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Abstract _

Spectrum analyzer is an instrument which divides
a signal into its frequency components and analyzes then.
It measures the signal energy which is present at g
specific frequency.

Many types of analyzers are available. The
superheterodyne and}yzer 1s a basic one that is used in
this project.This analyzer works exactly like the common
household AM radio receiver except that it tunes
electrically and presents its output to an oscilloscope

rather than a loundspeaker.



nrngo

unn 1 uniin

A7y

unn 2 NORYUILHINNTT

2.1 nouuazndnnis laema 1y

2.2 HANNITNII1UY92 93543 UulTenoU

2.2.1
2.2.2
2.2.3
2.2.4
2.2.5
2:.2.6
2.2.7
2.2.8

29935 Tatwa Ranod
10Q7a¥1oﬁmmﬁm§ﬂﬁutﬁaﬂ
aaafafwoﬁmmﬁmzﬂﬁuﬁu1ﬂ
1935Ta1e9 poulnya eoalaiaisod
299700

2997 L Fonaud

1937 10%1 14801 B innLnot
soadalaalal

unn 3 NITATRIBUABHITIT IV

{ é
3.1 2335 1auw1ad Natnes

8.2 299383 dgy s il dos

4
3.3 2997 10a1as aoulnia ooatalalnos

3:4 2397(a8nAUN
» g o
3.5 299sasedpmnusituiivie

unh 4 A1TNAKISILIERIINITNARD I

mn 5 un1Qﬂ7muaua§ﬂua

INARUIN

)

fwmnNTIsdsena
wiedoo9dq

&3]

441

10
13
15
18
21
23
26
26
27
28
31
33
37
4
A8
57
58



n17itareadggnluiBenand (frequency domain) i iiu
aﬁnﬂ15a§ﬁwﬁm1unﬁ11ﬁ§aganﬂiﬁwqﬂunaq1suunﬂv1uﬁﬂuasnﬂanﬂu

diUar¥u aulaivad tﬂutﬂ1aeﬂanawquuvn1ﬂqunw11anm
duuanaQﬁmmﬂm1uthﬂvﬂun nanna tﬁutn1nvuanudﬂunﬁnuﬂanaoﬁm
QuBAMdEY 9 Aniianie ﬂsuvnﬁ1n1saﬂannvwaqqﬂu1uzﬂﬁvniu
(function) nadﬂﬁﬂua

didaa¥u aunlacdad 5u11un15nun71ﬂ1uﬂﬁquuuaa 2 tia
da wuui3salnd su'laivad “(real time analyzer) uauuuuatquau
au1laidad (swept-tuned analyzer) uuui3aalng aunlaiyad & fiud
By LA iy ArdInTedLaTIeiasNEdaY 1 M fiudwmusenaunas
am@ﬂmﬁuqn (input signal) l&w¥au 9 iiu dviin sut'laigadvianse
AWITOUAA IWATEIAI WD AaTuL nuiuTiTule (transient) 188 2997
ﬁaTﬂnavau11atﬂafﬂﬁaﬁuHQQ1ﬁﬁegu 1-1

WIS
1:‘ -~ =
- - )
Ay [T o Aunwiwdt
s A e
wWYwiud -
1AM Il
E Aty
. ?Jﬁulud

70 1-1 udavdmlsenaunay (Jaalnd divaaFu auqlairesd

AMNUHUAWUTAINITRI9Ua Taalnd sunlaidad avifiu
11793 71U78ABURBUTAUNA (channel) S RIUNAN udaruvauualsrnay
4 r's

#78  uudawid Watesd  (Band pass filter) ua: ainaiaad
) w - - 1 B

(detector) Taaunazuﬂauuaqsaau1wﬂ1vn11unﬂvvuqu1u1uLnﬁuu
& P P ' - 4 w
L INUTUUUAULIS VALABT DAVUARCUYRUUANNITLUS AN (overlap) fiu
. o 4 . ¥ v A -
wrauuatitviAaanliuuudda (bandwidth) TAuNIMNANA A8 HEY Y



2

[ 4
a

P P e K & o ¢ o
tiukuuadaseveui latvafudanIvouiusuauraeatand Tunae i naaiu
] 4 R X o [] . ]
A1 ?Tﬂgﬂu (resolution) acmuny A1 Q (selectivity) 1uavumae

g éad »
UYaUUA (?Tﬁgﬂu tiusaqudurTona au1 la L e INaetaiva2 18U an
' ] ?d ) v a4
AN TENTINAQYIVTINR TN LnE L e viiu)
( [ ar
tBNYN (output) mavudarurauuwanuiinluivavatdian
4 . J ] "
nialiad aunuiusd (electronic scanner) Fedindeiuudacuranua
» ~ f+4 4 - P e " ¥
AIBAWAFININ I70UU (BITIWn AMNFunuiueSedy lUdvunudvna
Pi d 4
waBaR1iIna  (cathode ray tube : CRT) Teddgyuduidas
4
(sawtooth signal) ﬂnutnﬁnﬁvunuuau lNERQUQNﬂﬂitﬂﬂﬂﬂwuu?ﬂ
didan¥y aurlaivad odeid 1ﬂﬂ7wnv1unndﬂquﬁnuasaqnaq
lHurauuaiouiuutn  Fenatidsaauue uauﬁﬂuQQﬂunaennwwnatuaq
ﬁﬂnqﬂaataa1nuﬂ11unnaﬂﬂ (center frequency) uﬂﬂﬂﬂn

"

dmna§au : B L
m/ » u.\’a'uummn' gyl FUNALODT i 2135 ¥ ghng)

frunyrniiia 1
7 S i e
- - odyt
- Aniadiy

71U 1-2 udavdudsznsuna dunulie-Vaiand Wiiaud aullatvay

-1
a7 dudan¥u aunlavrad uuudtquiu aut latvad  Tamwu
s ldvamanaan  dunuiiv-aiaad u1t91u§ au1 latdad
(scannining-filter frequency analyzer) 3Ivinataanuuulila
4 Jll 4 [ -r
taa%ndﬂuﬂ1nauﬂ1ﬂun1a Taa ¥ dggrathuiias 52135 uTaudauiiviva
Vs . . G'Ju
taa1u1nuﬂaﬁ1ﬂngag1uqnﬂﬂunavﬁmmﬂmﬁuLaaantnquﬂﬂquqa Tunay



3

Ujiia Vaiaafrdadaewiaeliann Liimwaeiuna1lieiun 3vl8En11teun
aﬂnuuu mhuadianinaTianad aunlacrad FoidurdedlizneuTare
RE Taauﬂﬂsnanuuutuaavﬂ1 inidad (mixer) uar Tada anddaia
tead7  (local oscillator) Tas taﬂnunnaﬂunsﬁa1ietﬁuﬁmmﬂmnu
ﬂkuntﬂuuan1e1su1ﬂcﬂ1ﬂunnaqﬁmmﬂmauunnua71unulcﬁmmqmw1n '
aadiatataav ﬂuuﬁutn11uac7vﬂsﬂaLna1iq1aaanuuu1wun1ﬂunnaﬂqu
A1a90 L nARuR NN aR TG Taadﬂuﬁ1nannuuutﬂaauuﬂavuuuaqaulv
Daitaadiialiléda 1Tﬂgiu NN warn1Tdunuivar i fatulETas
UNELCH Tada aaaBataimnd 57aimmqmﬁutéan

m———* ﬁm‘das& S— ’.’"“"f‘ AtsrY
' dana§ [ dmme:z

@ ' ffanba L,
v ﬂﬁ(‘?m

71 1-3 udavdmulaznaunas taninaTiated diuaeiy auqlaived

#i ﬂﬁtﬂavtﬂntnaT1aﬁau autlai¥ad Andae L anniieinas
nuuﬂnﬁuauunﬂs1ﬂ Tada podBatniead 89 2 &9 ﬁwu1uuan1unﬂ13u
ﬂqﬂunnqnuquaeanaquueTﬁ?unﬂ1aunuue Taanqanuqunavﬁmmﬁmﬂu

