwwﬁﬁwquﬁulﬂstaﬂuﬂsmﬁﬂunmﬂqwuﬁwaqﬁmqpa&awﬁWWQWﬂ

qung
P ; : - (2.26)
out 21T1/R1R2C1C2 .
Wasvn Ry, = Ry, C; = G, uanazle
1
1:out = (227)

AN foye dMTUMTINIY 2.16 AudlAUssanns 160 WF5nd
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WONAINWATIU - UIAGUAT 19fauisaassdyaaladlalasldoalusud 2 d

Aagu 2.17 laesaludnuiera9asnounsnes wazasasnsasnudidutislaeBandndiin

yyrudndsiinanuasinvespiunatsrda (luauduaiuwda arsndinfinen

gralerinats q s15ueiin) Fermhidygralvdvdndeasdudisinsasnuives
p
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_ |

Ry=1MQ
AAAA L
C, =0.01 pF '

e 1 +15-V supply
Fal i
Ry =1 MR |
g [
Cy= AN i
0.1 uF ‘ 1
A \ !
71 |

741 ; Y :
Ry =50k / : 741 — AN

i
{
i
: I
1
I

Bandpass filter Comparator

5U 2.17 GNUEIATABNNITNRET

LSIENHNTOAUIAIIE. o AINEUNTT

1
foui = 2.28
ot am [RoR,CLC; Z
R,R
o= m——— (2.29)
R, +Rs

MUy R, luasasdiddiuin Fadlidwiudesiululidyyadoundu gndeasnsiig

Wiy (nsaiN R, gnuSuliidueud) dudaduniu R, agldiluiivaeuanuivesnisesd

Fawaw Tureasgl 2.17 fe1awdsuwdadldann 7 @sadis 1.6 Aladsvlaen1susu R, uay
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3.1 UABUNTATINATRIN TN YAy 0

‘lum‘sam\mmmLumﬁ’mmmmmn (Function Generator) aglglefiuas Xr2206
viwthiidudedayainanud Sine wave, Square wave uay Triangle wave — Haud
100 Hz - 10 kHz Tumsiasunlasmnudanunsausumnuilaissumuudueild 500 o
way 10k

1

B L\ TN
S

‘ R
» £ akedt -
,F,H:_?.f,* e B AT e e bt _'-fT:"_ i
< v o
i EatE S o )
it g il [ ‘MI\ %
= gy n i
A R ' B . S L = i
[t ¥ :

5UM 3.3 sUnuunasunsesilindyaumud
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3.2 YUABUNITATINININTDIE YY1

Tunsadraesnsesdgyaunmudtusidusssinisfuwinmeavesgunsalnieg

Tnggiailsildrmnnudfnean (W) 19999939170 1 kHz luniseaniuutiunisidenAves

Fufusglimunzauiunisldnuvesusazisasudahnsiunmaiaiuniu (R) 990

AUNTT

1
2ntfc

R =

MNMIAINRELENIReliA1IgUnTaineg aasldnu dmutunauseluay
o o o o Y v o & v oo
dunsdwaildiluvinisveaaurinugnaeteveasilasanwuuee Tuntislavinis

@onlaloBiuas LF351 (fionaaol N aInTo sy IaUuRIT

3.2.1 2993050988y IUAINAAT (Low pass filter)

o Vv d o ]
ARt c=47 nF, AU 1 kHz @nsasiuluan R.Laan

1
2nfc

1
T 2m(10%103)(47x10~9)

3328.6275

R~ 3.3 k(2



3.2.2 2999N994 "sgcuu’lmm'\uﬁqx‘i (High pass filter)

[—

IN_PUT

Ic1

A7TNF1

o Joo Jrols

|l.1 :n|-4}m

9-1

———O%3-3 GND

L4CW92

p1 4K

OUT_PUT1

Ox32 vee

—Ox3-1
vee

JUN 3.4 199505098y tuANAM

AUURIA c=07 nF, M8 1 kHz @asaaulndl R 19an

1

2rfc

2>

T 2m1 kHz-47 nF

R=133k()

o2 =
F R
3 : 41
\ 4 ER ST NY
ot
;§ OUT_PUT2
JUN 3.5 wasnsasdysnanuiias
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3.2.3 2995n5048 7YY 1UY9ANA (Band Pass Filter)

fuali c=100 nF, WA 1 kHz, Q=10, A, = -2 @wnsaAulmal R 1ol

AINAUNIT
1 [Ri4R;
fm = Ge RyR,R;

AN Ry, Ry, Rs MlARNEAS

Q
Rz = nfc

10
m1 kHz-100 nF

31.8k(2

R;
R4 =
T\

31.8 kQ
=(2)(=2)

7.96 kO

—-AR;
<2Q%%A

R3

~(=2)7.96 kO
" 2:(102)4(-2)

- 80.4 0
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JUT 3.6 1933N sesdygadienud

3.2.4 29958AMRUFYRINY29ANNT (Band Reject Filter)

29 TAANaUAYIYARRLlY 1C WS LF351 §1uau 2 67 vimting

yedeyyInd 1A 8n-1 v esdiyana

R <l Yo

m

s

5 3/ vee

</

.._+|\ kgt " VCC
2
o d p
: 52
I
IN_PUT s ) 8
el [ Z o U Q) Y ".*f,;‘MJ
3 + 3 B Lo
10K1 % ¥ \_3"'_1.. >
o {
N 4 10K3
§é
- 19164

1G5 5
2UF
3 5 £
4 5 OUT PUT4

3
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3.3 TUABUMTATINYANARBINTIATIIYEYS
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WUIRaLEnINa LCD 16x2 @nnnsakdnanalaansussvia Tulassuiewdl

aanuuulae LCD wansmaiudneulaainiasesdn idadoysyou
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N Oour 0JuF o L = | T
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3.4 95n15MAa0g

