USaani

9 o

)

. - u das
QPSK Tuidinlaensdunnshndyanu

QPSK MODEM with direct digital synthesis method

oy
W g yynged @udsedndn 37013403
W gdlyd Susing mualsedda - 37013405
W oylmun BYAvan @uilszddl 37013408
- P@ 2541

3 ifau U
wonzdeon....0.3.8.0.4. 5
@udunnsieda. 122001 45N

-

wuﬁﬁiﬂudawﬁwmmiﬁnummwa”ﬂqmﬂ?w,mmmmnssumﬁm%’ﬁmcﬁﬂ
- auivuna TuTad Insauunau
AuzrInITUNmMANT
aonfumalulafnszoundudhnunmsaanszia

Yosdnur 2539



& o -
YOUNANHT

sel (@
219150N1T Ay
MR

Unsdnu

opsk TwidnTasiidunseridyonu

QPSK MODEM with direct digital synthesis method

ww g yymged munlszsdy

a o o o w
ww gadlys $uslng musesida
ww eylaun Buavan aviszdea

pwsiaaty quisiyHa
MALARATINATIY

2539

37013403
37013405
37013408

auzdmnssumand  aoiumaluladwizesumndudmunmsmansls

¥ 1
ayWa i unlSygrilwus atuidd udrunilavesnsinuinundngasgamunssu-

MansUuNa

auzassuMsaRUTyaninus

Ysermunssums
( )
ATTUMT
( )
ATTUMS
( )
ATTUMS
( )
AFTUMIT

(

)

dudAntvesnuzimnssuman; aanfumaTulatnszeoundudngunmsamnszals



-] as o o
QPsK TuauTagdsdunsierdygu

Ty W i yymael @ulsedda 37013403
ww qadiyd $ualne vdszdwia 37013405
W eyimun Buavdn vdsediaa 37013408

st (2 4 s a
2115 INYT NN 81915dnady quISyHa
Yarsdnun 2539
u \
unnaga

luszuudeasdoyn  msueaganaunsomldnawds  Tashidadamsldanud
A a a S a P 1o A a 4 v o4 4
ptnillszAniamgega s darmimosase uiudr nielinufivwiesiige Tuteuly
noousuld
1 4

YSyaniiwuiiirus msueaganuuy  QPsK  laslditdunsizd lavasinn
amsndeyadiasadiuesfasaisealiuewdeniinamsy 9,600 Tnaeiuii Taoms
19 EPROM 27256 lumsfimuamla OUTPUT sz idginsalvesnadedivinadngs

= 4 ad A o w aa
clf\uﬂuaﬂ'Jﬁ'ﬂu‘iﬁ‘lﬂsl.lﬂ'ﬁuf]ﬂﬂ.laﬂllunﬂi]ﬂﬂa



Y-

QPSK MODEM WITH DIRECT DIGITAL SYNTHESIS METHOD

By Mr. Sukit Boonkarn No. 37013403
Mr. Suwanit Chumnonthai No. 37013405
Mr. Anuwattana Iatkhlig No. 37013408

Advisor Mr. Dolchai Sukchareonphol

Year 2539

ABSTRACT

There are several methods of modulation in data communication system
which using the most efficient frequency including the most accuracy or at least
error under acceptable conditions.

This thesis presents the QPSK modulation by the direct synthesis from digital
table pass to the 'D/A circuit at speed 9600 bps. By using EPROM. 27256 to select
the output phase. Which this method can reduce the size of the transmitter. This is

another method of digital modulation.
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1 247 auudnluan QpsK fidasuSadoya f, = 2 Mbs Aniudandadnue £,
a - Y] P-N o @ o 1 [y
= 1 Mbauad (1 WANTFUUBA / UM ) SasmmrimuRanmadydnyalveresdyyia I
'5 = : H o ) -3
uar Q Py = Py = 2*10 ns@ileminnafounavnnuiuveynsuiisasinfanma
a; ] - o ar o as a a -1
way 2000 luvanm 100 Jun @usransdlde) SasiinAanaaves lu@uaunsa
s 14
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b 4
o LY o o ° o a -5
P, = MUIUYBIDATIUNHANGIR / IUIUNINUAYDIUN = 2000 = 10
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E 4
~ Y a o Y d @ a
aulu sandinAananvessvamnsdifdalulufiy QPSK = 12 veidasifanaia

o o/ g

fydnual sardnAawaavesluidy QpsK firhswauuwinsslda fAs
Pogesk = 12 Ppgpsy = 1/2.erfc NE; / N, [2.23]

nouidaindanaa uaatausIouryeszuuIAgisur QPSK P, Y £
P g A J a V' w a
EbNo) uamdlugiit 2.7 aussouzveslududy q uaaslugdiidis dunadhdasin
- o o o g LY = o 3
Aanaafnaasaussougasiansdifaveduduuy  QpsK  dudnyasifoany Tudy

Tag8isuyt BPSK

2. Twaziduaves P, = f(EbNo) luszuuladisu QpsK

auuAndygna QPsk Mg hiNlamesuardygraiilivuuding lusda  (qUd

] as < ia 7 ] 2 ! @ 9/ o
2.18) vosdyanudduuuainadi 3 oh Funnahdandeyadiugadszacdlunm
Ufidvesresdyanuiuuudind isina ash aunsoh W lfwluszuy  Qpsk
fdaszan ISI wasgniiiauoulddae Aoumsiamesnisfudygnu QPSK svanatay

a0 et dwapasuanuylnimdGou waauihy
y® = AV2 cos ( 2nf.t + 6_) + ot 12.24]
N 6, = 45135225 %3p 315 8M (AAUMI (2.10) ) nIpEUNS

y® = T Acos (2Tft)£Asin (2Tft) +n() for 0St<T, [2.25]
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f* {[+Acos (2rfy )% Asin (2nft ) +0® ] cos2mfe } dt
+ 12 AT, +0+ | gn() cos (2nfe) dt [2.26]
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5 .
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ajli enmvsidyaaRLUUATIgNUBAIINILILAIBART BT ABT IIRB T Al

bo = £12 AT, + [ n@ sin(2nfg) d

[2.27]

A g L a 'U [}

¥ By uar By, fedususudy Wudun/siidihinedian (uncorrellate) 1 £, = kf
o ) a 1w
dunlamdiFousziludaszaniu

E[By 1 =E [By ] =*AT, /2 [2.28]

135 0UNYEY bol UAX boQ HNUAIAY

1 4

fyQiusuniu ac Midiifie

T 2
arb,] = E{[],n(t) cos2nf tydt 1 }

T (T
E( |, n(tn(0) cos2nf Hcos(2rf,c)dtds. |

ITO fTo N, 0 (-G )cos(27f t)cos(27f G )dtd
2

T 2
= N[, cos@nfnd = N,
2 4

[2.29]

ar J o~ o a o 4
@unad Norz muaiinafumdavssdyanasunau lnfimdGouniouneiia.
mafﬁm’h (lower correlator) fin

ar [bg) = (N.T,)/ 4

[2.30]
npeumsmat 5114
\/ 2
) P,=P, = 12.efc VAT, / 2N, [231)

1 s o s ar 2 ar
funmdgdnye fio T, = 2T, wdwvesdynnuAe E, = AT, uazndeau
a 2 v &

in fis E, = AT, auiumld

P,=P,_ = 12 efe NE, / 2N, = 12 erfc\}Eb/No [2.32]
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mitouaums Iagisun BPSK FianuursuiuvsinnuRanmavedssuy
Tndisud BpsK  amuinsiuvesdydovaiifanmaiiniesiy Qpsk iy 2 om

A o P a '@
YOUATDNITU BPSK ﬂlﬂuﬂﬂizﬂﬂﬂu -
Pogesky = erfe VE, /N, [2.33]

amhezduvesdinfanmavossvainsdldalussuy QPSK = 12 veenuun
a a sela
willuveadydnyainAanma
Py = 12 erfc N E, /N, [2.34]
} 4 v

P, fluaussouzvesssuy OK-QPSK uay DEQPSK Wugiuimaaniusznin
TuduIadisuyi QPSK way OK-QPSK lagsriimiasves QPSK lifidauvesdawun

- o P & ) @ o o
poviandad (3Uh 27 waz 2.8) WesannYesdyyMBUMIazAI9AATIIBT BPSK

o 14” ar Qy ) a 1 aa gt o
Muoss IsInueanaz Tudumsuanlaetivas . mamindudamunamdluszuy  OK-

¥
QpPsk liiinadoaussouzvsalu@uIndisuin QPSK duniu P, vealmAy OK-QPSK

A
fio
Prokqesxy = 1/2 erfe \/ E, /N, [2.35]

ﬁummamdmwﬂwagﬁhﬁﬂwmﬂmﬁauﬁusxuu QPSK (faums 2.33)
o o - o ia Q- 1 o
dodiia  aussouzmanguivesluduidaseaindyausunusenindydnyel
[ -~ @ W Aa @ r'd ¢ o a )
Fudnvuzi@nsususzvuiiidyanasuniulnimddFoununsadu
g/ s o o o A o o
suumsnsHauuainesisunissalagisun QPSK (DEQPSK) vUIUNIT00A
ar ] (Y3 d' b 4’ [ a s o
saeg luglnuuvesdygpuitadedulm  aAmianaavesmsoeasiagudsurianes
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1 4 v
dudu p, WluaussouzvesTuidy DEQPSK MudsWeauuuinsdlda Ao

P.oegesky = 2Peqesy = erfc Y E, /N, [2.36]
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2.3 ‘nq’df]lﬂﬁﬁaﬂqﬂ (Phase Lock Loop ; PLL)
2eesivadengihlszneudivaesisuivune 2395 @T 29TVW HATNeI
. HaRnWONIUAU TABNIIAU (Voltage Control Oscillator ; VCO) aiilueToy (LOOP)

sty estloundunia q Tl @gun 2.21)

Ve(t)

@ ¥ . < 1 o
e vig—— | 2esuSsumoula WITHIUM

3

Vo(t) Vd(t)

VCO

[ ¥
st 221 eesfugmveuraaongy

aesiffoudiounda Ao ~sesiiussdussaithnlfnndunadiszniaa

foyaaudeesdyanny rvsioeiiussguirdygnudh v Tannd o, uazle 6,

v. = V,sin (@ t + 8,) [2.38]
uardyguesnn VCo i o, woula 6,

vy = Vycos (@t + 6) [2.39]
gilou v, uaz v, WhitnesnBoudiounla 9z14dygnufie

v.(t) = K _vv, [2.40]
Buslieslomounid 20, Segndrsalasesriui 1218

v, = K, vv, / 2 sin (6, - 8;) [2.41]

mi o
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winlikadn 0. - 9, fiawdes q ezld
v, = K, (8, - 8) [2.42]