4 * W 4.5 ‘ 73 o

tana lunqsuanuiitfifiuges asddaiainas srdaaliinaTeanuuunTesia

Y ’ 4 Haun s - «

1841800 2v37uuniiiEa Fausentuite 88 39278 lun1718vuly
4 - -4 - f = £ o

NI LnNY naqtn:aqqagnawnaTaauuuaqa navvaLaafiuIn



Ao
nordihl

2 Watngs Uaass
m__. fifsds uoﬂﬂ'a\)ml B AN

agﬂ-j W9
16_!: ) . 'zné ﬂzsr@nﬂn'
—]
04 BAARTE aaa;%g?{ htvmﬂ“‘ &

U 1-4 udavdmusensunas tEminaflsaved divaaiy surlaivad
d y Wiz
wuundl Tadia sadRacacwnd 2 §ia

. :

uan3anuieil  aun lacraddnedantiy fa Axivadd-dained
pu1laived (Dispersive-filter analyzer) Hvs1dawdnniTfiaequ
189 UIBALUNG X iUafiv Daimed (Broadband dispersive filter)
o~ ¥ - < o ° P4 M w
AIUUIINUNUAWNALTAININ P17 unae aua laided dre caniSealna
-~ o J [} 4
aaviy wuuiFaalnd aunlacged wdfia¥aolénan  Liiduinanlunas
vl Felsinanarafeludausasar i naa



d
unn 2
noRduRENINN1T

2.1 nawfjuacninn1slaaiialy

divaniy aualacded M MuTazeeuiifin 4w
aurlacdad oila "uiuadianinaTaanad A% Tada asadatatand (¥av
#0e tﬂanﬂn1aaanuuu1u97ﬂun1H01uaa1uﬂ1v 30 129n T 20
flatd9n asuuqq1uﬂwtﬁuwavanﬁ1ﬂua1ﬂunnaa padtaiataad ¥
ppddatatand tuavmvcaaQLun1?1unq1dunu Tazseanaluauiadygio
duitdez  uanannae W27 Tadwad Qatﬂa1 (low pass filter)
?vﬁ ﬂ?ﬂunnnmﬁﬂ (cut off frequency) ﬂﬂ?ﬂuﬂ 20 ﬂTatﬁ%nlﬁaﬁa
ﬁg@ﬂmaaﬂuﬂggﬂaniu

m tas ~lucefy &
- ffl*ma N iy S “:w(‘m : finaues
vawnak MBI AL

4

y

«

-0

o J133nudn

i®lo  dvngon 1 1l .
Jidon )

- 4 ¥

T 2.1-1 udavdulsenaunay dudeadu surlatved AlEluTareeun

AMMNUEUAIY  TEUVIERIIIN 18 Las ﬁmmqmauun ictﬁuﬁmmﬁm

davaaudidae 80 134n 9 20 Alaiddn ALNIUINIT LA INIA Vainpd

uaq&nﬂiﬂgm (multiply) fufgyimian 9937 13aia3 AeuInTa

) < J -

paafaitaiaed (voltage contolled oscillator) Rad1ud 25 Ala

- JII . 3

134n  T9 45 ATad4n ﬁgmnmn1aaﬂn1wq1qm (multiplier) 3eiuge
* ar 4 3 1) [ 3] (

navuludiaa diUaaTunavAlINaNInNIe ﬂﬂﬂuuauuﬂu1anqcq1uuuawﬂd

4 g 1 - - - é - aadf

Waitaad  Fedd1azqudnaten 45 dAlatddn wazdida Fiaanda



6

3 o J a [y 4 J l
(selectivity:Q) gqunntua1u FLUAATULAWIENIRIND 45 A laiB9n
- -~ ] ' I's
autﬁuuaﬁﬁnnﬂ1gmﬁmmﬂmacnaﬂ1u1u1ﬂLﬁWQQQ1ﬁtnﬂLaa1 (detector)

[V r's - 4 v ar ’ - I
181 tawngnﬂﬂn10a1atnatnaﬁqsgnﬂautnﬂ1UanuuutuaatuuTuuu1ﬂv
189 apdfalad ey TvaegnatuquniTaunulunuiuen Saipguguily

‘ - 4 -t
\apy aﬂnaqa1dvﬂqﬁQQﬂmguﬁutaaa (sawtooth generator) #idaa

o - <4
ﬁuﬁTﬂqunwﬂﬁﬂuquaqﬂunnao Tada pedBataiand tWeAIuAuNITI A
NIWUUIB
d ’ l ‘ ar l -
L INUI qutﬂa1tﬂﬂtnaT1a1au diuaa¥u aunlatdnd &4
nanadmTadI1e ledeaoan Ureniia uasﬁaqquﬁauéu (flexibility)
- ] I's 4 4 :
nandtdtalJaa lnd sualacdad Feiduavashinuaeauadavdivlunnafn
- o 4 ux - - 4
¥1  MANATITNINIU Taanw1u1sqnna1ﬂuzuugﬂunqa diaaniatafuas
Tntanuian LtE182afn TINITRINIHIESUAAEIIRTHRBT RV TELUUFINT

-~ [ N - ]

adurslETasac i d8a da'ly

2.2 MANNITNINIUTANINITRINUTENAY

2.2.1 2937 adud Vntwed (Low pass filter)

ulinfbusiuravaearlad wad davand 3o cduavashaanli
ﬁmmﬂmn01uﬁ£1dﬂuaanunTwaﬁn11§mtaa (loss) ﬁaaﬁqa Tunae dyya
?eﬁnvﬂuﬁgvnsgnﬁu(attenuate) 1iTidwavaTaanuly dmFuseuu
t3aieenaT Tadwrd Vavaed Raanlieaudtaeud o 1340 9 20 Ala
(B4n irindiudueanunly

131182931 Tadund Vaiwed nav uvatau war ad (Sallen
& Key) #eiintsllaunsvuvvuanWifiuaasuanil Vairad  (active
filter)uash niqudivad dvidu ;transfer function) ®a

T, = k/RR,C,C, -
- 1 11—k 1 . (2.2.1-1)
s’+{ + + >+ :
R.C, " R,C,  R;C;/ " R\R,C,C,

& ar o : ¢
(3157} l?l!lﬂﬂﬂ'i‘ﬂﬂ'l‘lﬂ’)1ﬂ!l\JQ\!'QTT‘R'JW"IG' ﬂama{

[y

2 ’ cto(2.2-1"‘2)



sz 18491 /
f - - —
© 1
. v / 1 *
w, _ R1R2C|C2
& =tw,” 1 PR
R,C, R,C;  R,C,
k
K‘R,R,c,c,
4
|1
- B )
+
o+
Vi ¢ Re
- 2 er A
32 o
™