3.4.1 NsMAERUNMTIIILYBNATDIR LRSI

1. fedyanevimvvesaiesiiindygaidifvesadalaalay aandu U$u
Audifintuiose iogsUdnniasuLNagn

g ﬁuﬁnﬁ’mmwagmLLasgﬂﬁmuaymﬁaaa%aiaaiﬂﬂdmlé’

3.4.2 NISNAFBUNITVINNIUVDI9DINTD IR YUY

1. sodryangUled (sine waves) 370 function generator uagilnaynagaminiy
Wep, 3 Voo WAE 5 Vo, 16171 input U997935n309& 0y 104

2. USu input gain 19 output SlueunagAWINAU 1 Vep, 3V o, U8 5 Vi

3. U¥uAudiann function generator AIMISNEUABY mode switch 1899995
NIDIAYLYIUMUATNTUANKA a"mﬁWLLauwagﬂﬁumLLCﬂ'azmmﬁLté’aﬁ'uﬁﬂwaiumm

a. L%uﬂiﬁwismwl,l,aywﬁgm Than) NUeIARd IS ULAaZ2995

3.4.3 N15AT1ZYEIIN1A

1. RendnrunauzUAMEsLTimINE 440 Hz 970 function generator il input
‘uam\‘m‘sﬂsaaé’fymgwm*v'wmwuﬁua"amﬂﬁmamm output Anpeadalaalal Uiy input
gain AuUYIlW output FAWHAINY: 1V,

2, YA miiues function generator WuTuat w19 uddanadiiinnualaivily
weuwdgaie ilAgsdauazidusdletaign Yuiindmesnauiuazuouniyn wduiu
Auilufiensioianingg



unii 4
NANTS2YLAZN1SDNUS1UNE

4.1 HANISNAFOUNITYINIUVBLATOIN LAY Y0

=) =l

o w = ¢ a o a w o a
nsleudygrudmasy, suamwmiounazguladaininissiiedygianaud
A1A19Y @UNT08ULENNAYALAIAENTNN 4.1~ 4.3 uazansaduinsudygralans

U

AARNUIN A

A15197 4.1 mantuiinAuounaaavasdyaiaUivaguinaudsneg

Al (Hz) wonaYA (V)
i 15
10 14.6
100 15.2
1000 15
5000 15
10000 14.8
15000 15
20000 14.8
50000 14.8
100000 14.8
200000 14.6
250000 14.6
300000 14.6
400000 14.6
500000 14.2
600000 14
700000 14
800000 13.4
900000 13.2
1000000 12.8




M5H 4.2 maeduiinAneunaavesdynusUaIMAENNANAN9
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ﬂawwﬁ(Hz)

waunAgA (V)

| 14.8
10 13.6
100 14.2
1000 14.6

5000 14.6
10000 14.6
15000 14.6
20000 14.4
50000 13.8
80000 13}
100000 12.8
200000 41.2
250000 10.6
300000 8.8
400000 7.4
500000 6.4
600000 6
700000 4.6
800000 4.4
900000 3.8
1000000 3.6




40

AT 4.3 ;sreduiinAuaundynvesdyyngUleunauineg

U

AN (Hz) LauNaYA (V)
1 8.24
10 7.44

100 6.8
1000 7.36
5000 7.2
10000 T2
15000 7.12
20000 T2
50000 7.04
80000 6.88
100000 6.64

200000 %29
250000 5.6
300000 4.88
400000 4.15
500000 3.36
600000 2.88
700000 ( 2.48
800000 2

900000 1192
1000000 1.6

PNHANINAABINITYINVOLATINLEndy M 1agld IC Lues Xr 2206 WUl 129
Tumslfiunmunganegsewing 1 Hz - 100 KHz awwnsoadedyaald 3 suuuu loun

dyaagUlalanumiey wasivion lneluoundyaaiunsausualasgssning 0 - 10V



4.2 HANITNAFBUNITVININIUYDIINDINTDIA Y QU8

Tumiwﬂaaumiﬁwmum@na%ﬂsaqé’mmmﬁu ﬁwmiﬂauﬁ’mmmiﬂlﬁﬁamLf-ﬁa&
mmmammmwaﬂwuwmma 100 Hz - 2000 Hz wuuauwaammﬂu Wop 3Vop UaE 5V,
mmwsﬂiaaammmmwm q LLUUlﬂLLﬂ Nﬂinsaeammmmmam NAINTDIA YY1

ﬂ’.l’lllﬂ%ﬁ, ’m}‘iﬂ‘saaamufg’]mmammmLLaz'msawauazyfymmammmmzmmmwwnm

waNNGYAMIALARIENT 1N 4.4 - 4.7

AN57199 4.4 MINTUANAUDNNATATDINNTBY

fuaueunanudsndlnaud 100 Hz -2000 Hz

A (Hz) A=1.Vpp A=3 Vpp A=5 Vpp
100 Ladl Z. 6.4
200 1.4 238 6.4
300 1.4 2.76 6.32
400 1.36 2.68 6.16
500 AV 2.64 6
600 1.28 2.6 5.92
700 1.24 2.58 5.6
800 1.16 v Y .36
900 1.12 2.36 BiZ
1000 1.08 2.28 5.04
1100 1.04 2.2 4.8
1200 1.02 2.16 a.72
1300 0.98 2 4.4
1400 0.94 796 4.32
1500 0.9 1.84 4.16
1600 0.88 1.8 a
1700 0.84 1.76 3.92
1800 0.76 1.64 8,76
1900 0.74 1.56 3.6
2000 0.72 1,52 5.52
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AN5197 4.5 M5RTuAinAueNNEYATBINTaI Y IMANLAZAAND 100 Hz -2000 Hz