Tao K, Susunuvoaradmameifvinadii v /rd uazlunsdfiliszuudly

a v = o o 4 & a
mzﬁ'wﬂilz'1ﬂmmnﬁ'1uaanmﬂ'ms VCO MIUgUUUIDANNANNIFHINANAD

Ao = KV [2.43]

o C

Tao v, dunsedudmudrveses
K, duunuves veo Hvnaidly rad /v

¥ ]
Fuiunnuaduesnvel VCO fie
f =0 + Ao = o, + K)V, [2.44]

o o

Taoh ¢ Slunmiasase Eree Ruing) ¥89 VCO tazmnanudidumioyius
vouradivutunamiedwouldidy
Ao = dB, / dt = KV [2.45]

o ¢

wSaWuumadeanvesgy 14N
0, & = I, Awdt (2.46]

-] ° a
nsdiluszuunladengy  dvhmsdinneidanimamsudedn  aunsouan

adueenldh

8, &) = KV, /S [2.47]
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PAINLUBYVIADAUIINWIT ﬂlﬂﬂu“i‘]uﬂlﬂﬂiﬂ\’ﬂwu 1%?\3

8, () 1 8(S) = KK, (F(S) /S) [2.48]

1+ K X, (F(©S) /S)

as d’ Sjas yﬂ s o P
UIAU v, u%z'lﬂmmﬂmwuaﬂ‘m UUTIAUATUANAIIUOYO VvCO cxiﬂumi

b

p-}

waudnd msauauiiesiinalddyana v, 9 Veo Irnuaasefudygaudiudh
v, navdhdasunovesgiiithgs v, erdifdwazile o, Ay o, wlimlndifivaiu
. ° o a 1 1 4 1ot o
mamhmuvenaaadenglannsoeiineldedunsn q fe e hilidygnadh
@) usauv, uazv, @dugu veo) wllugud veo srfutiadygunmd
& 1 aa 4 1 @ Y a P ! a
wita§onhnuidase £, Welddyanaudh v, il £ &£ awen £, 00 Fygw
v, Safiawdohiy £, - £ seliensoduasesiud usedu v, Wldaugu veo
o o [ o a - ' o Ty
wdnadiugud woz veo Swehawudinmd f, wazdmeh g Tihidwnn
nmin ufe
A 1 &y 4 Y Y '
Ifi - 00| <Afp (2Afp) VYD NYNAUUT UMD pull - in range AYYIWU v, sriidnyae 1y
' 4 o s v e o ' a1 dy [ t
annas nanfelondsznen iasalimiiugud v, w2y q MU HaTMaInNY R
- o 1 =2 9 . . = & ' [V 1
wikGuni namudn (pull - in time) AN £, ddew 9 udsaldii £ wwanen
+ »
dea £ idins |f - £, | = Af 4f,) TiFedanimiunie capure range Dumeuil

9 1t 1 g o ar =} t a -1 o o
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sthatunduuiy waidgmiu veo Tavimldanwd £, Wwlfmadumsiowunn
da v A
ANUDBATE Wufle
0, - 0y = Ky, (2:49]
Tasii k, Sonharwlves veo fimizudiu (ad / sec) / V
[ o o i1 4
M3 18 (acquisition) FemsAenenldITaci
(n) o . vazwie aawdves veo anemanwidvud £ desnnn Af, ez
Ramrdenatesiundu Gond “iRAMsIL (capture)”
2 = ' d' ¥ ' 1y
(v) o vaznils anudves veo awmnanmdvudl £ wnnh A, udviey
A Af, AMNBYBY VCO ARy 4 deudimanad £ Sondh “iRansdad (pull
-in)”
1 2 Y a4 M2 Y qV a a A
() uendunmaudmislunsdidudildnanunuldoifusesiieniungu
TWaniEues VCo ama (sweep) vosall Fszmiugnmsduuasnsiudh visorwiy
TS NUNATINE (Frequency discriminator) #9921§u VCO Whdraanstu 1dedns

d
3730137

Vo dc component in phase detector

- TeeRc

=t o 9/ -] =4 'd
5 223 quauiidloufwvoseutenaamanes

deiRamsfeauddanudvesdyanuuls awaves veo  sutlsanly
ZauRonh RAMIAWIes (macking) AINAYEY VCO wwemnsamwsesannd £ 14
avwlafl | £ £, | = Af, A%, e 92neR1% %30 hold - in rang VARG
PN TNTOUYIIA0N)

apludaditunioannud £ s ldmsdounlasves v, @naugu vCo uaz

dulgnedy ¢, - £,,)  Awaaslugl 2.23
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Sudatinasgu Taolassadedmivmsduaneianuduaaalddegy 224

fr PD LPF VCO —*fo

fo/N

1/N

P> b4 =3 Q s s Ls E
s 224 wamelnssadunladengudmivasdunnzianug

gl daufdudi iinnTassaduvewiadengditldaaninudane 2w

9 as A o d'ci d' o s ]
N N Teodh £ dudaanadusdiinnuiiiaaiiuda awdtieminnyes VCo amm

r

v
a

AUNAVBINTNEENBY (Freqomey reference : fr) Auiu§ UM N wiediould

3

f = f*N [2.50]

wiondnldhnuidinm ¢ £, witluinnunvenuadegs) Anuanilou
Adusnees Voo hmafuuivuiuauadesifiiadmawmes D) misdae
o 8 v P - o o & Py o
Swou N Ihduanudswss  dmsummnuesledduves PLL  #illaesmslu

antloundu@ounsulesNanau1dfe

8,(S) = KK, (F() /5)

6, (S) 1 + KK, ,(F(s) /NS) [2.51]
Fmiunsmumesilatduvesquia 4 Jou'ld

f = G(s)

(]

1 + G(s) H(s) [2.52]
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Ge) = efdsainu (forword gain)
H() = inutloundy (feedback gain) -
G (s)H(s) = Lﬂ‘u_f_iﬂﬂﬂ (open loop gain)

9/ ad &
NNAUMT 2.52 li"!'lﬂﬂﬂil'liﬂlﬂuﬂﬂ

G(s) = KXKFG@)
S [2.53]

wazinuvesgidlavewladengilfo

G(s) H(s) = KJK[F(s)
S * N [2.54]

o W o 7 P oo 4 v

ﬂ"mi‘lﬂuﬂ'\Sﬂ’ﬂlﬂi‘la‘!ﬂﬂ']'lllﬂ’l\‘ﬁliﬂiﬂﬂﬂ']’mﬂﬂ'l (LPF) 111@1.]%3Lﬁ'€)ﬂ1%1~1%7ﬂ‘50~1
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u‘UiJlli)ﬂﬂ'N DINANNTSUTOUNNUDY Ylﬂﬂﬂ'lﬂ')’]llﬂﬂW’mﬂiuaﬂ'\'Jzﬂﬂl.wﬂﬂlﬂﬁﬂmﬂ

mesnivnianios unuadluaumsi 241 wld

= KK(ST, + 1)/ T,

5,
- 2
0, S +SKK,T, + KK,

NT, NT, [2.55]

] L 4
¢1danudsssumavesguuazsuauiunlamesfe

® [2.56]
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Principie: of the diect digital synthesiser. A frequency control nuimber
is added into the phase accumul; for an every clock cycle. The most significant tnts
of tha nccumuln{or adedross a sine lock- -up (able in ROM or RAM. The output of this
is passed to a DAC, whose output is a stepwise approximation to a sinewave.
Lowpass filtering- oxerts a flywheel effect, smoothing the waveform and
suppressing harmonics
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The rest of the rud:menrary DOS. Alter G4 clock cycles, one complete
cycle of (stepwisel sinewave has been delivered from the DAC, dwelling for erght
clock periods at each stop. In practice, an 8 bit Iatch would probably be interposed
in the line between the ROM and the DAC, loaded by the other edge of the clack
waveform from that which increments the accumulator This would benefit very
high speed operation, by proventing any glitches, as the BROM output settles, from
reaching the DAC
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8-PSK produced by the Q2334 DDS chip operating at 4096 baud
(12.288 kbit/s). (a} Spectrum; (bl waveform showing phase changes modulo 45°,
(c) time exposure showing all eight phases
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8.3 BCD-analog converter
] y

Fyorudumiidouldiy Mc 1408 1 hidulludeutiusfmavguaeced

@7 masasves DAC awwsanld Mc 1408 ndeuswa BCD wwne 2 wén A
a @ ar o 1
Fudunmvearses nmodudygranssduesinfenmudmnld gt 311 uamg
5 o o =
2993 DAC Seermnsoutassa Bep MWiludygraesinden|d
t 4 []

srdunaldi 4 dndnvewdar DAC winiufignidsudyaw BCD dw 4

14 v
fnuutiugndeainsa lddyae  TTL fudunnveasesen ldmnen ey
BCD vionesluunila q 714 wimfvddyqeqaues DAC szdeluduseiueuillag
asadiynnudnididyiigates DaC gansdan 10 Tagyaveadadiumu wazih
Tihnfudyanunnudmisiidygge tefiezadnussdudwiynlildnn o suds 10
T swesadmmudloundy R, oyl MenBounassevewssdudm
wnlfldan o 1 10 Taad

a Y s r'd (] P= Y Y a

suwn BcD @i oo exldussdu 0 Taasivenin IuiReINU NBUKN BCD
v ¥ T ¥ [
sy so usadudnimdviudu s Toad uazdduvmdlu 99 usadudmymitld

4 [} a dyd =) : t ﬂ’l’ -
seilu 10 Thavimszansvesduwnluasesiifities 100 duminiu (00 D1 99 )
o o Y o = = s vy & =
Fygmozdenmadwimezn/founn o 84 10 Taan Idmelu 100 du unuiiez
¥

Sy 256 44 milounAduuiin BCD-to-analog converter vzlinmsgayfudrnunimazidun

Yo o {1 4 o a u ,
Tt uatiufsideafiuaule WwedyanadunnilusWauuudu

e



-50 -

unii 4

HANNTUDINATL

41 m3fdasluddyanamaiu (Receiver Synchronization)
ﬁﬂﬂlﬂfﬂ.ﬁﬂi ( Coherent Synchronization : Phase - Locked Loops)
ar o s Y 4 o A = o
W ledfyrerssadains ludidufie mladengd PLL) vdenlaszunsnyes
A o @ a s
PLL nuuugniuanalddazy 41 PLL duwesTs - asulning asumingumsiines
lavesmaduiladygnunely Willullawdyguuadeifudun pLL dsznoudae
U o =] =t o 4 4 a o
3 dawuddy Ao afmames gitames  uasTimvinvasuInsaseadamines (VCO)
) o (d' 9 1 3 1 o oo 9 o as a a ay
aRimameiugunssldldmaruaaiasenindyanaisuunaudygrunsaaiy
as Ao 9 o  ar a a 4?‘ o o Ao o do ]
Fyuidudndudygraintay - ssimsndsunladiidniuing. anuuanam
wande  wlaeasedendiudyyeinulmagiflames  guitawmeieznuquismleud
a - s (dy édz 9/ o
w94 PLL wdswnlasnndynnaueeisesit  nmsesnuvuginftiuaes  aunsoaaay
(Track)  msilGoustadlumavesdyguiiudwn1d uagee luilismloudnniaousy
as s 9 9/ e A W o A o dy A
Fuguuosddundis veo ifluglnsandadyanuuasoianiuiuin vco e
- oo a ar ¢ o d' ar v aa
soagamed fuiladuya land fignauguarwudlavszavusiunduna lugld 4.1 ola-
amamesumauiududnualod Miioes  gflamesiaadldlasiladduduiadisaloud