71 2.2.1-1 udavr9aTladwad Vaiand

2.2.2 oqaidiﬁeiggqazuﬁutaaa (Sawtooth Generator)
ﬁmmﬂmzuﬂutgaa ﬁﬁawnﬂ1ﬁ5numeﬁq3ﬂﬂ 2.2.2-2 fiuda
TUIADE YL TIEUE LN TRE 2880 T B9 L UL 289 auﬁqdﬁqqqaﬁﬁﬁuua
1% nuﬂaunqu1q§uﬁqsanaq§dﬁé1qa ai1979a1 52 Tageadan siiauas
nﬂau1cj (charge and discharge) nﬂﬂﬁﬂlﬁUHTsQ (Capacitor)
nunavInanTeud  waeliiavaseiin nIninad (schmitt trigger)
nie99371 T80 NauLT9dw (voltage comparator) ‘lunt7adind uway
iﬂan1sud1suiﬂeﬂ1qnﬂ1§aﬁunﬂ1aﬁau1c3



V"—__'l'
by }—

8 e =

% s¢ S0

$0 $
. ' N

50t &iméitlnang s
‘3(. H 131’%“‘\3“:

4 &
71 2.2.2-1 udae293T0 L Hadgyiaiiui Aaavugiu
- 4 o
71 2.2.2-2 uRavinwue1adgyiuiiuiRaan e
§E <~ a X 0 ] 1 o &
tﬁat1uu1ﬂ1m1duu§1ﬁd3nﬁﬂaag 5q1uﬁﬂssjﬁqqﬂgquﬂ1tnu
s.‘ -ar '.II “4
Useq aﬂnuuﬁqnﬂ1§gntﬂaaan aqtﬁnﬂ1ejaut?uaaﬂ1s3 wIvAuUNan
) ! B 4 ] d 4
AdauddAnLwNTYL TaE 9 1u§ﬂﬂ E DEJMURLADT tuaﬁanimﬁgu 2.2.2-4
o ¢ a . [ y
UHANAIIUTUUUTTENIINAIASAIL IR (Lime constant, T=RC) nutﬂa%
4 3 a - ARSI [
LTUATB VAL TIART IFATANATANAD L TUYTEY

-
o

b (XX ¥

s BHS
?

i

oot

ot %

¢ 3

4=
AT Sk

U 2.2.2-3 udavIv3ITATHALTEINEY C

1 2.2.2-4 udaansﬂun11ﬁau1ujnaq C

ALl 1 d1avEaL9a0 RIS EL LT CHE TSI ERTE X
duanadauliiiiu 63.2x mavuIIAUFIHG E Tutaednia i udavuyasusa
GusasivaviduiBei i n11tu§auuﬂaﬂdnt1aw#1§1un11ﬁaﬂ7v31uﬁu1q
duiiaenng ﬁﬁ1ﬁTaanﬁsﬂ1uqadﬂ R uat C @11393771 2.2.2-3 uan

3 [ J L4 ar - - J [ d *
ntuIeiu E dnaliifuavasiviiiuiaaiuguoaanlilunriayseq Uil

024671



10

’

vila E, Hourai dufuauirafy E, vatnidisuifiauneduaena i
d'mﬁﬂawa': mtnuu'm'a'a\m'lau':maa'wﬂat'm 1REey E Fvaany
ulldn fu ﬁua 'wa-u.u'samnauuwaunw‘lﬂm'lumﬁtﬂaw'-n @iy
u1u3nasnuaau1saw E, A6 dntu INRTIERIIIUTA 1 aétﬂuun'w
15ﬁmﬂmzuﬁut$aaaanm‘lﬁ' .



1

2.2.4 NATLIa1A3 AU INTR aadBaiaiead (VCO)

£ 5 - 'y 4 1 s
33Ta (durvasanddaiataedTwwindggraina i suadiiuns
~ ~ 2 e Y 7] - )
aavauwTsduInatauaniilauliiuaeas (aaiinkanns @Ta A -

a'1ﬂuﬁuuun'wudwﬂ'nunuacu‘:\mumuqum'mn cluinmas LB iu

- - - A -

333¢
ﬂimﬁ MNS

~ee- uriaiunsud i Ce

' n:b(\‘af{m 1d
1
(]

~

: X
71U 2.2.4-1 UdAYINITAITAININWUE B T

Vit)
V"‘.T'“ |
Vw
V—l' ......... .._.-:._..-- PRI Y W W
R\ ¥ 7 k=0 t,—te—at,—
k A A

ar - J ]
Zﬂ 2.2.4-2 UHANANHAULABIUTIAUNANATRN C'r 'lu';ﬂ 2.2.4-2

3l 2.2.4-1 uaavuuuﬁen11ﬁ1qnuﬁugﬂunﬂqqcﬂ1 1la
918 ladiq 1y unavinanTeudfIuANL U selaccharge) uarana
Usey (discharge) dimidatiudsey ¢, Taadaeastin nIninad iu
ﬁqnququﬂﬁus5a11unw15auauaﬂmu1sj & w¥ureasnin n3nnad  fae
ﬁ1cﬁuu1qﬁunq1d3nﬁa§ 2 Tvau @ wIvAWINIA [#a  (threshold
voltage) V_ uav Vi

v o
12NN 19DBIU TG V, =V, -V,

4 J ] (.4 ) [ ar
tilaunavinanTeudna i C. aniauaraalTey  WINAUAN



12

1) Ju
adau . sudtiiwiBeiunauiaan Sansuandadseqlit ¢, douna
1 e Y] - ] ﬁ - -~
tinfiuanadTequis wivduanadan C. el luguduindsunauuing
¥ ] ] ]
1un11aaﬂ1sjuu C, A 1a¥UN173 180 T8UAIINUNANINY
[ 4 ar 'Z - L
n1suaﬂ7uu1u3u 2.2.4-1 tuanﬁsaaﬂ183tﬁunuﬂuﬁuﬁvauﬁﬂﬂ v,

- -~ I's o ' - - ] [ -
NATHAN nTninadIenivIunatIne aeFuding InuNaNIanTERAE U
-~ ] [ - 1] 3' 1] 1 ns

1ﬂaﬂuanQﬂan1sudﬂqaﬁonﬂuzu 2.2.4-1 C_ Qunmsuiqaaagnu
] [} - [ o - ) ] - o
uuaqqqan1cudn1aqcniunﬂau1831uaﬂuuaqaﬂan1suﬁaqndﬁ11un1unq
-~ - o o I - - 4 o o -
WIAURAANY  Iv@Aa vV faelunaliagasriin nIninadnrean fiudse
[] I or ] [] -~ z L4 ¥
d%nﬁqsgnﬁuiﬂmmagnuuuavaﬁan1uudﬂ7uu5nn1e 29TIENTIIIUT 9
'
agtﬂuu

[ d |l d
W37 R2UTUEIRTIAN V(L) ﬂTﬂNﬂQlﬂﬂTﬂ? C.r

.

dv(1)/dr = d(Q/C)/dt 3Q tilugasqlu o,

=(1/C)(dQy d1) |

=:‘:I‘I/("l -0-(20204_1)

4 4 e .
vaani i lunToudeuussduan vode v, wia v, oudle v, #@waTomn
» - -~ « . < < ~

18 dwdulunsdliuaviuanaden ¢ Fzudunant 1lavannTzudiizuna
tinfiwlunaTdauasatayseqdan c,

N Aty = Aty i
way . s
Vi—V. V—-V_ Ik
Alz Aty C(
't?l'l‘lﬁ 4
(Vi =~ V)G . WG
= o.o(202.4-2)
. Iy I
. Fi
A1UL2a8171uN1T paddatan = T = hh+gu

I ¢ -
= ;ﬁQ ‘ vee(2.2.4-3)