ad (Hz) A=1 Vpp A= 3 Vpp A=5 Vpp

100 0.12 0.4 0.2
200 0.16 0.8 0.8
300 0.24 12 1.4
400 0.32 1.4 1.6
500 0.4 1.8 2

600 0.48 2.2 2.4
700 0.52 2.4 2.6
800 0.56 2% 3

900 0.6 28 5.2
1000 0.64 3 5.
1100 0.63 W, 3.4
1200 0.72 3.4 3.6
1300 072 34 3.6
1400 0.76 3.6 3.8
1500 0.76 36 4

1600 0.76 3.8 i

1700 0.8 3.8 4

1800 0.8 3.8 4.2
1900 0.8 3.8 4.2
2000 0.8 3.8 4.2




a3

M15197 4.6 M1 HTUANAILBNNEIAYDIIINTBIF YY1 WAIUDNAIINE 100 Hz -2000 Hz

AMNE (Hz) A=1 Vpp A= 3 Vpp A=5 Vpp

100 0 0.08 0

200 0 0.12 0

300 0 0.16 0.2
400 0.08 0.24 0.2
500 0.12 0.32 0.4
600 0.16 0.52 0.8
700 0.24 0.76 1.2
800 0.4 1.32 2.2
900 0.92 2.8 54
1000 1.24 34 5.4
1100 0.44 1.4 2.4
1200 0.28 0.8 cdo 1:6
1300 0.24 0.6 Il

1400 0.2 0.6 0.8
1500 0.16 0.4 0.8
1600 0.12 0.36 0.6
1700 0.12 0.2 0.6
1800 i) 1€ 0.34 0.4
1900 6 0.3 0.4
2000 0.9 0.28 0.4




a4

ANTNN 4.7 MTRTUAINAUEUNGYAYDIINEANDUH Y 104TIANNNAIINA 100 Hz -2000HZ

A (Hz) A=1Vpp A= 3 Vpp A=5 Vpp
100 1 3 .
200 | 3 p
300 1 3 ;
400 1 3 p
500 ! 3 .
600 | 3 "
700 1 3 4.6
800 1 28 4.8
900 0.6 2 q
1000 0.8 24 4
1100 1 28 46
1200 1 . i
1300 1 3 46
1400 | % s
1500 { g »
1600 1 { i
1700 1 A i
1800 : ) o
1900 { 3 AR
2000 i 3 ie

MNANTNA 4.4- 4.7 gansahuilisunsmuansmuduiusseninawaunaga (V) fuanud

(Hz) vansasnsasdaumee laned
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PREIG (Hz)

]
=

JUT 4.1 n91uansm e dius e inaendyn (V) Auanud (Hz) veasssnsasdyayu

Y

ANLDATLaLNEYWNAL 1 Vpp

3
P a
‘l " ". Aot
2.5 s
s a2,
& & W
@? b
G 2 g
g Ot
@ 7))
1.5
1 T T T T
0 500 1000 1500 2000
AR (Hz)

JUN 4.2 nsiuanaanuduiusseninaweundyn (V) fuanud (Hz) venwasnsesdiyayiu
ANNdiALeNnaIAWiU 3 Vpp
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U

wu

OGRS
~
w

S

w
wn

w

0 500 1000 1500 2000

PPBTTh (Hz)

=

JUT 4.3 nevudssnnudunusseni1ueundyn (V) Auanud-(Hz) vensssnsesdygin

u

ANUAMLaUNEIAWIIAY 5 Vpp

0 T T T T
0 500 1000 1500 2000

AL (Hz)

JUN 4.4 nevianan nudLAUSTEnIieNndan (V) Auanud (Hz) veeeasnsesdyaiu
YNANUDGILBUNEIAMIAY 1 Vpp



4.5

3.5

V)

2.5

. L

0 T T T T
0 500 1000 1500 2000

LOUNAYR
N

mmﬁ (Hz)

=

JUR 4.5 neuanspmuduiusseninauenndn (V) Auanud (Hz2) veenasnsesduyayio

U

ANUAFIULDUNAINSINU 3 Vpp

25T
wn

w
w s
S

E;, 2.5 ("

Launaan (V)
&
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BN
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o
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o

T T T

0 500 1000 1500 2000
-l
Aun (Hz)

JUT 4.6 nTvuanaruduiussznIaweundyn (V) Aumnud (Hz) vensasnsesdyayiu

ANUDgeaNndgniy 5 Vpp



a8

(V)

LOUNGYA

=
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(V]

[y

o
o

o
)

o
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o
o

o

A
7
I
;)+‘—‘/SZO" 1OI00 15I00 ZOIOO

AILE (Hz)

JUT 4.7 n9ueansn R duius senIaueunagn (V) Auaad (Hz) veanasnsesdaymnyu

PRANUTUDLWAIAWNU 1 Vpp
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8.8

2.9

1.5

0.5

|

1000

AR (Hz)

JUT 4.8 nemindasenudiussyinaueunage (V) Auaud (Hz) vansasnsesdya o

I q‘ = | U
TRNAVIUOUDUNAIALNINY 5 Vpp
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LOUWAYS

90 (V)
w B~

k\
-

0 500 1000 1500 2000

MG (Hz)

JUT 4.9 neruaneeuduiusseninaueundgn (V) Auanud (Hz) veanasniasdyyin
YNANUIUBUNAANTY 5 Vpp

1.1

< 0.\ /

[cS
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2 07 V

0-5 T T T T
0 500 1000 1500 2000
AMNA (Hz)

U 4.10 ﬂ'i"lwmemmﬁ’mﬁ’uéismmmmwﬁgm (V) fuPnud (Hz) va9199sannoy

dysunvemnauniaundgainiu 1 Vpp
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3 100000t ———
= N\ [/
g’ \/
({7
: /
2 2 s
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1 T T T T
0 500 1000 1500 2000