£(t) w30 WiSonsmanesy Fo)

Phase Loop
detector filter
£ QK=o 1
F(o)
x(t
VCO | y(@®)

Voltage - controlled oscillator

Schematic of the basic phase-locked loop

JUR 41



-51-

= oLed - ) aa du @
veo dSussadammeiiinanud op dluilddunvvddisifudyaga 1P lao
° ] P @ a ° £ a d'd'd 1 d'v ]
Anuasgluszoznii usasudunailuuanssinld veo naanuditinnnm vzl
- o a ° 9 o o o 4? ’
ALY (@) °1uw:mmﬂuauvgmﬂuamsmlummnwlﬁ-aam:mmuhumsﬂaum

‘Y o ' ) { o :

vinilaeaisasiruRamessewindyanuiisudin ro uag of Y83 VCO [x(0)] tou

ndulnBunaazdunaves vco fe y()

finsanaumueialsdvesdyana 1P 14

r(t) = sin [0t +0(t)] [4.1]

laoh o, duanudunss uaz 6 Huiaidsundas lduagorsaaunis

wwna uedalsdves veo 14
X(t) = 2cos [0t +8'(V)] [4.2]
& o = J 4 o A
i op vounaAmameiiuaunsiomyaeereT Ao

e(t) = X(Dr(t) = 2cos [Oyt +0'(M)] sin [@yt +O(1)]
= sin [O(t) - 9] + sin [2oqt + B+ 8'(] [4.3]

dmualiguflamesitluiuy LOWPASS Mtivoudt 2 vesauns (4.3) moldns
° J dyﬂ L ad o 9 o
fmuailawesuiuy Lowpass difunsdilndfldlunsesnuuugy LPF ivdygm
poisofifuilaisu vourafiuananssneBune @uas 4.1) fulewina VCO (aums

" A [} 1t o & ¢ o 5
42) Susfiniueuniudves Foyanaeeised Adesnsluszuuaiwd oP  ves VCO
do o Jw o o sa 4 7 P Y

Susunafiduiusiy ofuoyiud) orftaud vestandulantluaums @2) tus
° aele 3 i A [ o
famua o, Huarwdndslildaruguues veo @awd Op wensnu IP dlugud) 15192
FMAAnARYBInIND OF VCO 0 o, afuanuuandusInuaIvB AN
, - i‘_l an du du o a & v a ﬂ sc
o' AWd O vad veo iuditios Handu voasauouya Wansrusunaiuguon
swAnnNE o, Jwnnndannudsziiudanduiuinnussdubuna yo nie

Aoty = d [9'(M) 1=Ky®
dt
= KB0)*(®

= K, [00-0'®]* £ [4.4]



-52-

Taof Ao o Susnuuandavesawd wieamny * 1y convolution operation
Tandsanuszmiuiiud op veulaesseiunufiaamglnd winmed k, Ao
inuves VCo az £t Hugiflamesduiadismloud aunmsamuandanadiiioi e’
Fun linearized loop equation fuaAsndRUTluMIAMUAdnyuzvBIglsznIems

3 a =4 -
Maulna (psdlitaauaesiseIiAIBY)

4.2 Suppressed Carrier loops
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V() = m (1) sin (0t +0) [4.10]
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2 2
V() = m®sin (ot+0)

= 0.5m(t) [ l-cos Qo +20)) ] [4.11]
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11

Sin (@t + 45°)

01 = Sin(@t + 135°)

00 =Sin (@t + 225°)

10 =Sin (@t + 315°)

(135 %) (45°)
01 ® Y 11
00 o ol
(225°%) (315°)
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DB 128,128,129,129,130,130,130,131,131,131
DB 132,132,133,133,133,134,134,135,135,135
DB 136,136,137,137,137,138,138,139,139,139
DB 140,140,140,141,141,142,142,142,143,143
DB 144,144,144,145,145,146,146,146,147,147
DB 147,148,148,149,149,149,150,150,151,151
DB 151,152,152,152,153,153,154,154,154,155
DB 155,156,156,156,157,157,157,158,158,159
DB 159,159,160,160,160,161,161,162,162,162
DB 163,163,163,164,164,165,165,165,166,166
DB 166,167,167,168,168,168,169,169,169,170
DB 170,171,171,171,172,172,172,173,173,173
DB 174,174,175,175,175,176,176,176,177,177
DB 177,178,178,179,179,179,180,180,180,181
DB 181,181,182,182,182,183,183,184,184,184
DB 185,185,185,186,186,186,187,187,187,188
DB 188,188,189,189,189,150,190,190,191,191



-72 -

DB 192,192,192,193,193,193,194,194,194,195
DB 195,195,196,196,196,197,197,197,198,198
DB 198,198,199,199,199,200,200,200,201,201
DB 201,202,202,202,203,203,203,204,204,204
DB 205,205,205,205,206,206,206,207,207,207
DB 208,208,208,209,209,209,209,210,210,210
DB 211,211,211,212,212,212,212,213,213,213
DB 214,214,214,214,215,215,215,216,216,216
DB 216,217,217,217,218,218,218,218,219,219
DB 219,220,220,220,220,221,221,221,221,222
DB 222,222,222,223,223,223,224,224,224,224
DB 225,225,225,225,226,226,226,226,227,227
DB 227,227,228,228,228,228,228,229,229,229
DB 229,230,230,230,230,231,231,231,231,232
DB 232,232,232,232,233,233,233,233,234,234
DB 234,234,234,235,235,235,235,235,236,236
DB 236,236,237,237,237,237,237,238,238,238
DB 238,238,239,239,239,239,239,239,240,240
DB 240,240,240;241,241,241,241,241,242,242
DB 242,242,242,242,243,243,243,243,243,243
DB 244,244,244,244, 244 244,245,245,245,245
DB 245,245,245,246,246,246,246,246,246,247
DB 247,247,247,247,247,247,247,248,2438,2438
DB 248,248,248,248,249,249,249,249,249,249
DB 249,249,250,250,250,250,250,250,250,250
DB 250,251,251,251,251,251,251,251,251,251
DB 251,252,252,252,252,252,252,252,252,252
DB 252,252,253,253,253,253,253,253,253,253
DB 253,253,253,253,253,254,254,254,254,254
DB 254,254,254,254,254,254,254,254,254,254
DB 254,254,255,255,255,255,255,255,255,255
DB 255,255,255,255,255,255,255,255,255,255
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DB 255,255,255,255,255,255,255,255,255,255
DB 255,255,255,255,255,255,255,255,255,255
DB 255,255,255,255,255,255,255,255,255,255
DB 255,255,255,255,255,255,255,255,255,255
DB 255,255,255,255,255,255,255,255,255,255
DB 255,255,255,255,255,255,255,255,255,255
DB 255,255,254,254,254,254,254,254,254,254
DB 254,254,254,254,254,254,254,254,254,254
DB 253,253,253,253,253,253,253,253,253,253
DB 253,253,253,252,252,252,252,252,252,252
DB 252,252,252,252,251,251,251,251,251,251
DB 251,251,251,251,250,250,250,250,250,250
DB 250,250,249,249,249,249,249,249,249,249
DB 248,248,248,248,248,248,248,248,247,247
DB 247,247,247,247,247,246,246,246,246,246
DB 246,246,245,245,245,245,245,245,244,244
DB 244,244,244,244,244,243,243,243,243,243
DB 243,242,242,242,242,242,241,241,241,241
DB 241,241,240,240,240,240,240,239,239,239
Dé 239,239,238,238,238,238,238,237,237,237
DB 237,237,236,236,236,236,236,235,235,235
DB 235,235,234,234,234,234,233,233,233,233
DB 233,232,232,232,232,231,231,231,231,231
DB 230,230,230,230,229,229,229,229,228,228
DB 228,228,227,227,227,227,226,226,226,226
DB 225,225,225,225,224,224,224,224,223,223
DB 223,223;222,222,222,222,221 ,221,221,221
DB 220,220,220,219,219,219,219,218,218,218
DB 217,217,217,217,216,216,216,216,215,215
DB 215,214,214,214,214,213,213,213,212,212
DB 212,211,211,211,211,210,210,210,209,209

DB 209,208,208,208,208,207,207,207,206,206
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DB 206,205,205,205,204,204,204,204,203,203
DB 203,202,202,202,201,201,201,200,200,200
DB 199,199,199,198,198,198,197,197,197,196
DB 196,196,195,195,195,194,194,194,193,193
DB 193,192,192,192,191,191,191,190,190,190
DB 189,189,189,188,188,188,187,187,187,186
DB 186,186,185,185,184,184,184,183,183,183
DB 182,182,182,181,181,181,180,180,180,179
DB 179,178,178,178,177,177,177,176,176,176
DB 175,175,174,174,174,173,173,173,172,172
DB 172,171,171,170,170,170,169,169,169,168
DB 168,167,167,167,166,166,166,165,165,164
DB 164,164,163,163,163,162,162,161,161,161
DB 160,160,160,159,159,158,158,158,157,157
DB 157,156,156,155,155,155,154,154,153,153
DB 153,152,152,152,151,151,150,150,150,149
DB 149,148,148,148,147,147,147,146,146,145
DB 145,145,144,144,143,143,143,142,142,141
DB 141,141,140,140,140,139,139,138,138,138
DB 137,137,136,136,136,135,135,134,134,134
DB 133,133,133,132,132,131,131,131,130,130
DB 129,129,129,128,128,127,127,127,126,126
DB 125,125,125,124,124,124,123,123,122,122
DB 122,121,121,120,120,120,119,119,118,118
DB 118,117,117,116,116,116,115,115,115,114
DB 114,113,113,113,112,112,111,111,111,110
DB 110,110,109,109,108,108,108,107,107,106
DB 106,106,105,105,104,104,104,103,103,103
DB 102,102,101,101,101,100,100,100,99,99
DB 98,98,98,97,97,96,96,96,95,95