S A

1o _te
T 2WG

<
A21un luN1T aaddaian ;3 f= e (2.2.4-4)
[ ] 1 - -~ & ] P ar ﬁ
S manunavdnznszuaiiarradaiivg eniswssdualuauiiun seud iy
Fnwae 39 iy nalaRe

Iy = G.(V. + Vo)» ees(2.2.4-5)

i Sua ¢ - w4 .
Tash a_ 1dudimiudivad apudauBul racunavatanisud uae v,
[ '3

tﬁuu1qaun1uqu SRR

__da
ﬂ‘znq

=‘k(%*‘%)

ZVWC‘ oo.(2o2-4—6)

3 s P £ o P
azifiuia aaudluntT sesdatan  ssiiudlediuc e FunavuTediuany
w £ ] \, o
an V. g7l kv tHudnsedntnnTiuaaun s edius fuaaqud

(voltage-to-frequency transfer coefficient) a1

)/ HEL, \r3
v ch ZVWC“ -|0(2!2!4-7)

2.2.5 ARk (multiplier)
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(Modulation operation with small carrier amplitude)

MNINAITIY 2.2.5-1 L719BRIITHINITHINIRDBIIIR T
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vile 1 tﬁun1uuaﬁ3aﬁ1vqunacé Q,-Q,

To| G/ &\l
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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 opsra:
tional amptifier with an internally trimmed input offset
voltage (BI-FET II™ technology). The device requires &
fow supply cutrent and yet maintains a large gain band-
width product and a fast slew rate. In addition, well
matched high voltage JFET input devices provide very
low Input blas and offset currenis. The LF351 is pin
compatible with the standard LM741 and uses the same
ofiset vollage adjusiment circuitry, This feature allows
designers to immediately upgrade the overall perfor-
mance of existing LM741 designs.

ot

The LF351 may be used In applications such as high
speed Integrators, fast D/A convefters, sample-and-hold
clricuits and many other ciicuils requiring low input
offset voltage, low input bias current, high input Imped-
ance, high slew rate and wide bandwidth. The device
has low nolse and olfset vollage drift, but for applica:

Operational Amplifiers/Buffers

BLFET W™ Technology
R

tions where these requirements are crllical: the LF356 Is
recommended. If maximum supply cutrent is important,
however, the LF351 is the better choice.

Features

» ([nternally trimmed offset’voltage 10mv
% Low input bias current 50pA
m Lowinput noise vollage 16nVIVHZ
a Low input noise current 0.01pANVHz
8 Wide galn bandwidth 4MH2
& Highslewrate 13Vius
8 Low supply current 1.8mA
® High input Impedance 1012q
® Low total harmonic distortion Ay = 10, <0.02%

R{ = 10k, Vg = 20 Vp-p, BW =20 Hz2-20kHz

& Low 1/f noise corner / 50Hz
& Fast settling time 10 0.01% 2u8

Typical Connection

M vee O— 3 *

INTERNALLY

Vi O— ¢ I

Connection Diagrams (Top Views)

Metal Can Package

V-
Note. Pin 4 connected to case,

Order Number LF351H
See NS Package HOBC

Simplified Schematic

Vo

INTERAMALLY
TRIMMED
YRIMMED

Dual-In-Line Package

sALANCE —H U e
INPUT -4 v
eyt -—’-‘}L‘—- ouTPuT

v-—Y S sarance
TOF VIEW

Order Number LF351N
See NS Package NOBA
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42 ]
\. .
Absolute Maximum Ratings ;
)
Supply Voltage +18V ; I
Power Dissipation (Note 1) 500 mwW I i
Operating Temperature Range 0°Cto +70°C .
Tj(M AX) 1156°C :
Ditferential Input Voltage =30V ;
Input Voltage Range (Note 2) . 215V - !
Output Short Circuit Duration Continuous 1},
Stotage Temperatute Range -65°Cto +150°C :
Lead Temperature (Soldering, 10 seconds) 300°C
DC Electrical Characteristics iote 3) f
. LF3s1 o
SYMBOL PARAMETER CONDITION MIN e MAX UNITS !
v, |
Vos Input Offset Voltage Rg =10k, TA=25°C 5 10 mv ,
Over Temperature 13 mv
8Vog/aT Average TC of Input.Ofiset Rg = 10kQ 10 Wi*C ]
Vollage [
los Input Offset Current Tj=25°C, (Notes 3, 4) 25 100 pA ‘
T] < 70°C . 4 nA
g Input Bias Current Tj=25°C, (Notes 3, 4) 50 200 pA
~ Ti < 70°C 8 nA
RIN Input Resistance T,=25°C 1012 o
AvoL Large Signal Voltage Gsin Vg= 215V, T =25°C 25 100 vimV .
Vo= =10V, R = 2kQ N
Over Temperature - 15 vimv ‘
Vo Output Voltage Swing Vg= x15V, R =10kQ +12 =13.5 v ‘
vem Input Common-Mode Vollage = 215V 1 +15 v
Range A AN 2 -12 A §
CMRR Common-Mode Rejection Ratio Rg € 10kQ 70 100 aB I
PSRR Supply Voltage Rejection Ratio {Note 5) 70 100 dB !
B 1
g Supply Current 1.8 3.4 mA T
N '
L
. T P
AC Electrical Characteristics (Note 3)
t
LF351 ,
SYMBOL PARAMETER CONDITIONS MIN TvP MAX UNITS {
SR Slew Rale Vg= 215V, T4 =25°C 13 Vs
GBW Gain Bandwidth Product Vg= 215V, TpA=25"C 4 MHz
en Equivalent Input Noise Voltage | Ta =25°C, Rg= 1002, 16 nvivViz
{=1000Hz
in Equivalent Input Noise Current T)=25*C, 1= 1000 Hz 0.01 pAVHL |
Note 1: For operating al elevaled temperature, the device must be derated based on a thermal resistance ot 150 °C/W Junction to amblent
or 45°*C/W junction to cese.
Note 2: Unlecs othetwise specitied the absolute maximum negative Input voltage is equal 10 the negallve power supply vollage.
Note 3: These spucifications spply for Vg = 215V and 0°C € Tp € +70°C. Vos. Ig and lpg are measured at Vom =0,
Note 4: The input biss cutrents are Junction leakage curtents which approximatsly doudble for every 10°C inctease in the junction tem: {
petuture, T). Due to the limiled production test time, the input bias currenis measured are correlated 1o junclion tempetatute. In norma!
operation the junctlon femperaiure rises above the ambient tempetature 85 & resull of internat power dissipation, Pp. Ty = TA +©ja PO
where 6,5 is the thermal resistance from junction 10 ambient. Use of @ heat sink is tecommended H inpul bias current is to be kept lo 8
minimum.
Note §.: Supply voltage rejection ratio Is measured for both supply magnitudes increasing or decreasing simultaneousty in accoroance
with common praclice.
J—
. 3.36 =
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Typical Performance Characteristics (continued)

Distortion vs Frequency
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XR-8038

Precision Wave{orm Generator

GENERAL DESCRIPTION

Tne XR-8038 is a precision waveform generator iIC ca-
pable of producing sine, square, friangular, sawlooth
and pulse waveforms with 8 minimum number of exter:
nal components and adjustments. Its operating fre-
quency can be selected over nine decades of {requen-
cy, from 0,001 Hz 10 1 MHz by the choice of exiernal R-
C components. The frequency of osclilation Is highty
siable over a wide 1ange of tempetature and supply
voltage changes. The frequency control, sweep and
modulation can be accomplished with an exteinal con-
trol voltage, without affecting the quality of the output
waveforms. Each of the thtee basic waveforms, i.e.,
sinewave, triangle and square wave oulpuls are avall-
able simultaneously, from Independent output termi:
nals.