ANNE (H2)

JUT 4.11 navuaneruduiussEndnaleundye (V) Auaaud (Hz) vesnsasanvey

doyeundaanuiLoNwaIRlIIiU 3 Vpp

wauNaYA (V)

-
£ w wu
\j

w
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3 T T T T
0 500 1000 1500 2000

AIA (Hz)

JUN 4.12 nesuamsanuduiussenitaueundyn (V) fuanud (Hz) vensasanveu
dysyagranuduaundyniniu 5 Vpp
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4.3 n1sIATIERaNsuaia
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&National Semiconductor

LF351 Wide Bandwidth JFET Input Operational Amplifier

General Description

The LF351 is a low cost high speed JFET input operational
amplifier with an internally trimmed input offset voltage
(BI-FET IIT™™ technology). The device requires a low supply
current and yet maintains a large gain bandwidth product
and a fast slew rate. In addition, well matched high voltage
JFET input devices provide very low input bias and offset
currents. The LF351 is pin compatible with the standard
LM741 and uses the same offset voltage adjustment circuit-
ry. This feature allows designers to immediately upgrade the
overall performance of existing LM741 designs.

The LF351 may be used in applications such as high speed
integrators, fast D/A converters, sample-and-hold circuits
and many other circuits requiring low input offset voltage,
low input bias current, high input impedance, high slew rate
and wide bandwidth. The device has low noise and offset
voltage drift, but for applications where these requirements
are critical, the LF356 is recommended. If maximum supply

December 1995

current is important, however, the LF351 is the better
choice.

Features

m Internally trimmed offset voltage 10 mV
B Low input bias current 50 pA
B Low input noise voltage 25 nV/\Hz
m_Low input noise current 0.01 pA/yHz
® Wide gain bandwidth 4 MHz
u High slew rate 13 V/us
® Low supply current 1.8 mA
® High input impedance 10120
B | ow total harmonic distortion Ay=10, <0.02%

R_=10k, Vg=20 Vp-p, BW=20 Hz-20 kHz

m Low 1/f noise corner 50 Hz
m Fast settling time to 0.01% 2 ps

Typical Connection

A

TL/H/5648-11

Connection Diagrams

Dual-In-Line Package

Simplified Schematic

Voo O

Yo

INTERNALLY
TRIMMED

INTERNALLY
TRIMMED

“Ver © bl .
TL/H/5648-12

i) \./ 8
BALANCE === = NC
2
INPUT = — v*
3 6
INPUT — — outpur
- 4 5
v — BALANCE

Order Number LF351M or LF351N
See NS Package Number MO8A or NOSE

TL/H/5648-13

©1995 National Semiconduclor Corporalion TL/H/5648
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.
Supply Voltage =18V
Power Dissipation (Notes 1 and &) 670 mW
Operating Temperature Range 0°Cto +70°C

Timax) 115°C
Differential Input Voltage =30V
Input Voltage Range (Note 2) +15V

Continuous
—65°Cto +150°C

Qutput Short Circuit Duration
Storage Temperature Range
Lead Temp. (Soldering, 10 sec.)

Bja
N Package 120°C/W
M Package TBD
Soldering Information
Dual-In-Line Package
Soldering (10 sec.) 260°C
Small Outline Package
Vapor Phase (60 sec.) 215°C
Infrared (15 sec.) 220°C

See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering sur-
face mount devices.

ESD rating to be determined.

Metal Can

DIP

300°C
260°C

DC Electrical Characteristics (note 3)

LF351
Symbol Parameter Conditions Units
Min Typ Max
Vos Input Offset Voltage Rg=-10 kQ2, Ty =-25°C 5 10 mV
Over Temperature 13 mV
AVos/AT Average TC of Input Offset Rs=10kH 10 LG
Voltage
los Input Offset Current Tj= 25°C, (Notes 3, 4) 25 100 pA
Tj =70°C 4 nA
Is Input Bias Current Tj = 25°C, (Notes 8, 4) 50 200 pA
Tp= £70°C 8 nA
RiN Input Resistance Tj=25°C 1012 Q
AvoL Large Signal Voltage Gain Vg= £15V, TA=25°C 25 100 v/myv
Vo=t 10V, R =2k0
Over Temperature 15 V/mV
Vo Output Voltage Swing Vg = =15V, R.=10kQ +12 +13.6 v
Vom Input Common-Mode Voltage +15 Vv
Range V=15V =11
=12 Vv
CMRR Common-Mode Rejection Ratio Rg= 10kl 70 100 dB
PSRR Supply Voltage Rejection Ratio (Note 5) 70 100 : dB
Is Supply Current 1.8 3.4 mA




AC Electrical Characteristics notes)

Symbol Parameter Conditions LRaET Units
Min Typ Max

SR Slew Rate Vg=£15V, To=25°C 13 V/us

GBW Gain Bandwidth Product Vg= 15V, Ta=25°C 4 MHz

en Equivalent Input Noise Voltage 1T,:q 102050 OH.ZHS 1000, 25 T

in Equivalent Input Noise Current Tj=25°C, f=1000 Hz 0.01 pA/JHz

Note 1: For operaling at elevated temperature, the device must be derated based on the thermal resistance, 8 ja.
Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage.
Note 3: These specifications apply for Vg= £ 15V and 0°C= Ta= +70°C. Vps, Ig and lps are measured at Vg =0.

Note 4: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. Due to the limited
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient
temperature as a result of internal power dissipation, Pp. Tj=Ta+ 8js Pp where 0, is the thermal resistance from junction to ambient. Use of a heat sink is

recommended if input bias current is to be kept to a minimum.

Note 5: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultanaously in accordance with common practice. From

+15Vio =5V,

Note 6: Max. Power Dissipation is defined by the package characteristics. Operating the part near the Max. Power Dissipation may cause the part to operate
outside guaranteed limits.