DB 95,94,94,93,93,93,92,92,92,91

DB 91,90,90,90,89,89,89,88,88,87



DB 87,87,86,86,86,85,85,85,84,84
DB 83,83,83,82,82,82,81,81,80,30
DB 80,79,79,79,78,78,78,77,77,77
DB 76,76,75,75,75,74,74,74,73,73
DB 73,72,72,72,71,71,70,70,70,69
DB 69,69,68,68,68,67,67,67,66,66
DB 66,65,65,65,64,64,64,63,63,63
DB 62,62,62,61,61,61,60,60,60,59
DB 59,59,58,58,58,57,57,57,56,56
DB 56,55,55,55,54,54,54,53,53,53
DB 53,52,52,52,51,51,51,50,50,50
DB 49,49,49,48,48,48,48,47,47,47
DB 46,46,46,45,45,45,45,44,44.44
DB 43,43,43,43,42,42,42,41,41,41
DB 40,40,40,40,39,39,39,39,38,38
DB 38,37,37,37,37,36,36,36,36,35
DB 35,35,34,34,34,34,33,33,33,33
DB 32,32,32,32,31,31,31,31,30,30
DB 30,30,29,29,29,29,28,28,28,28
DB 27,27,27,27,26,26,26,26,25,25
DB 25,25,25,24,24,24,24,23,23,23
DB 23,23,22,22,22,22,21,21,21,21
DB 21,20,20,20,20,20,19,19,19,19
DB 19,18,18,18,18,18,17,17,17,17
DB 17,16,16,16,16,16,15,15,15,15
DB 15,15,14,14,14,14,14,13,13,13
DB 13,13,13,12,12,12,12,12,12,11
DB 11,11,11,11,11,11,10,10,10,10
DB 10,10,10,9,9,9,9,9,9,9

DB 8,8,8,8,8,8,8,7,7,7

DB 7,7,7,7,7,6,6,6,6,6

DB 6,6,6,6,5,5,5,5,5,5
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DB 5.5,5,5,4,4,4,4,4,4
DB 4,4,4,4,4,3,3,3,3,3 -
DB 3,3,3,3,3,3,3,3,2.2
DB 2.2.2,2,2,2,2,2,2,2
DB 2,2,2,2,1,1,1,1,1,1
DB 1,1,1,1,1,1,1,1,1,1
DB 1,1,1,1,1,1,1,1,1,1
DB 1,1,1,1,1,1,1,1,0,0
DB 0,0,0,0,0,0,0,0,0,0
DB 0,0,0,0,1,1,1,1,1,1
DB 1,1,1,1,1,1,1,1,1,1
DB 1,1,1,1,1,1,1,1,1,1

DB 1,1,1,1,1,1,1,1,2,2

,,,,,,,,,

DB 2,2,2,3,3,3,3,3,3,3

DB 3,3,3,3,3,3,4,4,4,4

DB 4,4,4,4,444,5,5,5

DB 5,5,5,5,5,5,5,6,6,6

DB 6,6,6,6,6,6,7,7,7,7

DB 7,7,7,7,8,8,8,8,8,8

DB 8,9,9,9,9,9,9,9,10,10

DB 10,10,10,10,10,11,11,11,11,11
DB 11,11,12,12,12,12,12,12,13,13
DB 13,13,13,13,14,14,14,14,14,15
DB 15,15,15,15,15,16,16,16,16,16
DB 17,17,17,17,17,18,18,18,18,18
DB 19,19,19,19,19,20,20,20,20,20
DB 21,21,21,21,21,22,22,22,22,23
DB 23,23,23,23,24,24,24,24,25,25
DB 25,25,25,26,26,26,26,27,27,27
DB 27,28,28,28,28,29,29,29,29,30

DB 30,30,30,31,31,31,31,32,32,32

-76 -
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DB 32,33,33,33,33,34,34,34,34,35

DB 35,35,36,36,36,36,37,37,37,37

DB 38,38,38,39,39,39,39,40,40,40

DB 40,41,41,41,42,42,42,43,43,43

DB 43,44,44,44,45,45,45,45,46,46

DB 46,47,47,47,48,48,48,48,49,49

DB 49,50,50,50,51,51,51,52,52,52

DB 53,53,53,53,54,54,54,55,55,55

DB 56,56,56,57,57,57,58,58,58,59

DB 59,59,60,60,60,61,61,61,62,62

DB 62,63,63,63,64,64,64,65,65,65

DB D66,66,66,67,67,67,68,68,68,69

DB 69,69,70,70,71,71,71,72,72,72

DB 73,73,74,74,74,75,75,75,76,76

DB 77,77,77,78,78,78,79,79,79,80

DB $0,80,81,81,82,82,82,83,83,83

DB 84,84,85,85,85,86,86,86,87,87

DB 87,88,88,89,89,89,90,90,90,91

DB 91,92,92,92,93,93,93,94,94,95

DB 95,95,96,96,96,97,97,98,98,98

DB 99,99,100,100,100,101,101,101,102,102
DB 103,103,103,104,104,104,105,105,106,106
DB 106,107,107,108,108,108,109,109,110,110
DB 110,111,111,111,112,112,113,113,113,114
DB 114,115,115,115,116,116,116,117,117,118
DB 118,118,119,119,120,120,120,121,121,122
DB 122,122,123,123,124,124,124,125,125,125
DB 126,126,126,127,127,127,128,128
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msfimuadwmislumsiudeyaamisnnuiiviasey

AU doya

0 - 2047 00
2048 - 4095 01
4096 - 6143 10
6144 - 8192 11

3N paasdumianssateyalumiisanud

nndnyaztoyaiimuaiiuduavgudy Taolidnnoeaiaen (peak to peak)

] o
dygrada 256 M1 (0 - 255) naveyan It mualdimue hlfdudeyamugu 2
udnh iy Blumiagaiust Tasdmuaduminsudu suveadoyaiidun Fuiluds

fnuafIduIdAYNIAINGY (MSB)

ar '

aretnTsunsumet Joyadyau Sine 2048
# include (stdio .h)

# include (math .h)

# include (process .h)

# define TOPI 6.285714

main ()
{

float a,b,c,d;

int ef;

FILE *fp;
if ( (fp = fopen ( datgen”, “W™) ) = =NULL) {

- printf (“cannot open file \n");

exit (1) ;
}
for (a = 0.00000 ; a < TOPI ; a + = 0.003069)

{
b =(10 *sin (a) ) + 10;
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¢ = b/0.078431;
e = b/0.078431;
d =c-e;
if (d > 0.04)
f = e+l;
else
f=e;
fprintf (fp, DB % d\a , £ );
}
fclose (fp) ;
!
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dieudaadiumyguasving 13 n 9214 0000000000000 - 0011111111111
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00 0000000000000 - 0011111111111
01 0100000000000 - 0111111111111
10 1000000000060 - 1011111111111
11 - | 1100000000000 = 1111111111111
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as ] o : o d v oy ¥ 9/ o Yo Y
ayuYIU A9 2048 9 ATUUNANUIGIVBYD 4800 UN %zﬂaﬂ‘nmmnﬂaﬂnnun’muu

uuuluuns 4040 AW 9.837 MHz

Sk/RL

5k lo 4
Veet=Sv, O——/\/\/\/— \ -

DAC 0800 LM 741C

Eo

Sk

Sk/RL

if RL=T{—L_ within + 0.05 % , output is symmetrical about ground

O] a9 9/ v
nngiielo® Midnrudeyamuaisn

Bl B2 B3 B4 BS B6 B7 BS Ef
Pos.Full Scale L\ 1 |\ 1 1 1 +9.920
Pos.Full Scale - LSB 1 1 T 1 1 1 1 0 + 9.840
( +) Zero Scale 1 0 0 0 ‘ 0 0 0 O + 0.040
( - ) Zero Scale 0 I 1 s | 1 1 I - 0.040
Neg.Full Scale + LSB 6 0 0 0 0 o0 0 1 - 9.840
NegFull Scale 60 0 O 0 0 0 0 o - 9.920

Symmetrical Offset Binary Operation

U 59 2msmlasdygudtaeaueinden
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— | DEMODULATOR INTEGRATE & DUMP

I/P —*| BPF [T| CARRIER SHIFT[7 CLOCK - P/S [ OF

RECOVERY| PHASE RECOVERY|

h

DEMODULATOR INTEGRATE & DUMP

P o as
11 6.1 vdenlassuninnesmasy
e

8.1 290INTBIRNUIMIULY
'l ' bd 4 i é )
lunmsaseanuaiu@riwim @rE Humsdmualidwanudlasnudniieu
4 . ™" £a A r 2 oy )
Famnsofmuanouaudlannaawidl ) bty ¢ #1997 Positive

Feedback band - pass filter

_W——W
L
i
Cl R8
R1 1.“ 00pF g 200K
200K f L AA—d

zﬂ‘?l 6.2 UAIIVT Positive - feedback band - pass filter
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1495nTRaUATNAR Y 11veen 4 2 ¥iia AD Wide Band - pass filter a2 Narrow
Band - pass filter ATMUARAIIEYA Quality Factor (@ famns Q Tanfesnd 10 weilu
Wide Band fam1n Q fiawnnnt 10 iy Narow Band flwes Q eeifinamduiusiu

o g I d ol 9 ]
ANUAUATUUUAINA (Bw) ATUMIYNAN

Q = f./Bw = fo/(fy-£)

f. =/fafL

4 4 d
f, = AW Cut off AW
o 4 43
f, = AMUD Cutoff NANOM
SrTumIoenuUuIEvTIIMuARNNEAABIMS AMuam Q = 40 BW =

0.025 fo laz nU = 4 Fumoulumsesnuuuiiaedl

1 denmanhdines naramdnaoInsBand pass filter 92 1AM K parameter
wngUfi 6.3

2y ¥ k fimldnnde ) mmmanudumusia q

3) densanudnmuldasmns i idiasinsaiinees

SINMITOONILLINTATBIRN MBI 48 kHz Fonldmmihdimesihiy 100
pF 9ns 18 R, whu 200 Kohm , R, Wi 58 Kohm , R, Wy 70 Kohm

uaz R, 1MAu 130 Kohm

-
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General Description

The CD4046B rmucronower phase-lockad loop (PLL) con-
sists of a bw power, linear, voltage-controlled osallator
(VCO), a source follower, a zener diode. and two phase
comparators. The two ghase comparators have a common
signal input and a common comparaior input. The signal
inpul can be directly cowplea for a large voltage signal, or
capaafively coupied to the self-biasing amplitier at the sig-
nal input for a small voltags signal

Fhase comparator |, an exclusive OR gate, provides a digital
error signal (ghase comp. | Oul) and maintains S0° phase
shiffs at the VCO center frequency. Between signal input
and comparator input (both at 50% duty cycle), i may lock

National Semiconductor

CD4046BM/CD4046BC Micropower Phase-Locked Loop

Novermber 1995

The INHIBIT input, when high, disabias the VCO and sawvce
{ollower to runimze standby power consumption, The zener
diode is provided for power sucply regulation, it necessary.