The XR-8038 monolithic waveform generator uses ad-
vanced processing technology and Schottky-barfier dl-
odes 10 enhance its {requency performance, It can be
teadily intertaced with a monolithic phase-delector clr-
cuit, such as the XR-2208, 1o form stable phase-locked
loop circuits.

o,

FEATURES

Direct Replacement for Intersif 8038

Low Frequency Drift—50 ppm/°C Max.

Simu'taneous Sine, Triangle and Squate-Wave Quiputs
Low Distortion—THD = 1% .

High FM and Triangle Linearity

Wide Frequency Range—0.001 Hz 10 1 MHz

Variable Duty-Cycle—2% to 98%

APPLICATIONS

Precision Waveform Generation Sine, Triangle, Square,
Pulse

Sweep and FM Genetation

Tone Generation

Instrumentation and Test Equipment Design

Precision PLL Design

ABSOLUTE MAXIMUM RATINGS

Power Supply . 36V
Powaer Dissipation (package limitation)
Ceramic package 750 mwW
Derate above +25°C 6.0 mw/°C
Plastic package 625 mW
Derate above +25°C 5 mw/°C

Storage Temperature Range -65°C 10 +150°C
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FUNCTIONAL BLOCK DIAGRAM

DRDERING INFORMATION

Part Number Package Operating Temporature
XR-8038M Ceramic -55°C to +125°C
XR-8038N Ceramic 0°Cto +70°C
XR-8038P Plastic 0°C o +70°C
%R-8038CN Ceramic 0°C1o0 +70°C
XR-8038CP Plastic 0°C 1o +70°C

SYSTEM DESCRIPTION

The XR-8038 precision wavelorm generator produces

highly stable and sweepable square, triangle and sine

waves across nine frequency decades. The device/
time base employs resistors and a capacitor for fre-

quency and duty cycle determination. The generator

contains dual comparators, a flip-flop driving a switch,

current sources, a buffer amplifier and a sine wave

converter. Three identica! frequency wavelorms are si-

multaneously avallable. Supply vollage can range from

10V 1o 30V, or < 5V with dual supplies.

Unadjusted sine wave distortion Is typically less than
0.7%, with Pin 1 open and 8 kQ from Pin 12 to Pin 11
{~VEE or giound). Sine wave distortion may be Im-
proved by Including two 100 k1 potentiometers be-
tween Vce and Veg (or ground), with one wiper con-
nected to Pin 1 and the other connected to Pin 12.

Frequency sweeping or FM Is accomplished by apply-
Ing modulation 1o Pins 7 and 8 for small deviations, or
only to Pin 8 for large shifts. Sweep range typically ex-
ceeds 1000:1.

The square wave output is an open collector transistor;
output amplitude swing closely approaches the supply
voltage. Triangle output amplitude is typically 1/3 of the
supply, and sine wave output reaches 0.22 Vg.




XR-8038

ELECTRICAL CHARACTERISTICS

Test Condltions: Vg = +5V10 £15V, T4 = 25°C, R = 1 Ml, Rp = Rg = 10 k{),

4b

unless otherwise specltied. See Test Circult of Figure 1.

Cy = 3300 pF, §1 closed,

oo
XR-B038M/XR-8038 XR-8038C
PARAMETERS MIN  TYP MAX |MIN TYP MAX |UNITS CONDITIONS
GENERAL CHARACTERISTICS .
Supply Voliage, Vg
Single Supply 10 30 (10 30 v
Dual Supplies +5 +15 | 5 +15 v
Supply Current 12 15 12 20 mA {Vg = 210V, See Note 1.
FREQUENCY CHARACTERISTICS (Measured al Pin 9)
Range of Adjusiment
Max. Operaling Frequency 1 1 MHz |Rp = R = 5000, Cqy = 0,
. RL = 15k
Lowest Practical Frequency 0.001 0.001 Hz |RaA =Rg=1MQ,Cy =
g 500 uF
Max. FM Sweep Frequency 100 100 kHz
FM Sweep Range 1000:1 1000:1 Sy Open. See Notes 2 and 3.
FM Linearity 0.1 0.2 % Sq Open. See Note 3.
Range of Timing Resistors | 0.5 1000 { 0.5 1000 | k@ |Values of Ry and Rp
Temperature Stabllity
XR-8038M 20 50 | - — — [ppmi°C
XR-8038 50 100 | — —_ — ippm/<C
XR-8038C _ — — 50 ppm/°C
Power Supply Stability 0.05 0.05 %/ |See Note 4.
QUTPUT CHARACTERISTICS
Square-Wave Measured at Pin 9.
Amplitude 0.9 0.98 08 098 x Vg Ry = 100 kQ
Saturation Vollage 02 04 02 .05 v lsink = 2 MA
Rise Time 100 100 nsec |[RL = 4.7k
Fall Time 40 40 nsec (R = 4.7 kQ
Duty Cycle Adj. 2 88 | 2 98 %
Triangle/Sawlooth/Ramp Measured at Pin 3.
Amplitude 03 033 03 0.33 x Vg |RL = 100 kQ
Linearlty 0.05 0.1 %
Output Impedance 200 200 Q lout = 5 MA_
Sine-Wave Amplitude 0.2 022 0.2 022 x Vg [Ry = 100 k02
Distortion
Unadjusted 07 15 0.8 3 % |RL = 1 MM. See Note 5.
Adjusted 0.5 0.5 % |RL = 1MQ
Note 1: Cutrents through Ra ad Rp not included,
Note 2: Vg = 20V, { = 10 kHz, Rp = Rg = 10kfl.
Nots 3: Apply sweep voltage at Pin 8.
{213 VS + 2V) = szee s Vs
Note 4: 10V s Vg 5 30V or £5V < Vg < 215V, 0 v
Note 5: B1 kfl resistor connected between Pins 11 & .
and 12. £ * "
. + L]
S K ’ nn
s,\-— . XA-8038 1——0 WV
P p—— N\
10 1" LH
'l' € 3m
T -0 - v
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Figure 1. Generalized Test Circult
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CHARACTERISTIC CURVES

XR-8038
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Power Dissipation vs. Supply Voltage

WAVEFORM ADJUSTMENT

The symmetry of all wavelorms can be adjusted with
the exiernal timing resistors. Two possible ways 1o ac-
complish this are shown in Figure 2. Best results are
obtained by keeping the timing resistors Ra and Rg
separate (a). R controls the rising portion of the trian-
¢le"and sine-wave and the “Low" state of the square
wave, p

The magnitude of the triangle waveform is sel at 1/3
Ve therefore, the duration of the rising portion of the
triangle is:
CxV_Cx13xVee xRy
l 15 x Voo

5
t ==RaxC
1 3A

The duration of the falling portion of the triangle and the
sinewave, and the "High" slate of the square-wave is:

‘2=C><V= C x 13Veo P Sx RARRC
! 2><VCC 1chc 3 2Ra-Rp
5 RB. 5 Ra

Thus a 50% duty cycle is achieved when Ra = Rg.

i the duty-cycle Is to be varied over a small range
about 50% only, the connection shown in Figute 2b is

Supply Vollage
Frequency Drift vs. Power Supply

Sinewave THD vs. Frequency

slightly more convenient. If no adjustment of the duty
cycle Is desited, terminals 4 and 5 can be shorted to-
gether, as shown in Figure 2c¢. This connection, how-
ever, carties an inherently larger variation of the duty-
cycle.