Typical Performance Characteristics
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Typical Performance Characteristics (continued)

Distortion vs Frequency
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Pulse Response

Small Signal Inverting rnall Signal No-lnvrl[ng

QUTPUT VOLTAGE SWING (50 mV/DIV)
OUTPUT VOLTAGE SWING (50 mV/DIV)

TIME (0.2 us/DIV)
TL/H/5648=4 TL/H/564B-5

Large Signal Inverting

OQUTPUT VOLTAGE SWING (5V/DIV)
QUTPUT VOLTAGE SWING (5V/DIV)

TIME (0.2 ps/DIV)

TIME (0.2 us/DIV)

TL/H/S648-6
TL/H/5648-7

Current Limit (R = 100(2)

X

QUTPUT VOLTAGE SWING (1v/DIV}

©TIME (5 us/DIV)
TL/H/5648-8

Application Hints

The LF351 is an op amp with an internally trimmed input cause large currents to flow which can result in a destroyed
offset voltage and JFET input devices (BI-FET [ITM). These unit.

JFETs have large reverse breakdown voltages from gate to Exceeding the negative common-mode limit on either input
source and drain eliminating the need for clamps across the will force the output to a high state, potentially causing a
inputs. Therefore, large differential input voltages can easily reversal of phase to the output.

be accommodated without a large increase in input current.
The maximum differential input voltage is independent of
the supply voltages. However, neither of the input voltages
should be allowed to exceed the negative supply as this will

Exceeding the negative common-mode limit on both inputs
will force the amplifier output to a high state. In neither case
does a latch occur since raising the input back within the




Appllcatlon Hints (continued)

common-mode range again puts the input stage and thus
the amplifier in a normal operating mode.

Exceeding the positive common-mode limit on a single input
will not change the phase of the output; however, if both
inputs exceed the limit, the output of the amplifier will be
forced to a high state.

The amplifier will operate with a common-mode input volt-
age equal to the positive supply; however, the gain band-
width and slew rate may be decreased in this condition.
When the negative common-mode voltage swings to within
3V of the negative supply, an increase in input offset voltage
may occur.

The LF351 is biased by a zener reference which allows nor-
mal circuit operation on +4V power supplies. Supply volt-
ages less than these may result in lower gain bandwidth and
slew rate.

The LF351 will drive a 2 k1 load resistance to =10V over
the full temperature range of 0°C to + 70°C. If the amplifier
is forced to drive heavier load currents, however, an in-
crease in input offset voltage may occur on the negative
voltage swing and finally reach an active current limit on
both positive and negative swings.

Precautions should be taken to ensure that the power supply
for the integrated circuit never becomes reversed in polarity
or that the unit is not inadvertently installed  back-

Detailed Schematic

Vg O— &

wards in a socket as an unlimited current surge through the
resulting forward diode within the IC could cause fusing of
the internal conductors and result in a destroyed unit.

As with most amplifiers, care should be taken with lead
dress, component placement and supply decoupling in or-
der to ensure stability. For example, resistors from the out-
put to an input should be placed with the body close to the
input to minimize “pick-up” and maximize the frequency of
the feedback pole by minimizing the capacitance from the
input to ground.

A feedback pole is created when the feedback around any
amplifier is resistive. The parallel resistance and capaci-
tance from the input of the device (usually the inverting in-
put) to AC ground set the frequency of the pole. In many
instances the frequency of this pole is much greater than
the expected 3 dB frequency of the closed loop gain and
consequently there is negligible effect on stability margin.
However, if the feedback pole is less than approximately 6
times the expected 3 dB frequency a lead capacitor should
be placed from-the output to the.input of the op amp. The
value of the added capacitor should be such that the RC
time constant of this capacitor and the resistance it parallels
is_greater than or equal to the original feedback pole time
constant.

118
S
Sz
a7 e—OVp
5 RG
<
a7 > a0
6k an ‘

Vs
ADJUST

TL/H/5648-9




Typical Applications

Supply Current Indicator/Limiter

» TO SYSTEM SUPPLY

VsuppLY O—4 VOLTAGE CONNECTION

s Your
TO CONTROL CIRCUITRY

V-
* Vgyr switches high when Rgls > Vp

Ultra-Low (or High) Duty Cycle
Pulse Generator

Ng1 R

RESET

INTEGRATE

4.8 — 2Vg

[? = R1C
* louTPUT HIGH B Vg
2Vg — 7.8

* toutPuT LOW = R2C /n v

where Vg = v+ + |[v-|
*low leakage capacitor

Hi-Z)y Inverting Amplifier

Parasitic input'capacitance C1 = (3 pF for LF351
plus any-additional layout capacitance) interacls
with feedback elements and creates undesirable
high frequency pale. To compensate, add C2 such
that: R2G2 =~ R1C1.

Long Time Integrator

1
1
—O Vour * iz f Vi OIT
Y

v

TL/H/5648-10
*Low leakage capacitor

* 50k pot used for less sensitive Vgg adjust




Physical Dimensions inches (milimeters)
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LF351 Wide Bandwidth JFET Input Operational Amplifier

P hysical Dimensions inches (millimeters) (Continued)
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Order Number LF351N
NS Package Number NOSE

QPTION 2
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NOBE (REV F)

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can

be reasonably expected to result in a significant injury

to the user.

2. A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.
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FEATURES

® Low-Sine Wave Distortion, 0.5%, Typical

e [Excellent Temperature Stability, 20ppm/°C, Typ.
Wide Sweep Range, 2000:1, Typical
Low-Supply Sensitivity, 0.01%V, Typ.