Features
u Wioce supply voltage range 3.0V 10 18V
W Low dynamic 70 uW {typ.) at

fo — 10 kHz, Vpo — 5Y
1.3 MHz {typ.) at Voo — 10V
0.08%/°C at Vag — 10V

power consumption
® VCO frequency
8 Low frequency dnitt
with temperature

doo paxoo-aseyd Jamodolo| DE9YOrAD/WESYOYAD

$51855 Natoral Sameonceaor Goloerxon. TL/RS668

n fe
cnto the signal input frequanaies that are close to harmon- W T eRL ity 1% {yp)
ics of tha VCG center fraquency. Applications
Phase comparator |1 15 an sdge-controlled digital memory '?p d
network. 1t prowides a digital error signal (phase comp. I % FM cemodulator and moduator
Out) and lock-in signal (chase pulses) to indicate a locked @ Freauency synthesis ang muitipkcation
condition and mamntains a 0° phase shit between signal m- ™ Frequency discriminanon
put and comgarator masut. & Dala synchromization and conditioning
The linear voltage-comroflec oscillator (VCO) produces an 3 Voltage-to-frequency conversion
output signal (VOO Out) whose frequency is determined by 8 Tone dacoding
the vottage at the VGO, inpint, and the capaciior and resis- @ FSK modutation
tors connected 1o pin Cla, Clg, R1 and R2. | Motor speed control
The source tollower output of the VCO (demodutator Out i
1s used with an exismal resistor of 10 kf or more.

Block & Connection Diagrams
{4 13 Y
" Vpg
14 1
PHASE
§ 7 ey Duakin-Line Package
TOMPARRTGR r PHASE COMP I BUT
a2 -’D—‘ z PHASE PULSES —] U 1S veo
E Y s PHASE COmtP i CuT —T' 'E‘ IENER
I LI s
A ::nm:s:ron , PHASE CoNPiauT CIKPARATER IN — F2 semaein
L} Py PUASE PULSES VﬁDOU"‘_‘- -‘lpﬁ.j[ comn T
orne =2 2 o
(479 —‘ "l'— n
1 ”
. iy — = CEMOOSLINA qUT
- I ves —H 3 venn
- sounce | s 07 TS
FOLLEWER Top View
I I Order Number CD4046B
| 2 hi1
5 8 :
vig EmER
TLIF/5968-1
FIGURE 1
RRO-BXM Sy nu S A,



Absolute Maximum Ratings mows182)

H Miiitary/Aerospace speciiied devices are required,
please contact the National Semiconductar Sales
Otilce/Distributors {or availatility and spectlications.

DC Supply Vottage (Vpp) —~0.5t0 F18Vpg

input Voltags (Vin)
Sterage Temperature Range (Ts)
Power Dissipation (Pp)

DuatIn-Line
Small Outline

Lead Temperaturs (T}

(Soldering, 10 seconds)

~0.5to Vpp F0.5 Vpo
—~85°Cto +180°C

7C0 mw
500 mwW

260°C

Recommended Operating
Conditions qote2)

DC Supply Vottage (Vpp} 3to15Vpo
Input Voltage (Vin) 0 to Vpp Voo
Operating Temperature Range (T}
CD4046BM ~55°Cto ¥125°C
CD4048BC —40°Cto F85°C

DC Electrical Characteristics coiciesm (Note 2

Symbol Parameter Conditions =1 +asc +125°C Units
Min | Max | Min Typ | Max | Min | Max
lop Quescent Device Current |Pin§ — Vpp, Pin 14 — Vpp,
Pin3,9 — Vss
Vpp — SV 5 0.005 | & 150 | pA
Vpp — 10V 10 001 | 10 300 1 pA
Vop — 15V 20 0.015 | 20 600 | nA
Fin§ — Vpp, Pin 14 —~ Open,
fin3,2 — Vgg
Vpp — SV 45 5 35 185 | nA
. Vpp — 10V 450 20 | 350 850 | pA
Vop — 18V 1200 50 Sco 180C| uA
VoL | LowLevel Output Vottage |Vpp — 5V 0.05 o |oos 0.05] V
Vop - 10V 0.05 o |00s 0051 V
5 Vpp - 15V 0.06 o |0.08 005} v
Von High Level Output Voltags { Vpp - 5V 4.95 495 5 4.86 v
Vpp - 10V 9.95 9.95 10 9.95 Y
Vpp - 18V 14.95 1495 15 1495 v
ViL Low Level Input Voltage |Vpp — 5V, Vg — 0.5Vor4.5V 1.5 2.25 1.5 1.8 v
Comparator and Signalln |Vpp ~ 10V. Vg ~ tVor 6V 3.0 45 | 30 30} v
Vpp — 15V, Vg — 1.5Vor 13.5V 4.0 6.25 | 4.0 40 | Vv
Vi High Level Input Voltage |Vpp — 5V, Vo — 0.5V or 4.5V 35 35 | 275 3.5 v
Comparator and Signaltn |Vgp —~ 10V, Vo - 1V or 8V 7.0 7.0 55 7.0 v
Vop — 16V, Vg - 1.8Vor 13.5V|~11.0 110 8.25 11.0 v
foL Low Level Outout Current Voo -~ 5V.Vp - 04V 0.64 0.51 0.88 0.26 mA
(Note 4) Vpp - 10V,Vg - 05V 1.6 1.3 | 2.25 CS mA
Vop - 18V.Vg - 1.5V 4.2 3.4 8.8 2.4 mA
1oH High Level Outeut Current {Vpp — §V. Vo - 4.8V -0.64 -0.51| ~0.88 —0.36 mA
(Note 4} Vpp — 10V, Vp - 9.5V —18 -13 | —2.25 ~Q.8 mA
Vpp - 15V, Vg — 13.5V —4.2 ~34 | -88 ~2.4 mA
Iy Input Currert All inputs Except Signal Input
Vpp — 14V, Viy —~ OV -0.1 —10-5{ —0.1 —10] pA
R Vpp — 18V, Viy — 15V 0.1 10-56 | o.1 10 | pA
Cin ‘[ Input Capacitance Any Input {Note 3} 7.5 § pF
Py Total Power Dissipation i — 10kHZ Rt - 1M -
A2 - o0, VCO ~ Ypp/2
Voo — &Y 0.07 mW
Vpp — 10V 06 mw
Vpp — 18V 2.4 mw




DC Electrical Characteristics co4osssc (vote 2)

Symbol Parameter Conditions —4re i Fase Uniis
Min | Max | Min Typ | Max | Min | Max
oo Quescent Device Curent |Pin§ — Vpp, Fin 14 — Ypp,
Fin3,9 — Vsg
Voo ~ 5V 20 0.005 | 20 150 | mA
Vpp — 10V 40 oot | 40 300 | pA
Vpop - 15V 20 0.015 { B8O 600 | zA
Pin§ — Vgp, Pin 14 — Open,
Fin3,9 — Vgg :
Vop.— 5V , 70 5 55 205 | pA
Vpp - 10V 530 20 | 410 710 | pA
Vpp — 15V 1500 §0 | 1200 1800| pA
VoL |LowLavel Qutput Vottage |Vpp ~ 5V 0.05 o |o00s 005| V
Vpp — 10V 2.05 0 005 005 V
Vpp — 15V 2.05 0 005 005 v
Vo High Level Output Voltage {Vpp ~ 5V 4.95 4.85 § 4.85 v
Vpp — 10V 9.95 9.95 10 9.95 v
Vop — 18V 14.55 14.85 15 14.95 v
A\ Low Level input Vollage  [Vpg - 5V, Vg - 0.6Vor4.5V 1.5 2.28 1.5 1.5 v
Comparator and SignatIn |[Vpp - 10V, Vg — 1V or 9V 3.0 4.5 3.0 3.0 v
Vpp — 18V.Vg — 1.5V or 13.5V 4.0 6.25 | 4.0 40 | Vv
Vi High Level input Voltage | Vpp — 5V. Vg — 0.5V or 4.5V a5 35 | 275 3.5 v
Comparator and Signatin {Vpp — 10V, Vp ~ 1V or 8V 7.0 7.0 5.5 70 v
Vop — 18V, Vo — 1.8Vor 13.8V| 110 | 11.0 8.25 11.0 v
lor Low Level Oulout Current {Vpp — 8V, Vp — 0.4V 0.582 i 0.44 | 0.88 0.26 ma
(Note 4) Vpp - 10V, Vp — 0.5V 1.3 | 1.1 2.25 0.8 mA
Voo — 15V, Vg — 1.5V 3.6 | 3.0 8.8 24 mA
Ion High Levet Quteut Current |Vop — 5V, Vg — 4.8V ~0.52! —0.44| ~0.88 -0.36 A
(Note 4) Vpp — 10V, Vg — 9.5V -13! -1.1 | 228 -0.9 mA
Vpp =~ 1§V, Vg ~ 13.5V -3.6 | -30 | —88 ~24 ma
N tnput Current All inputs Except Signal Input {
Vpo — 15V, Vin — OV ~0.3 —10-5| —0.3 ~10| pA
Voo - 15V, Viy — 15V .3 10~5 0.3 1.0 uA
Ciy input Capacitance Any incut (Note 3} 7.5 of
Pr Total Power Dissipaton |ty — 10kHZ R1 ~ 1 MO,
A2 — 0, VOO ~ Vpp/2 4
i Vop - &V 0.07 mW
Vpp — 10V - C.6 my
Vpp — 18V 2.4 mN

Hote 1:“Apsoiuta Maamum Rasngs* are these values beyond wiuch ha sarety of the de'ace c2El e guarantaed Thay are nut maant to meiy that the dewces

should be coerated at these hnts. Tha tabie of "R

operation.

ded Op ¢
9

Note Z Vgg — OV unfess oharwea soecded.
Note X Cacacrance |18 guarartsed by pencde tastng.
Nete £ ioy and loy, are 188G CNE OUIDUL at a Mg

* and

for actual dawcs

RSN

e b e o1 04 A et S

(5]



AC Electrical Characteristics® cos4ssm/coi0issc 14 — 257, CL - 50pF

Symbal [ Parameter Conditions l Min I Typ l Max J Units
VCO SECTION
oo Operating Current fo — 10kHz. R1 — 1 MQ,
R2 — o, VCOl - Vpp/2
Vpp - &V 20 ﬂ
Vpg —- 10V 80 A
Vop — 15V 200 A
tMAX Maximum Oserating Frequency C1 - S0pF,A1 - 10k,
' R2 - e, VCO|N - Vop
Vop — 8V 0.4 0.8 MHz
Vpp — 10V 0.6 1.2 MEx
Vpp —~ 18V 1.0 1.8 Mz
Lineanty VCOm — 2.8V 0.3V,
R1 > 10kQ.Vpp - SV 1 %
VCOpy — 5V £2.5Vv,
R1 > 400 k2, Vpp - 10V 1 o
VCO — 7.5V %8V,
Rt > 1ML Vpp - 15V ) 1 %
Temperature-Frequency Stability %/°C= /1. Vop
No Frequency Oftset, iy ~ 0 R2 — «
Vop — 5V 0.12=0.24 /0
Vpp — 10V 0.04-0.08 %/
Vpp - 15V 0.015-0.03 *%~C
Frequency Cifset, iypy # 0 Vpp - 5V 0.08-0.12 850
Vpp '~ 10V 0.0§-0.1 %rC
Vpp — 15V 0.03-0.08 %77
VCOw Inout Resistance Vpp - 5V 108 213
Vpp — 10V 106 W
Vop - 15V 106 ]3]
VCO Output Duty Cycle Vop — 5V 50 %
Vpp = 10V 50 %
Vpp =~ 15V 50 4
L VCO Output Transition Time Vpp - §V S0 200 ns
THL Voo — 10V 50 100 s
Voo — 18V 45 80 ns

*AG Parametars ara quaranteed by OC comsated testng.