With two separate timing resistors, the frequency is
given by '

.

i+t §RAC 1 +—-——H£—
3 2RA ~ Rp

o, Ry = Rg =R
{ = 0.3/RC (for Figure 2a)

if a single timing resistor is used (Figures 2b and ¢), the
frequency is

f = 0.15/RC

The frequency of osclllation is Independent of supply
vollage, even though none of the voltages are regulated
Inside the integrated circuit. This is due to the fact that
both curients and thresholds are direct, linear function
of the supply vollage &nd thus their effects cancel.

—0 vgg

e &7
*atou :v% A
[

;f"n 4!"- .
N 1y O nn K v
E ' XR8038 i— A E '
o L 12 N N " "

FQ .

" — )
’ nn E' ‘ ' o nn
10 AN . XR8038 i——o AN
1——o A\, R ] e A

L
!

(1Y

-0 veind

Ve GaD

-veoan

Figure 2. Possible Connections for the Externa! Timing Resistors.
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XR-8038

DISTORTION ADJUSTMENT

To minimize sing-wave 0'L1ortion the 81 ‘kﬂ resistor b_e-
tween ping 11 and 12 iv belt made a vanablg one. }Nnh
this anengerment distorton of less than 1% is achieva:
ble. To redutk this kver {Lher 1wo polentiometers can
be connected as shuwr it Figure 3. Thns gonhguxanon
allows a reduction of sine-wave distortion close 10

0.5%

l —0 Ve
%u. Y N
D )
- vl nn
E . XR 8038 3 f—0 AA/
7m0 ,\/
7 " 7 ) r
I o
mo..s:
=
T e L T
»% o GAD
e gueene e s L

Figure 3. Connection to Achieve Minimum Sine-Wave Distortion.

SELECTING TIMING COMPONENTS

y gi 1put frequency, there is a wide range of
g%r igé?)li\:\ea?ig:splhal will work, prever certamn c?”-
stramts are placed upon the magnitude of the chaiging
current for optimum performance. A't the low end, cur-
rents of less than 0.1 pA are qndggrable because cir-
cuit leakages will contribute significant errors at plgh
tempetatures. Al higher currents (1.> 5 mA). \ransisior
belas and saturation voltages will contribute increas-
ingly larger errors Optimum performance w1'I| be ob-
tained for charging currents of 1 u‘lo 1 mA. I[ pins 7 and
8 are shorted logether the magnitude of the charging
curient due to Ra can be calculated from;

Vee
5RA

Ry x VcC 1

= ¥ L

"Ry + R Ra

A similar calculation holde for RB.
SINGLE-SUPPLY AND SPLIT-SUPPLY OPERATION

enetalor can be operated either from a
.sruril'\egl\g,a;glstgpply (10 10 30 Vons) or a dual power-
supply (£ 5 10 2 15 Voits). with a single power-supply
the average levels of the tnangte and sine-wave are at
exactiy one-hall of the supply vollage, while the square-
wave alternales between +Vcg and ground. A split
power supply has the advantage that all waveforms
move symmetrically about ground. -

The square-wave output is noi_commmed. A load resis-
tor can be connecled to a different power-supply, as
long as the applied vollage remains within the break.
down capability of the wavelorm generaior (30V). In this
way, the squate-wave output will be TTL compatible

Figure 4. Connections for Frequency Modulation (a) and Sweep (b).
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(load resistor connected to + 5 Volis) while the wave-
form generator itsell is powered from a higher supply
voltage.

FREQUENCY MODULATION AND SWEEP

The frequency of the wavelorm generator is a direct
function of the DC voltage at 1erminal 8 (measured from
+Vce). By altering this voltage, frequency modulation
is performed.

For small deviations {e g., * 10%) the modulating sig-
nal can be applied directly 1o pin 8 by merely pioviding
ac coupling with a capacitor, as shown in Figure 4a. An
external resistor between pins 7 and 8 is not necessary,
but it can be used 10 increase input impedance. With-
out it (i.e. terminals 7 and 8 connecied together), the in-
put impedance Is SkQ); with it, this impedance in-
cieasaes 10 (R + 8kfl).

For larger FM deviations or for {requency sweeping, the
modulating signal is applied between the positive.sup-
ply voltage and pin 8 {Figure 4b). In this way the entire
bias for the current sources is created by the modulat-
ing signal and a very large (e.g.. 1000:1) sweep range is
obtained (f = 0 &t Vgyeep = 0) Care must be taken,
however, 10 regulate the supply voliage: in this configu-
ration the charge current is no longer a tunction of the
supply voltage (yet the trigger thresholds stll are) and
thus the fiequency becomes dependent on the supply
voitage. The potential on Pin 8 may be swept from Vo
10 2/3 Voo +2V.

—O v

{a) ng
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4 & v
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ORDERING INFORMATION 3 ﬁ

__Device  Temperature Range _ Package

i MC1496G 0C 1o +70°C Metal Can MC1496

MC1496L 0°C 1o +70°C Ceramic DIP
MC1456P 0°C1o +70°C Plastic DIP
MC1596G -55C 10 +125°C Metal Can MCISQG
MC1586L ~55°C 10 +125°C Ceramic DIP
—
i
BALANCED MODULATOR - DEMODULATOR BALANCED
. . . designed for use where the output voltage is a product of an MODULATOR — DEMODULATOR
input voltage (signal) end a switching function (carner). Typical
épplications include suppressed carrier and amplitude modulation,
< synchionous detection, FM detection, phase detection, and chopper SIGICONMONPLITHIG
applications. See Motorola Application Note AN-531 for additional INTEGRATED CIRCUIT
design information.
® Excellent Carrier Suppression — 65 dB typ @ 0.5 MHz
- 50 4B typ @ 10 MH2
® Adjustable Gain and Signal Handling
® Balanced Inputs and OQutputs ME 1GASLU,':‘_!:A“
® High Common Mode Rejection — 85 dB typ CASE 603

FIGURE 1 -
SUPPRESSED CARRIER
OUTPUT WAVEFORM L SUFFIX
CERAMIC PACKAGE
CASE 632
F TO 116

{

: gié:t ? A

P SUFFIX
PLASTIC PACKAGE
CASE Ba6
IMC1496 only)

ot . (f:\ﬁ/‘“}.
- |
FIGURE 2. L fecih

SUPPHESSED CARRIER B
SPECTRUM S 5 A L
|

UDE MODULATION SPECTRUM

FIGURE 3 -
AMPLITUDE MODULATION
QUTPUT WAVEFORM
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MAXIMUM RATINGS® (T4 * 125°C unlesy otherwise noted)