Linear Amplitude Modulation

TTL Compatible FSK Controls

Wide Supply Range, 10V to 26V

Adjustable Duty Cycle, 1% TO 99%

XR-2206

Monolithic
Function Generator

June 1997-3
APPLICATIONS

e \Waveform Generation
e Sweep Generation

e AM/FM Generation

e V/F Conversion

® 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, EM, 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-2206M

16 Lead 300 Mil CDIP

-55°C to +125°C

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

ABY L5 L L A

©1972

EXAR Corporation, 48720 Kato Road, Fremont, CA 94538 # (510) 668-7000 @ (510) 668-7017
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XR-2206 S

Vee GND  BIAS

— TC1@— @ @ 11) SYNCO
vco >

L— 1c2 ((}—— <

Timing
Capacitor

..||_7L

- — TR OFF—
iming
Resistors Current Multiplier
| . — Switches And Sine +1
TR2 e Shaper —
Fski (O)———
aust () AY, > mo
wavia @

waveaz (1)

syma1 (15)
syma2 (8}

Figure 1. XR-2206 Block Diagram
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7 EXAR  XR-2206

AMSI SYMAZ AMSI =l 1 163 SYMA2
STO SYMA1 STO =H|2 15|23 SYMA1
MO WAVEA2 Mo = s 14|33 WAVEA?
Vee WAVEA1 Vee &) 4 13|/ WAVEA1
TC1 GND TC1 =5 12| GND
TC2 SYNCO Tcz =l s 1| SYNCO
TR1 BIAS TR =] 7 10(F BIAS
TR2 FSKI TR2 '=]|8 9 |3 FSsKI
16 Lead PDIP, CDIP (0.300") 16 Lead SOIC (Jedec, 0.300")
PIN DESCRIPTION
Pin # Symbol Type |Description

1 AMSI | Amplitude Modulating Signal Input.

2 STO O Sine or Triangle Wave Qutput.

3 MO (0] Multiplier Qutput.

4 Vee Positive Power Supply.

5 TC1 | Timing Capacitor Input.

6 TC2 | Timing Capacitor Input.

7 TR1 o] Timing Resistor 1 Output.

8 TR2 5] Timing Resistor 2 Output.

9 FSKI | Frequency Shift Keying Input.

10 BIAS o] Internal Voltage Reference.

1 SYNCO (0] Sync Output. This output is a open collector and needs a pull up resistor to V.

12 GND Ground pin.

13 WAVEAA1 | Wave Form Adjust Input 1.

14 WAVEAZ2 | Wave Form Adjust Input 2.

18 SYMA1 | Wave Symetry Adjust 1.

16 SYMA2 | Wave Symetry Adjust 2.

P g 2 2T T A oM
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XR-2206 2 EXAR
DC ELECTRICAL CHARACTERISTICS

Test Conditions: Test Circuit of Figure 2 Vee =12V, T = 25°C, C = 0.01uF, R4 = 100k, R; = 10k, R3 = 25kQ
Unless Otherwise Specified. S open for triangle, closed for sine wave.

XR-2206M/P XR-2206CP/D
Parameters Min. | Typ. | Max. | Min. | Typ. | Max. | Units |Conditions
General Characteristics
Single Supply Voltage 10 26 10 26 \
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, Rq=1kQ
Lowest Practical Frequency 0.01 0.01 Hz C =50uF, R1=2MQ
Frequency Accuracy +1 +4 +2 % of fy. [fo = 1/R4C
Temperature Stability +10 +50 +20 ppm/°C [0°C < Tp<<70°C
Frequency Ry =R5 = 20kQ
Sine Wave Amplitude Stability? 4800 4800 ppm/°C
Supply Sensitivity 0.01 0.1 0.01 %N | Viow = 10V, Vg = 20V,
Ry = Ry = 20kQ
Sweep Range 1000:1 | 2000:1 2000:1 fu=fL |fa @Ry =1kQ
fL@Rq=2MQ

Sweep Linearity

10:1 Sweep 2 2 Y fi =1kHz, fy = 10kHz

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

FM Distortion 0= 0.1 % +10% Deviation
Recommended Timing Components

Timing Capacitor: C 0.001 100 | 0.001 100 uF Figure 5

Timing Resistors: R1 & Ry d 2000 1 2000 ke
Triangle Sine Wave Output’ Figure 3

Triangle Amplitude 160 160 mVW/kQ | Figure 2, S1 Open

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

Max. Output Swing B 6 Vp-p

Output Impedance 600 600 Q

Triangle Linearity 1 1 %

Amplitude Stability 05 0.5 dB For 1000:1 Sweep
Sine Wave Distortion

Without Adjustment 255 25 % Ry = 30kQ

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

Notes

! Output amplitude is directly proportional to the resistance, Rs, on Pin 3. See Figure 3.
2 For maximum amplitude stability, Ry should be a positive temperature coefficient resistor.
Bold face parameters are covered by production test and guaranteed over operating temperature range.

ATBY L L8 &5 YA Wil TEOM'
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DC ELECTRICAL CHARACTERISTICS (CONT'D)

XR-2206

XR-2206M/P XR-2206CP/D

Parameters Min. ’ Typ. | Max. | Min. | Typ. | Max. | Units |Conditions
Amplitude Modulation

Input Impedance 50 100 100 k€2

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 C_ = 10pF

Fall Time 50 50 ns Cp = 10pF
Saturation Voltage 0.2 0.4 0.2 0.6 Vv IL=2mA

Leakage Current 0.1 20 0.1 100 UA Voo = 26V

FSK Keying Level (Pin 9) 0.8 1.4 2.4 1.4 2.4 Vv See section on circuit controls
Reference Bypass Voltage 219 3= 3.3 3 £33 \ Measured at Pin 10.
Notes

1 Output amplitude is directly proportional to the resistance, Rs, on Pin 3. See Figure 3.
2 For maximum amplitude stability, Ry 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 SUPPIY &« con o i i - 26V
Power Dissipation ....................... 750mwW
Derate Above 25°C . ..................... 5mwW/eC

ToraNIming Cuetde?. . .......ocovvviinnn.n 6mA
Storage Temperature ............ -65°C to +150°C

SYSTEM DESCRIPTION

The XR-2206 is comprised of four functional blocks; a
voltage-controlled oscillator (VCO), an analog multiplier
and sine-shaper; a unity gain buffer amplifier; and a set of
current switches.