AC Electrical Characteristics® coscissm/co40468C T, — 25°C, € — 50 pF (Continued)

Symbal [ Parameter l ' Conditions I Min I Typ I Max i Units
PHASE COMPARATORS SECTION X
Ry Input Resistancs -
Signat tnput Vpp - SV 1 3 MO
Vpp ~ 10V 0.2 0.7 Ma
Vppg — 18V 0.1 0.3 M0
Comparator Input ¥np — &V 108 MO
Vpp — 10V 106 MO
Vop — 18V 108 MO
AC-Cougled Signat Input Voltage Cszrigs — 1000 pF R
Sensitmty i~ SDkH2
Vpp - 5V 200 400 mv
Vop - 10V 400 800 mV
Vop — 15V 700 1400 my
DEMODULATOR OUTPUT
vCON— Offset Voitage RS > 10k, Ypp - 5V 1.50 2.2 v
VoEM RS S 10k, Vpp — 10V 1.50 22 v
RS 5 50k, Vpop ~ 15V 1.50 2.2 v
Lineanty RS S 50k
VCOpy — 2.5V +0.3V, Vpp — 5V 0.1 %
VCOpy — 5V £2.8V,Vpp ~ 10V 0.6 =
VOO — 7.8V £5V,Vpp — 18V 0.8 %
ZENER DIODE
vz Zener Dioce Yoltage 17 — 50 pA 6.3 7.0 7.7 v
Rz Zener Dynamic Resistance Iz — 1mA 100 .

“AG Parametsers ara guarantead by OC conelated testing




Phase Comparator State Diagrams

PHASE COMPARATOR |

INPUT STATE
COMPARATOR

g | (=

Typical Waveforms

SIGNALIN

COMPARATOR IR

PHASE COMP [ OUT

VCOy
(LOW PASS FILTER OUTPUT)

SIGRAL {
s I 19
PHASE COMPI QUT t L 1
PHASE COMPARATOA 1l
INPUT STATE
COMPARATOR
"
SEMAL
w
PHASE COMP 1t OUT
PHASE PULSES 0 1 ’
TL/F/5368-3
FIGURE 2
PHASE COMPARATDR | ) PHASE COMPARATOR !
Voo —l ! I l siceaL V0B I ! | l
Vss Vo2
Vou
ot |/ RN COMPARATOR 1% L1 L

ot 1L MO
Vot
Y AN
Voo —

TL/F/5086~4

FIGURE 3. Typical Wavetorm Empioying Phase
Comparator | in Locked Conditian

&

VoK
v
PHASE PULSES v"" LI U
ot
T - ——i
PHASE CONP t1oUT  OF _P——'L.__
Vou

Ve Vonh
{LOW PASS FILTER OUTRUT) Vgy —

TIPSR
FIGURE 4. Typical Waveiorm Employing Phase
Comparator 1l in Locked Condition




Typical Performance Characteristics

Typical Center Frequency vs C1
for R1 — 10kQ, 100 kN and 1 Mn,

167 Ty 3
i FHFHI ﬁLIrTA - 257 ¢
= 106 VCOjy = Vpp/2, R2 = ]
= . H (AR SE NI TERIN R T
?z_', 108 ; = Vpgp = 15V
P Y ans Tt
ug" 8 D : VDB—'IIW
= 7 =; VDD=5V S
Lo — t ey
= 103 A
L4 L P
E i S/ 1
g 1w A1 - 10K
! Tt
= 10l 1 R1 =100k
P U1 .
1 R1=1MH

10-5 104 10-3 10-2 101 1 10 102
£1 - VCO TIMING CAPACITOR (uf)

TLIF/568-5
FIGURE 5a
Typical Frequency va C1
"}7 for R2 — 10k, 100 k() and 1 MQ
A28
106 =8 VEOy = Vss 4
= ] ‘—-:"VDD = 15V ]
= 105 — Y e
& N Vpp = 10V
2 ] [ GanrT
5 SATE:
= 3 iy Ll
& 103 { A REIEE
(€99 I 1] 1
t ] i 1
= 102 ' 3} R2 = 10k 1
= T §, L0
= o i i }RZ = 100k
i Niao mn
1 i b IENSWER N
10-% 194 10-310-2 10-1 1 18 102
C1 - VL0 TIMING CAPACITOR (uF) .
368-13
FIGURE sb } ’
Note: To obtan angr tegal powar 1] of PLL system for no-gignal input Phasa Comparator ¢, Fp (Tetal) - Pp {fe) + Pp () + Pp (Rt Phasa

Comparator 1f, P (Tatan -~ Pp (fun)




Typical Performance Characteristics (continueq)

- Imax/fn

Pp -- VCO PDWER DISSIPATION {;:W)

“]4 Typical fgax/tyin ¥s R2/R1

- v,
R 1A = 257

fMAX WHEN VCO;y = Vp
fMIN WHEN VCOypy = Vgg

3
oj

103

>~—

i
i

102

"
—

Vgp =10V, 15V

1

mvppo =5V

]

-—"1- 1 l {

0.01 0.1 1 10
R2/R1

FIGURE 5C

Typical VCO Power Dissipation
at Center Frequency vs Rt
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FIGURE 6a

104

TL/F/268-18

Nots: To obtaim ancr oamats tolal Cower assQannn of PLL system for no-9gnal mout Phase Comparator |, Pp (Tatal) ~ Pp {fe) + Pp (fuinl + Pg (R Phass

Gomparator 11, Pp (Totan

Pp {fami

8




Typical Performance Characteristics continuea) -

Typicai VCO Power Dissipation at 1y vs R2

108 - s
s T TA=25°CE
3 107 VCON = Vg5 =
= [ ?
a T
= 106 = :
< T
5 105 L]
5 1 i
SUPPLY K
s 0 VOLTAGE
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s ~ 1
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a. }
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RZ {(ks2)
TL/F/S368-16
FIGURE 6b
3
&5 7 Typical Saurce Follower Power Dissipation vs Rg
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< 106 VCOyy =Vpp/2, R1=R2= =4
: =
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a 103 k
= ]
z 104 L
o
s T
w10 S SUPPLY 35
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TL/F/%68-17
FIGURE 6c

Note: To octan agormamata tetal powar disspaznn of PLL system for no-signal incut: Phasa Comparater i, Ry (Tel) — Py (fe) + Pp (fum) + Pp (Rgl, Phase
Comoaraine ), P (Totalh — Py (e




Typical Performance Characteristics contnues

103 . S i
Tp=25C]
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§ 0.001 4F LTSNy
= 0.01, 0.1 oF :\ NN
1 AN
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FIGURE 7. Typical VCO Linearily vs R1 and C1
Mote: To obtain aperceemata tetal power dissation of PLL systam for no-signal input: Phase Comparatar 1, Py (Total} — Pp (fo) + Po (funy) + Pp ez Prass
GComgparator i Pp (Fotalt P than-




Design Information

This information is a gude for approximating the value of
external components {or the CD4046B i a phase-locked.

ioop system. The selected external components must be
within the fofowing ranges: R1, R2 > 10 kf}, Rg > 10 kN,

In addition to the given design information, refer to Figure 5
for R1, R2 and C1 component sefections.

C1 > 80 pF. -
Using Phase Comparator{ Using Phase Comparator 11
Characteristics
YCO without Otiset VCO With Offset ¢ VCO Without Otiset VCO With Otiset
R2 = = R2 = =
VCO Frequency . t
o - T ‘-t S~ Cent o
W 20 [N ; 4
fum “ua ‘
LY 119
-y S [
e Var Voo Yg Tan? Yo TS "o
YRR VULYAGE VERMAT YELTALL PLOSALIT VDL TACT VIR W IT VLI AGH
TU/FI368-7 TL/F/5963=8 TUF/5568=-8 TL/F/5BE8-10

For No Signal Input

VCO in PLL system wid adjust
to cemer frequency, 1,

VCO in PLL system wil adjust 1o
lowest operating irecuency, foe

Frequency Lock 21 = 1ull VCO frequency range
Range, 2 i, 21 = Imax — Imin
Freguency Capture 51 R
Rangs, 21 “‘""’"'I‘" '
e 1 \/2 ™ i
e o= —
".—E 2fc ko T
TUIF/S983-11
Loog Filter ol " o= 'L
Component )
Selection 5 For 21 see Ret.
/_r (24
TL/F/8368-12
Phase Angle Between S0° a1 center frequency (fo). approximating Atways 0° in bck
Single and Comparator 0" and 180° at ends of lockrange (2 1)
Locks on Harmonics Yes No
of Cemtsr Frequency
Signal Input Noise High Low
Rajection Z
VCO Component Giver: 1o Given: o and fi. Given: trya. Geven: fyin 200 {max.
Setection Use {owith Calculate fmin Calculate 1, from US& fpyun with
Figure Sa to {rom the equation the equation Fipre SO 1o
determmne R1 1 dererming R2 and C1.
foun = fo — 1L max
and C1, fo =5~ fona
. Use {min with Figure Sb Caiculate T—.
to detenmmne R2 and C1. | Use fy with Figure 5a to ‘e
determme R1 and C1. ‘e
N f Jnex
b Calcutate fmau Use tmm*.hF‘guraSc
min
: 10 caterming rato
- Sl eaugion R2/R1 1o scman AL
fmax _fo 1L
fmin  fo— L
{
Use =2 with Figure 5¢
'man
T 1o detenmine ratio R2/
R1 toobtain R1.
Referehces.

G.S. Moschytz, “Mmiaturized RC Filters Using Phase-Locked Loop”, BSTJ, May, 1665,
Floyda Gardner, “'FPhasetock Tectrigques’, Jobn Wiley & Sons, 1966.

t




@ MOTOROLA

Balanced Modulators/
Demodulators

These devices were designed for use where the output voltage is a
product of an input voltage {signal) and a switching function {carrier). Typical
applications inciude suppressec carrier and amplitude modulation,
synchronous detection, FM detection, phase detection, ara chopper
applications. See Motorola Application Note AN531 for additional design

information.

® Excellent Carrier Suppression —65 cB typ @ 0.5 MHz
—-500B typ @ 10 MHz

¢ Acjustable Gain and Signal Hancling
& Balanced Inputs and Cutputs
& High Common Mode Rejection —85 dB typical

This device contains 8 active transistors.