L Aating Symbol Value Unat
Apphed Voltage av 30 Vac
(Vg - V3.Vg - Vy. Vg~ V3, Vg=- Vg, Vy - Vg, V3 - Vqy,
Vg - V4. Vg - Vg. Vo - Vg, V3~ Vgl
D terential input Signal V- Vg 50 Vdc
Va-Vy 145415R, )
Masemum Bias Cursent 13 10 mA
Power Dissipation 1Pachage Limatation) o
Cetamic Dual In-Line Packuge 7% W
Derate above Ty » +25°C 385 mw/°C
Metst Package 680 mw
Derate siove Ty = +25°C 46 my,oC
Operating Temperature Range Ta °c
MC1496 019470
MC 1596 -5510+125
Siarage Temperature Range Ty -65 10 1150 oc
ELECTRICAL CHARACTERISTICS® {Vge ® 412 Vde, Vgg = -8.0 Vdc, 15 = 1.0 mAdc, R = 3.0 k§), Rg = 1002
TA = +25°C unless otherwise noted) (All input and output characteristics are single-ended unless otherwise noted.)
MC 1596 MC1496
Charecterstic Fig{ Nose Symbot | Min | Typ | Max Min | Typ | Max Unit
Catrier Feedihrough & 1 VCFT wV(rms)
V¢ * 60 mVirms) sine wave and {ic= 1.0kHz - a0 - - 40 -
offset adjusted 10 zer0 fc = 1OMHz -~ (10| - - 140 -
Ve * 300 mVp-p square wave. mV{irms)
offsel sdjusted 10 210 fec=10kH2 - 004 0.2 - 004 | 04
offset not adjusied tc* 1.0kHz - 20 100 - 20 200
Carrwer Suppression ) 2 Ves oB
fg + 10 kK2, 300 mVirms}
fc * 900 kHz, 60 mVirms) sine nave -~ 50 65 - 40 65 -
fc * 10 MH2, 60 mVirms) sine wave = 50 - - 50 - L8
Transadmittance Bandwidih (Magniudel (R = 50 ohms) 8 8 BW3ag " MMz
Carner Input Port, Ve = 60 mVIrms) sine wave - | 300] - - 300 -
15 = 1 0 hHz, 300 mVirms} sine wave
Sgnat Input Port, Vg = 300 mVirms) sine wave - 80 - - 80 -
Ivel» 05 Vae
Signal Gain 10 3 Ays 25 | 35 - 25 | 35 - viv
Vg * 100 mVirms), £ = 1.0 kHz; [vgl= 05 Vac
Single £nded Input Impedance, Signat Port, = 5.0 MHz 6 -
Parsilel Input Resistance "o - 200} - - 200 | - kil
Parsallel Input Capacriance ¢ - 2.0 - - 20 - pf
Single-Ended Output Impedance, { = 10 MHz 6 -
Parpilel Output Ressstence Top - a0 | - - 40 - kQ
Paratiel Output Copacitance Cop - 50| - - 50 - of
Input Bias Current 7 - wA
1y +1g 17+1g Ibs - 12 25 - 12 30
IpG ® ~ressem | g @ 20
bs 3 -1 3 Ine - 12 % - 12 30
INpUl UHisel Luttent ? - g - wh
hos*i-14.hoc" 1218 e8! -~ 1 07]|%0 - 07|20
I1,oe! - 07150 - 07 |0
Average Temperature Cotfficient of Input Otfset Current ? - ITCo! - 20 - - 20 - nA/CC
ITa + -559C 10 +1259C)
Output Otfser Current ? - ligo! - 4} %0 - 14 | 80 uh
{lg - lg)
Aversge Temperature Coetticient of Output Offset Current 7 - ITCyp0! - 90 - - 80 - aAOC
(Ta = -55°C 10 +125°¢C)
Common-Mode Input Swing, Sgnat Port, 15 » 1.0 kHz ] 4 CMy - 50 - - 50 - Vpp
Common-Mode Gan, Signat Port, g = 1.0 kM2, 8 - ACM - | -85} - - -85 | - d8
Ivel= 0.5 vac
Common-Mode Quiescent Output Voliage (Pin 6 or Pin 9} 10 - Vo - 80| - - 80| - Voc
Difterentiat Qutput Voltage Swing Capability 10 - Vour - 80 ] - - 80 | ~ Vp-p
Power Supply Cutrent ? 6 mAdc
16+ lg ice - 20] 30 - 20 |40
o IgE - 3040 - 30 |50
DC Power Dissipstion 7 5 Pp - 33 - - 33 - mw

@ Pin number referances perisin 10 this device when pacheged in a matsl can, To ascertsin the corrmponding pin numbars for plastic or
coramic packaged devices refer 10 the tirst page of this specification sheet.
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MC1496, MC1596

TEST CIRCUITS (continued)

FIGURE 9 - COMMON-MODE GAIN FIGURE 10 —~ SIGNAL GAIN AND OUTPUT‘S'WING

vee Vv
*12 vde .nc\(/:“
] ?
" Ree 1k " Rpe ik
OA.'l)V 3 2{ }3 3% a9k 1k oSV 3 7= 3 394 394
% v,
"_f_ o mCisse —e Vg + Howeses o Vo
w1496 R Vi MC1486
ve " A -V s < o e
10 5 m 10 5
50 &k Iy T §84
woi 1mA
= ACh = 2010p =% z =
-Bvet RS - vac
VEE ViE

Pin number 1eferences pertain 10 this device when packsgea 1n a metal can. To ascertan the totiesponding pin
AUMbers 101 PISSTIC OF COT8MIC DOCAApeC Tevices reter 10 1he first page of this specitication sheet.
TYPICAL CHARACTERISTICS (continued)
TypiCel CRaracter istict were ODInARd with Cireuil Shown 1n Figure 5, ic = 500 kH7 (sine wave),
Ve * 60 mVirms), fg e 1 kR2 Vg e 300 mVirms), Ty = +25°C unless otherwite notea,
~
FIGURE 12 - SIGNAL-PORT PARALLEL EQUIVALENT

FIGURE 11 - SIDEBAND OUTPUT versus CARRIER LEVELS
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INPUT RESISTANCE versus FREQUENCY

1. FREQUENCY (MH2)



MC

10 1T R1L ] 6 !
09 =T siGN4L FOAT 1~ ™ .
= os ) | \\ q s o s MR el taie e B
£ i s i iy v YT T-pbihion S A S |
£ 07 + L 2w = A
: e we s T T
% 06}-——~SIDEBAND - w e ML 149 e . !
% f [‘ smuuu 1 m \ ” E 30 I e —-- —_—
£ s o ]Ii | pnm.wnunct N \ N g -t
i Loyt (EACH 101 BAND) I W =
) . gyt (EACH SIDT BAND) . ! o P - -
3 0 T.‘“‘ T T EIGAAL Vout 23 i\T e = ° 1
z ! IR ! 11t i I 1-
203 4[ i SIGNAL PURT T L T 5w Bt e
- I transaowirtance | | |11 Ll 7 ~~ B - s
< w2 T mv 1 I g , T I
0. 17 HJ me —ﬂ IV“‘"" v . 05Vu:l i 60 A7 -3
0 T Lt 4l N T T
8.3 o 1 1000 75 50 <25 D e25  e50 7% <100 <125 +150 178
fc, CARRIER FREQUENCY (MH2) Ta. AMBIENT TEMPERATURE 10C)
FIGURE 17 ~ SIGNAL-PORT FREQUENCY RESPONSE FIGURE 18 ~ CARRIER SUPPRESSION versus FREQUENCY
. - (]
= AT L T Resss T = T T T T I
2 B B e B R V”'] |Rl[.;.|m“ X P 10 ] } r”
z ~— = '
T myARSigR N\ S &b :
s e NG, Sz il
< Aps39h (Sunwa ﬂ” /T\\Wh 2o ,u
z o Reedd  Ten Cucut T RL =39k W\ SEn 7
2 (g toRe=2n LI EE- ¢
Q ki T THig T N z a |
£ o1 T ARATI E2 0
4 e
< 1 R( » 8000 N 2%
-t T Roe b \ g : 50
e Ve, 08 Ve 3 RN ©«
50 y t Ht N 2
44
d | Ave L | £ w0 T
« Re * 21y 3 aend
20 L | ! 2 1]
om 01 1.0 10 100 0.0% 0.} 08 0 £0 10 80
1. FREQUENCY (MHz) tg. CARRIER FREQUENCY (MH1)
FIGURE 20 —~ SIDEBAND HARMONIC SUPPRESSION
FIGURE 19 - CARRIEA FEEDTHROUGH versus FREQUENCY versus INPUT SIGNAL LEVEL
~ 10 pzzzmo—=ass 5 —— [} )
'E o b T 3
= ; g W
i 3
) : as 20
< i z>2
S e b 2o Y
=3 T -t wz
> E= /
- -« -
£ w40
5 ~ o caws L~
) . 2 S50 | e
& 01 o ®x
g S ;‘x 50 —4‘//17 ]
E T 2 hd tc2 g ——
4
= ! T £ n ]
o )l T -
> 001 (A 1 R
0.05 0.1 05 10 80 10 50 ) 200 400 600 800