The VCO produces an output frequency proportional to
an input current, which is set by a resistor from the timing

terminals to ground. With two timing pins, two discrete
output frequencies can be independently produced for
FSK generation applications by using the FSK input
control pin. This input controls the current switches which
select one of the timing resistor currents, and routes it to
the VCO.

™
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Vee
LL :
"
4 ;
1 16 Symmetry Adjust
— 5
= 25K
_l_ Mut. — Sy = Open For Triangle
o] And 15 :
—I' VCO, Sine 14 = Closed For Sinewave
6 o Shaper s
! THD Adjust ‘
2 = . 500 J
FSfInpat R1 7 Curstt Triangle Or
; 2 Sine Wave
AL R2 8| | Switches +1
QOutput
= 1 Square Wave
Output
10112 3 XR-2206
_"L_‘ R3 10K
F 14F 25K
= 1% Vec
T &hE
Voo o 1
5.1K 51K
Figure 2. Basic Test Circuit
6
| 26 -
Triangle N ;gcckang.
Z 5 [ Dissi gtion
S / / \ 22 L] N
s, ke L7 // N
8 e Sinewave = ~ r
g y & A e N
A E 18 .
g /A O 10K /
=] &
o 2 ]
x 14 -~
o 7 -
it L /
& 4 ~ | 30ka
10
0 20 40 60 80 100 & 1 118 20 2% 28
Ry in (KQ) Vee (V)
Figure 3. Output Amplitude Figure 4. Supply Current vs
as a Function of the Resistor, Supply Voltage, Timing, R

R3, at Pin 3
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1am 1 1 1
MAXIMUM TIMING R
2 4V =P av
= 1M 2
= =
C 7 £ 10
3 1&7 E
e F
2 100k |X¢ g
x X S
o < o]
£ =
E E 05
o0k / 2
1K MINIMUM TIMING R 0
Vee! 2
102 10 102 104 108 "
Frequency (Hz) DC Voltage At Pin 1
Figure 5. R versus Oscillation Frequency. Figure 6. Normalized Qutput Amplitude
versus DC Bias at AM Input (Pin 1)
5 5
4 4
Tr_|mmgd For Minimum s Vour=0.5VRMS Pin 2
T Distortion At 30 K€ = R =10KO
e 3 5 3 L
5 B /
E 2
S 2
b 2 8 2
a \ /
1 o ] 1
0 0
1.0 10 100 103
10 100 1K 10K 100K 1M
Timing R K(22) Frequency (Hz)
Figure 7. Trimmed Distortion versus Figure 8. Sine Wave Distortion versus
Timing Resistor. Operating Frequency with

Timing Capacitors Varied.
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3
I
C=0.01uF
2 [
= R=2K¢2
&1 N
z R=10KQ
I
a
g @ —
g ] D N
& R=1MO 5 Re or8
[T weep g @
w Inputp + e
TIKRQ” 1
2
Retke = R B
12
. = 2l
-50 -25 0 25 50 75100 125 e
Ambient Temperature (C°)
Figure 9. Frequency Drift versus Figure 10. Circuit Connection for Frequency Sweep.
Temperature.
Voe
e TuF
4
il 16
= 5 7
o _L Mult. 15 S Closed For Sinewave
c \Vco And
T Sine 14
6 3 Shaper S
9 13 5 200
et
L SCL{{rim L 2 Triangle Or
@%1 1K )8(__ el 4 +3 Sine Wave Output
" Square Wave

= H/—/ Output
R 10 T2 T XR-2206
=T o

10K
50K

i 1pF 5‘71 5

10uF
VCC O_IV\/_MA/\L |i

+
I
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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Symmetry Adjust

~ XR-2206

1 1
=T 5 Mult. 25@:\;51
1 c e And 15 - S Closed For Sinewave
F= s T Sine 14
6 = Shaper 13 S1 RA
9 s
T 500
Current 2 Triangle Or
Ry 1K &l Switches < Sine Wave Output
= 1 Square Wave
l N T Output
R 10]12 |3 —
N R3 % sk — H -
+ 50K
1uF
; 13 Vee
= A0uF
Vec oA fi
S 5.1K

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

ol
<1V

FSK Input

F4
F2

Vee
(o]
; TuF
4
1
L 3 16
Jcn Mult, 15
c ved And 14
T Sine
6 = | | Shaper
3 13 200
Ry 71| Gurrent \ 2
| R, 8| | Switches +1
_;ﬂ 11
F1=1/R1C
F2=1/R2C 10JT_12 ¥ XR-2206
s 50K
I 1uF "
- 10pF
VCCO—’\/\/_MMl“

5.1K

Figure 13. Sinusoidal FSK Generator
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y. A

fo 2 1
C|R; + Ry
1 R
16 R
- 5 Duty Cycle B + P
1 Mult.
c VG And %15
T 5 Sine 14
= Shaper
9 13
Ri 711 current o
| Ry 8| | Switches +1 Sawtooth Output
sy
= 1 Pulse Output
| R I iy
0] 12 |3 o XR-2206
= AK
+ 24?( R
1uF
; Vec
10pF
v h
S 571K 5.1K I

Figure 14. Circuit for Pulse and Ramp Generation.