Carrier Qutput

Figure 1. Suppressed :
Waveform |

Figure 2. Suppressed
Carrier Spectrum

Order this document by MC1496/D

MC1496, B

MODULATORS/DEMODULATORS

BALANCED

SEMICONDUCTOR
TECHNICAL DATA

D SUFFIX:
PLASTIC PACKAGE
l CASE7S1A
(SO-14)

P SUFFIX
PLASTIC PACKAGE
CASE 648

&

1

PIN CONNECTIONS

signal Input [ 1]} © > 18] Ve
Gan Adjust [ 2 | 13] T
Gain Adjust E E Qutput
Signal Input [ 4| 1] NG
Bias E E Carier Input
Output [ 6 | 9 jNC
NG E E Inout Carrier
ORDERING INFORMATION
Operating
Device Temperature Range Package
MC1496D SO-14
Moager | A0 I o
MC1496BP | Tp = —40°C to +125°C| Plastic DIP

Figure 3. Amplitude
Modulation Qutput
Waveform

Figure 4. Ampiitude—-adulation Spectrum

S Mcterola, Ine, 1986

Rev 4



MC1496, B

MAXIMUM RATINGS (Ta = 25°C, unless otherwise noted.)

Rating Symbol Value Unit

Appiied Voltage . AV 30 Vde

(V6-VB. V10 —-V1,V12~VB, V12 -V10, VB - V4,

V8 -V1,V10-V4, V6 - V10, V2 - V5, V3 - V5)
Differential Input Signal V8 -Vi0 +5.0 Vde
V4-V1 | #5+I5Rg)

Maximum Bias Current I5 10 mA
Thermal Resistance, Junction-to—Air RaJa 100 CW

Plastic Dual In-Line Package
Operating Temperature Range TA O0to +70 °C
Storage Temperature Range Tstg -65t0 +150 { °C

NOTE: ESD data available upon request.

ELECTRICAL CHARACTERISTICS (Voo = 12 Vde, VEZ = -8.0Vds, I5 = 1.0 mAde, R = 3.9 ki) Rg = 1.0 K2 TA = Tigw 0 Thigh,
all input and output characteristics are single~-endec. unless otherwise noted.)

Characteristic Fig. Note Symbaol Min Typ | Max Unit
Carrier Feedthrough 5 1 VerT uVrms
V¢ = 60 mVims sine wave and fc=10kHz - 40 -
offset adjusted to zero ic=10MHz - 140 -
V¢ = 300 mVpp square wave: mvrms
offset adjusted 1o zero fe=1.0kHz s 0.04 0.4
offset not adjusted fc=1.0kHz - 20 200
Carier Suppression 5 2 Ves dB
fg = 10kHz, 300 mVrms
fc = 500 kHz, 60 mVrms sine wave 40 65 -
f¢ = 10 MHz, 60 mVrms sine wave - 50 - k
Transadmittance Bandwidth (Magnitude) (R|_ = 500) 8 8 BWa4p MHz
Carrier ihput Port, V¢ = 60 mVimss sine wave - 300 -
fg = 1.0 kHz, 300 mVrms sine wave
Signal Input Port, Vg = 300 mVrms sine wave ¥ 80 -
WVgl=05Vde
Signal Gain (Vg = 100 mVrms, f = 1.0 kHz: [V¢l= 9.5 Vde) 10 3 Ays 2.5 3.5 - ViV
Single—Ended Input Impecance, Signal Port, f = 5.0MHz 6 -
Parafle! Input Resistance fip - 200 - kQ
Parallel Input Capacitance Gp - 20 — pF
Single-Ended Output mpedance. f = 10 MHz 6 - ’
Parallel Output Resistance ¢ Top - 40 - kQ
Parafiel Cutput Capacitance . Zo0 - 5.0 - pF
Input Bias Current 7 = pA
- 12 30
M+ 18_+ 1O lbs
bs="2hc="3 e - |12 | 30
input Offset Current 7 - pA
liog = -4 i = 1810 'kos | - 07 | 7.0
ool - 07 | 70
Average Temperature Cosfficient of Input Offset Current 7 - | fCgel - 2.0 - nA/°C
(TA = =55°C t0 +125°C)
Output Offset Current (16-19) 7 | - oo - 14 80 A
Average Temperature Coeffident of Output Offset Cument - 7 - {TCiool - 90 - nA/°C:
(TA = ~55°C to +125°C)
Common-Mode Input Swing, Signat Port, fg = 1.0iHz 9 4 MV - 5.0 - Vpp
Common—Mode Gain, Signal Port, fg = 1.0 kHz. V¢i= 0.5 Ves 9 - ACM - -85 - B
Common-Mode Quiescent Output Voitage (Pin 6 or Pin 9) 10 - Yot - 8.0 - Vpp
Differential Output Voltage Swing Capabifity 10 - Yoyt - 8.0 - Vpp
Power Supply Current 16 +112 7 6 lec - 20 4.0 mAdc
114 . lz= - 3.0 5.0
DC Power Dissipation 7 3 P - 33 - mwW

2 ) MOTOROLA ANALOG IC DEVICE DATA



MC1496, B

GENERAL OPERATING INFORMATION

Carrier Feedthrough.

Carrier feedthrough is defined as the output voltage at
carrier frequency with only the carrier applied (signal
voltage = 0).

Carrier null is achieved by balancing the currents in the
differential amplifier by means of a bias trim potentiometer
{R1 of Figure 5).

Carrier Suppression

Carrier suppression is defined as the ratio of each
sideband output to carrer output for the carrier and signal
voltage levels specified.

Carrier- suppression is very dependént on. carrier input
level, as shown in Figure 22. A low value of the carrier does
not fully switch the upper switching devices, and results in
lower signal gain, hence lower carrier suppression. A higher
than optimum carrier ievel resulis in unnecessary device and
circuit carrier feedthrough, which again degenerates the
suppression figure. The MC1486 has been characterized
with a 60 mVmms sinewave carrier input signal. This level
provides optimum carrier suppression at carrer frequencies
in the vicinity of 500 kHz, and is generally recommended for
balanced modulator applications.

Carrier feedthrough is independent of signal levei, Vs.
Thus carrier suppression can be maximized by operating
with large signal levels. However, a linear operating mode
must be maintained in the signai—input iransistor pair — or
harmonics of the modulating signal will be generated and
appear in the device output as spurious sicebands of the
suppressed carrier. This requirement places an upper limit on
input—signal amplitude {see Figure 20). Note aso that an
optimum carrier level is recommended in Figure 22 for good
carrier suppression and minimum spurous sideband
generation.

At higher frequencies circuit layout is very important in
order to minimize carrier feedthrough. Shielding may be
necessary in order to prevent capacitive coupéng between
the carrier input leads and the output leads.

Signal Gain and Maximum Input Level
Signal gain (single—ended) at low frequencies is defined
as the voltage gain,
A =Yo_ PR _26mV
VS T Vg T Rgrarg "¢ e T i5mA)
A constant dc potential is applied to the carrier input terminals
to fully switch two of the upper iransistors ‘on” and two
transistors *off” (V¢ = 0.5 Vdc). This in effect forms a cascode
-differential amplifier.
Linear operation requires that the signal input be below a
critical value detemmined by Rg and the bias current I5.

Vs = I5 Rg (Volts peak}

Note that in the test circuit of Figure 10, Vg corresponds to a
maximum value of 1.0 V peak.

Common Mode Swing

The common—mode swing is the voltage which may be
applied to both bases of the signal cifferential amplifier,
without saturating the current sources or without saturating
the differential amplifier itself by swinging it into the upper

switching devices. This swing is variable depending on the
particular circuit and biasing conditions chosen.

Power Dissipation

Power dissipation, Pp, within the integrated circuit package
should be calculated as the summation of the voltage—current
products at each port, i.e. assuming V12 = V6, 15 = 16 = 12
and ignoring base current, Pp = 2 15 (V6 — V14) + 15}
V5 — V14 where subscripts refer 1o pin numbers.

Design Equations
The following is a partial list of design equations needed to
operate the dreuit with other supply voltages and input
conditions.
A. Operating Current
The intemal bias currents are set by the contitions at Pin 5.
Assume:
15=16=112,
Ig < « I for all transistors
then :
V——g where: R5is the resistor between
RS = =500 Q Pin 5 and ground
$=0.75at Tp = +25°C
The MC1496 has been characterized for the condition
|15 = 1.0 mA ancd is the generally recommended value.

B. Commoan-Moce Quiescent Oufput Voltage

V6 =V12=V+—IBRL

Biasing
The MG1486 requires three dc bias voltage levels which

must be set extemally. Guidelines for setting up these three
levels include mainfaining at least 2.0 V collector-base bias
on all transistors while not exceeding the voltages given in
the absolute maximum rating table;

30 Vee = {(V6, V12} - (V8,V10)] = 2 Vdc

30 Vec = [(VB, V10) = (V1,V4)] = 2.7 Vde

30 Ve = [(V1,.V4) - (V5}] = 2.7 Vdc

‘The foregoing conditions are based on the following

approximations: .
V6=V1i2,V8=V10,Vi=V
Bias currents flowing into Pins 1, 4, 8 and 10 are transistor |

base currents anc can normally be neglected if external bias
dividers are designed fo carry 1.0 mA or more.

Transadmittance Bandwidth
Carrier transadmitiance bandwidth is the 3.0 dB bandwidth
of the device forward transadmittance as defined by:
_ ig (each sideband)
¥21C ~ T v (signai)
Signal transaamittance bandwidth is the 3.0 dB bandwidth
of the device forward transadmittance as defined by:
_ I (signa)
1218 7 v (signal)

Ivozo

Vg =05 Vde, Vg =0
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Caupling and Bypass Capacitors

Capacitors C1 and G2 (Figure 5) shouid be selected fora
reactance of less than 5.0 Q at the carrier frequency.

Qutput Signal

The output signal is taken from Pins 6 and 12 either
balanced or single—ended. Figure 11 shows the output levels
of each of the two output sidebands resulting from variations
in both the carrier and modulating signal inputs with a
single—ended output connection.

Negative Supply

VEE should be dc only. The insertion of an RF choke in
series with VEE can enhance the stability of the intemat
current sources.

Signal Port Stability

Under certain values of driving source impedance,
oscillation may occur. In this event, an RC .suppression
network should be connected directly to €ach input using
short leads. This will reduce the Q of the source-tuned
circuits that cause the osdillation.

Signal Input
(Pins 1 and ¢) }%V

s,

10 pF

#

An altemate method for low—frequency applications is to
insert a 1.0 kQ resistor in series with the input (Pins 1, 4). In
this case input current drift may cause serious degradation of
carrier suppression.

t——

TEST CIRCUITS

Figure 5. Carrier Rejection and Suppression
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Figure 7. Bias and Offset Currenis
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Figure 6. Input—Output Impedance
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Figure 8. Transconductance Bandwidth
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Figure 9. Common Mode Gain

MC1496, B

Figure 10. Signal Gain and Qutput Swing
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TYPICAL CHARACTERISTICS

Typical characteristics were obtained with circuit shown in Figure 5, f¢ = 500 kHz {sine wave),
Vg = 60 mVrms, 5= 1.0 kHz, Vg = 300 mVrms, TA = 25°C, unless otherwise noted.