1496, MC1596

52

TYPICAL CHARACTERISTICS (continued)

Typicsl characierniics were obianed with circurt shown in Figure S

1c = 500 kH7 (s1ne wave),

Ve = 60 mVIems), Ig = 1 kH2, Vg = 300 mVirms) T 5 = 4+25°C unless otherwite noted,

FIGURE 15 - SIDEEAND AND SiIGNAL PORT
TRANSADMITTANCES versus FREQUENCY

FIGURE 16 ~ CARRIER SUPPRESSION
versus TEMPERATURE

tc. CARRIER FREQUENCY {MH2)
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SCL4518B MM ‘
SoL45188 QG CMOS DUAL UP COUNTERS
FEATURES
¢ Two Independent 4-Bit Counters " CONNECTION DIAGRAM
¢ Internally Synchronous for High Speed N (all packages)
4 Dual BCD (SCLA5188) and Dual Binary .

(SCL45208) Configurations v Ry Qap Qg Q18 Qo ENg CLK
: Direct Resst ’ ‘?D IB j!B iZB l18 (IJB lB 1 8

Logic Edge-Clocked Design 5 13 12 11 9
¢ Trigger from either Edge of Clock Signal 16 ISCLX:B‘IBB SCL4520180
4 Static Operation— DC to 5MHz @ 10Vde 1 7 6 8

, 31 4 5 7

DESCRIPTION
The SCL4G18B Dual BCD Counter and the

SCL45208 Dual Binary Counter are constructed

with MOS P-channel and N-channel enhancement-
mode devices in a singie monolithic structure. Each
consists of two identical, independent, internally
synchronous 4-stage counters. The counter stapes
sre type-O flip-flops, with interchangeable Clock
and Enable lines .for incrementing on either the
positive-going or negstive-going transition gs re-
quired when cascading mMmultipte stages. Each
counter can be cleared by applying a high level on
the Reset line. in addition, the SCLAS18B will
count out of all undefined states within two clock
periods. These complementary MOS up counters
find primary use in muiti-stage synchronous or
ripple counting applications requiring tfow power
dissipation and/or high noise immunity. )

TRUTH TABLE

CLOCK | ENABLE RESET ACTION
" [ 0 Increment Counter
0 N 0 .increment Counter
— X 9 No Change
X — ! 0 No Change
- 0 4] No Change
1 . 0 No Change
X X 1., Q0 thruQ3 =0
X = Don't Care,
TIMING DIAGRAM
rﬂ) 31a{s|8|r]aleto]ntialia]ie|islis|rrhap
coe— UL ;
' U —
"oy 4 A
-
2a]ejslejrieisioli|alalalslalrlels 0
- et -
° LI allg
wLANE
an M-

xLafe

R LI |
CLKAENAQga Q14 G2493A RA Vss

Add suffix for package:
C 16-pin Cerdip
D 16-pin Ceramic
E 18-pin Epoxy
1 F  16-pin Flat
H

| LA

Chip

RECOMMENDED OPERATING CONDITIONS
For maximum relisbility:

pe Supply Voltage

Vpp-Vss 3toi1s Vde

Operating Temperature  Tp

C, D, F, H Device
E Device #

65 to +126 °C
pd 40 to +85 ©OC

BLOCK DIAGRAM

C'-O:T'ﬁ . Qg |03
i i S o

c
2 | . 02 —k

, ENABLE

neseT
130

cw:' Qg l—on
} c Qrpon
10 | 02 b 1)

R-Qar—ot¢

|

'SCL4618 — Dual BCD
. SCL4520 — Dusl Binary ©P SoUNt*
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b4 " . SCL46188B, SCL45208

~ ELECTRICAL CHARACTERISTICS
STATIC CHARACTERISTICS 1

O
PARAMETER Voo | conpiTions 1%C Uniws
V) Typ. ,
QUIESCENT DEVICE loo) .
CURRENT 5 |Vin"VgsorVpp 0.05 pAde
10 | All valid input 01 .
16 binati 0.2 .
'Y NOTES: ' Remaining Static Electrical Characteristics 'uo listed under “SCL4000B Series Family Specifications”, /
? Tiow = -65°C for C, D, F, H device, .
. » ~40°C for E device, . ,
Tritan =+125°C for C, D, F, H devica. A ‘ ' i
=+ B5°C for E device. .
. v
DYNAMIC CHARACTERISTICS (C, = 50pF, T, = 25°C) -
PARAMETER | yoo | wa | e [ wo [ o
CLOCKED OPERATION )
PROPAGATION DELAY TIME o tem
From Clock or Clock Enabie ] - 225 450 ns
s 10 - 100 200
. 16 - .80 160
QUTPUT TRANSITION TIME N trime b :
. - ] - 130 260 n
* 10 - 66 130
e 218 - 50 100
MINIMUM CLOCK PULSE WIDTH PWCL
O i b - 120 240 ns
o 10 = 50 100
15 - 40 80
MINIMUM CLOCK ENABLE PULSE WIDTH PWeg s
\ 3 5 - 200 400 ns
10 - 80 180
. . 15 - 75 160
MAXIMUM CLOCK FREQUENCY ~ fer
. . b 1.0 2.0 - MHz
Yoy 10 2.6 6.0 -
3 15 3.0 6.0 Cll
MAXIMUM CLOCK OR CLOCK ENABLE RISE
& FALL TIME' T teu el . .
- 6 15 - = M
v , 10 13 - =X
’ 15 3 - L=
AESEY OPERATION .
PROPAGATION DELAY TIME toni .,
i 5 - 225 450 ns
' . 10 - 100 200
. 15 - 80 180- .
MINIMUM RESET PULSE WIDTH ' ) PWp .
. ] 5 - 1§g 2;8 .ns
. 10 -
N 15 - 40 {180
RESET REMOVAL TIME trom
. ~ ] - 100 200 n
10 -t 50 100
18 - 40 80
! When units are cascaded, the maximum rise and.fall times of the clock input should be egual to or
less than the transition times of the dsta outputs driving data Inputs, plus the propagation delay of
the output driving stege for the output capacitive load, !
Voo DRAIN VOLTASE (Véc) ' \ .
<20 -18 16 14 12 410 8 6 4 -2 O . —_ s
T J T
Vo=~ Ve 7 5 .
-1 . o B 10 f -
pd 5 3 .
Voo r-l! Ve T P g 2 Vos - 18 Vie
" 25 20 = 1‘
Voo = =13 Vi : g 15 > Voum 10 Vi
- 10 {—
N i 25 Voa = 5 Véo 1,1-29;:-‘
1 A L
Ty=@Cq S 9 2 4 6 6 10 12 14 18 18 20
; - Vog, DRAIN VOLTAGE (Vide) .

i Typical P-Channel . Typical N-Channel
Source Current Characteristics . Sink Current Characteristics

«
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