Frequency-Shift Keying

The XR-2206 can be operated with two separate timing
resistors, R1 and Ry, connected to the timing Pin 7 and 8,
respectively, as shown in Figure 13. Depending on the
polarity of the logic signal at 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
R4 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 fy, as:

f; = 1/R4C and f, = 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.

10

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,
R4 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, R3 can be directly
connected to ground.

TEM
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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, Rja, 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 Ra 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., S1 open). Amplitude of the triangle is
approximately twice the sine wave output.

FSK Generation

Figure 13 shows the circuit connection for sinusoidal FSK
signal operation. Mark and space frequencies can be
independently adjusted by the choice of timing resistors,
R4 and Rp; 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 R,. The values of R4 and
Ry should be in the range of 1kQ to 2MQ.

'XR-2206

PRINCIPLES OF OPERATION
Description of Controls

Frequency of Operation:

The frequency of oscillation, f,, is determined by the
external 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:

f():%"{z

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
for 4kQ < 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, |, drawn from Pin 7 or 8:

32015 (mA)

f= 3 Hz

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, Vg, to the
activated timing pin as shown in Figure 10. The frequency
of oscillation is related to VC as:

~ 1 Rq_Ve
T RC(1 + RC('] 3 ))HZ

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

0.32

K = af/aVe = - =
C

Hz/V

CAUTION: For safety operation of the circuit, i should be

™

limited to << 3mA.
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Output Amplitude:

Maximum output amplitude is inversely proportional to
the external resistor, R3, connected to Pin 3 (see
Figure 3). For sine wave output, amplitude is
approximately 60mV peak per kQ of Rs; for triangle, the
peak amplitude is approximately 160mV peak per kQ of
R3. Thus, for example, R3 = 50k 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 | Ve 11

15v2 5 14

Gr T @ 2 @ @ -] @ T Hr @

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 Vc/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

@ w
@M

5 e

Figure 15. Equivalent Schematic Diagram
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e XR-2206

16 LEAD CERAMIC DUAL-IN-LINE
(300 MIL CDIP)

Rev. 1.00

O CLEPT ) et
16

Base Aq
Plane

=11 et

Plane __lB,-_ _-1 a | _7(1 _'\\4— .

.TJ
[w)
E_me
—
v

INCHES MILLIMETERS
SYMBOL MIN MAX MIN MAX

A 0.100 0.200 2.54 5.08
Aq 0.015 0.060 0.38 1.62
B 0.014 0.026 0.36 0.66
B1 0.045 0.065 1.14 1.65
c 0.008 0.018 0.20 0.46
D 0.740 0.840 18.80 21.34
Eq 0.250 0.310 6.35 7.87
E 0.300 BSC 7.62 BSC
e 0.100 BSC 2.54 BSC
L 0.125 0.200 3.18 5.08
o 0° 15° 0° 15°

Note: The control dimension is the inch column

AR L L L L LMW AT LAY TOM
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XR-2206

16 LEAD PLASTIC DUAL-IN-LINE

(300 MIL PDIP)

Rev. 1.00

O ] Tl )

16
1

9
8

]_II_II_II_II_II_II_JI_—I

Seating A
Plane L

B*H*au-

Az
—r

B1

INCHES MILLIMETERS
SYMBOL MIN  MAX MIN  MAX
A 0,145 0.210 3.68 5.33
Aq 0.015  0.070 0.38 1.78
As 0.115  0.195 2920 - 495
B 0.014  0.024 0.36 0.56
By 0.030. 0.070 0.76 178
C 0.008  0.014 0.20 0.38
0745 0.840 1892  21.34
0.300 _ 0.325 7.62 8.26
E; 0.240 __ 0.280 6.10 7.11
e 0.100 BSC 2,54 BSG
en 0.300 BSC 7.62 BSC
ep 0.310  0.430 787 1092
L 0.115  0.160 2.92 4.06
o 0° 15° 0° 150

Note: The control dimension is the inch column

14
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16 LEAD SMALL OUTLINE
(300 MIL JEDEC SOIC)

Rev. 1.00

HAAAAAHRRA

1

e 1 ——2 |

7 J 8
HoobubHY

Seating

%/
Plane T _ __l el‘_ -“-_ B_Af‘_‘

~}— o
£a1)

INCHES MILLIMETERS
SYMBOL MIN MAX MIN MAX
A 0.093 0.104 239 2.65
Ay 0.004 0.012 0.10 0.30
B 0.013 0.020 0.33 0.51
C 0.009 0.013 0.23 0.32
D 0.398 0.413 10.10 10.50
E 0.291 0.299 7.40 7.60
e 0.050 BSC 1.27 BSC
H 0.394 0.419 10.00 10.65
L 0.016 0.050 0.40 1.27
o 0° 8° 0° 8°

Note: The control dimension is the millimeter column

ATV L L8 Y WA ()
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NOTICE

EXAR Corporation reserves the right to make changes to the products contained in this publication in order to im-
prove design, performance or reliability. EXAR Corporation assumes no responsibility for the use of any circuits de-
scribed herein, conveys no license under any patent or other right, and makes no representation that the circuits are
free of patent infringement. Charts and schedules contained here in are only forillustration purposes and may vary
depending upon a user’s specific application. While the information in this publication has been carefully checked;
no responsibility, however, is assumed for inaccuracies.

EXAR Corporation does not recommend the use of any of its products in life support applications where the failure or
malfunction of the product can reasonably be expected to cause failure of the life support system or to significantly
affect its safety or effectiveness. Products are not authorized for use in such applications unless EXAR Corporation
receives, in writing, assurances to its satisfaction that: (a) the risk of injury or damage has been minimized; (b) the
user assumes all such risks; (c) potential liability of EXAR Corporation is adequately protected under the circum-
stances.

Copyright 1972 EXAR Corporation
Datasheet June 1997
Reproduction, in part or whole, without the prior written consent of EXAR Corporation is prohibited.
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