Figure 11. Sideband Output versus

£ Carrler Levels
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Figure 13. Signal—Port Parallel~Equivalent
Input Capacitance versus Frequency
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Figure 12. Signal—Port Paralle—Equivalent
Input Resistance versus Frequency
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TYPICAL CHARACTERISTICS (continued)

Typical characteristics were obtained with dircuit shown in Figure 5, f¢ = 500 kiHz (sine wave),
V¢ = 80 mVims, fg = 1.0 kHz, Vg = 300 mvrms. TA = 25°C, unless otherwise nated.

Figure 15. Sideband and Signal Port Figure 16. Carrier Suppression
Transadmittances versus Frequency versus Temperature
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Figure 18. Carrier Suppression
Figure 17. Signal—~Part Frequency Response versus Frequency
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Figure 19. Carrier Feedthrough Figure 20. Sideband Harmonic Suppression
versus Frequency versus Input Signal Level
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Figure 21. Suppression of Carrier Harmonic
Sidebands versus Carrier Frequency
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OPERATIONS INFORMATION

The MC1496, a monolithic balanced moculator circuit, is
shown in Figure 23. '

This circuit consists of an upper quad dcifferential amplifier
driven by a sfandard differential amplifier with dual current
sources. The output collectors are cross—coupled so that
full-wave balanced multiplication of the two input voltages
occurs. That is, the output signal is a constant imes the
product of the two input signals. .

Mathematical analysis of linear ac signal multiplication
indicates that the output spectrum will consist of only the sum
and difference of the two input frequencies. Thus, the device
may be used as a balanced modulator, doubly balanced mixer,
procduct detector, frequiency doubler, and other applications
requiring these particular output signal characteristics.

The lower differential amplifier has its emitters connected
to the package pins so that an extemnal emitter resistance
may be used. Also, extemnal load resistors are employed at
the device output.

Signal Levels J
The upper quad differential amplifier may be operated
either in a linear or a saturated mode. The lower differential
amplifier is operated in a linear mode for most applications.
For low—evel operation at both input ports. the output
signal will contain sum and difference frequency components

Figure 23. Circuit Schemahc “
- 12

and have an amplitude which is a-function of the product of
the input signal amplitudes.

For high—level operation at the carrier input port and linear
operation at the modulating signal port, the output signal will
contain sum and cifference frequency components of the
modulating signal frequency and the fundamental and odd
harmonics of the carrier frequency. The output amplitude will
be a constant times the modulating signal amplitude. Any
amplitude variations in the carrier signal will not appear in the
output.

The linear sxgnal handling capabilities of a differential
amplifier are well cefined. With no emitter degeneration, the
maximum input voltage for linear operation is approximately
25 mV peak. Since the upper differential amplifier has its
emitters internally connected, this voltage applies to the
carrier input port for all conditions.

Since the lower differential amplifier has provisions for an
exiemnal emitter resistance, its linear signal handling range
may be adjusted by the user. The maximum input volitage for
linear operation may be approximated from the following
expression;

V = {(I5} (Rg) volts peak.

This expression may be used to compute the minimum

value of Rg for a given input voltage amplitude.

Figure 24. Typical Modulator Circuit
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Figure 25. Voltage Gain and Output Frequendies

Carrier Input Signal (Vo) Approximats Voltage Gain Output Signal Frequency(s)
Lowevel d - R‘ 'L'V'C"""' f
ow-level dc 7 M
KT
ARg + 2g) \-q—)
High—tevel ¢ R
igh-le c — v {
Re+ Zg M
Codovel RL Vc(rms)
ow-level ac fo 1
n (KT . C=M
2,2 (-q—) (Rz+ 2rg)
) 0.637 Ry .
High-evel ac —— fctiM.3ctfM.SfcEiMm. - - -
R +2rg

NOTES: 1. Low-level Moduiating Signal, V., assumec in ail cases. V¢ 18 Camer Input Ve tage.

2. When the cutput signal contains muttiple frequancies, the gain expression given s for the cutput amplituge cf

“each of the two desired outputs, {g + fiyandic — .
3. At gain expressions are for a single—ended cutput. For a differential output cennection, munticly each

expression by two.
4. R = Load resistance.
S. Rg = Emifter resistance between Pins 2 and 3.

6. 14 = Transistor dynamic emitier resistance, at 25°C;
26 mv

18 = e
I {mA}
7. K = Boltzmann's Constant, T = lemperature m degrees Ketvin, g = the charge 24 an electren.

KT

The gain from the moculating signal input port to the
output is the MC1496 gain parameter which is most often of
interest to the designer. This gain has significance only when
the lower differential amplifier is operated in a linear mode,
but this includes fnost applications of the device.

As previously mentioned, the upper quad differential
amplifier may be operated either in a linear or a saturated
mode. Approximate gain expressions have been developed
for the MC1496 for a low—level modulating signal input and
the following carrier input conditions:

1) Low—evel dc
2) High—level dc
3} Lowlevef ac
4) High—level ac

These gains are summarized in Figure 25, along with the
frequency components contained in the output signal.

APPLICATIONS INFORMATION

Double sideband suppressed carrier modulation is the
basic application of the MC1496. The suggested circuit for
this application is shown on the front page of this data sheet.

in some applications, it may be necessary to operate the
MC1496 with a single dc supply voltage instead of dual
supplies. Figure 26 shows a balanced modulator designed
for operation with a single 12 Vdc supply. Performance of this
circuit is similar to that of the dual supply modulator.

AM Modulator
The circuit shown in Figure 27 may be used as an
amplitude modulator with a minor modification.

s = 26 mV at rcom temperature

All that is requirec to shift from suppressed carrier to AM
operation is to acjust the carrier nuill potentiometer for the
proper amount of ca~ier inserion in the output signal.

However, the suppressed carrer null cicuitry as shown in
Figure 27 does not have sufficient acjustment range.
Therefore, the mocdator may be modifiec for AM cperation
by changing two resisior values in the null cizeuit as shown in
Figure 28.

Product Detector

The MC1496 makes an excellent SSB product detector
{see Figure 29).

This product detector has a sensitivity of 3.0 microvolts
and a dynamic. ence of 90 oB when operating at an
intermediate frequency of 3.0 MHz.

The detector is toadband for the enti-e high frequency
range. For operafion at very low intermeciate-frequencies
down to-50 kHz the 0.1 uF capacitors on Pins 8 and 10
should be increasec fo 1.0 puf. Also, the output filter at Pin 12
can be tailored to a specific intemediate frequency and audio
amplifier input impecance. -

Asin all applicatons of the MC1496, the emitter resistance
between Pins 2 and 3'may be increaskd or decreased to
adjust circuit gain, sensifivity, and dynamic range.

This cifcuit may also be used as an AM detector by
introcducing carrier signat at the carrier inputand an AM signal
at the SSB input.

The carrier signal may be derived from the intermediate
frequency signal or generated locally. The carrier signai may
be introduced with ¢~ without modulation, provided its level is
sufficiently high 1o saturate the upper cuad Ccifterential
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amplifier. If the carrier signal is modulated, a 300 mVrms
input level is recommended.

Doubly Balanced Mixer

The MC1496 rhay be used as a doubly balanced mixer
with either broadband or tuned narrow band input and output
networks.

The local osdiltator signal is introduced at the carrier input
port with a recommendad amplituce of 100 mVms.

Figure 30 shows a mixer with a broadband input and a
uned output.
Frequency Doubler

The MC1496 will operate as a frequency doubler by
introcucing the same frequency at both input ports.

Figures 31 and 32 show a broadband frequency doubler
and a tuned ouiput very high frequency (VHF} doubler,
respectively.

Phase Detection and FM Detection

The MC1496 will function as a phase cetector. High-{evel
input signals are introduced at both inputs. When both inputs
are at the same frequency the MC1496 will celiver an output
which is a function ot the phase cifference between the two
input sicnals.

An FM detector may be constructed by using the phase
detector principle. A tuned circuit is addec & one of the inputs
to cause the two input signals to vary in phase as a function
of frequency. The MC 1496 will then provice an output which
is a function of the input signal frequency.

TYPICAL APPLICATIONS

Figure 26. Balanced Modulator

{12 Vdc Single Supply) Figure 27. Balanced Modulator-Demodulator
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Figure 28. AM Modulator Circuit (12 Vdc Single Supply)
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Figure 30. Doubly Balanced Mixer

(Broadband Inputs, 9.0 MHz Tuned Cutput) Figure 31. Low—-Frequeni:y Doubler
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National Semiconductor

DAC0800/DAC0801/DAC0802 8-Bit Digital-to-Analog
Converters

General Description

The DACO800 senes are monohthic &-bit high-speed cur-  The DACCR00, DACS202. DACTECOC. DACCECIC and
rent-output digital-to-analog converters (DAC) featunng type  DACOB02C are a direct rsciacement for the DAC-CE DAC.
cal setthng times of 100 ns. When used as a multiplying  C8A, DAC-08C, DAC-CEE arz DAC-CBh, raspactiveh.
DAC, monotonic gerformance over a 4G fo 1 reference cur-

rent range 15 possible. The DACCB00 senes also features  Features

high complance comoiementary current outouts 1o allow g paep setiling output cu~srs Cns

aifigrenual outout voliages of 20 Ve-p with simpls resISIOr o £ coate error --11SB
loacs as shown in Figure 1. The referenze-to-full-scale cur- Nontneartty over temge-anie : T ale
rent matching of better than 1 LSB etrmnates the need for - SR

& Full scale current drrit +10 2w /?C

tullscale trims in most ascicatons while the nonlinearties
of tetter than £0.1% over lemperatuce miumzes system M High output compliancs

error accumulations. 8 Complementary currem xssuts
The nowse immune nouts of the DACCRCD seres will accept ¥ Interface directlty with TTL CMOS. FMOS and ohers
TTL leveis wnh the logic threshole = n, Vg, grounces. W 2 guadrant wide rangs raticiyng casaciity

Changing the V| ¢ potential will alow cirect interface o oth- u Wide power supply rargs 48V > -8y
er logic famifies. The performance ana characteristics of the  m Low power consumgtor 33 mw z 3V
device are essentally unchangsa over the tull£ 4.5V 10 g | gw gost

+ 18V gower supply range; power cissisanon 1s onty 33 mW
with £5V supphes and 1s indepencznt of the logie mput
states.

—10V > — 18V

Typical Applications

-15Y
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FIGURE 1. =20 Vp.p Output Digital-to-Analog Canverter (Note 4)
Ordering Information
Non-Linearity Ten;perawre Order Numbers
ange J Package (J16A)* N Package (N16A)" SO Package (M16A)

+C.1% FS 0C - Ta = +70°C | DACOS02LCY | DAC-08HQ | DACOROZLCN l DAC-08HP DACDECAIM
+0.19% FS | —55'C <= T4 +125°C DACO800LJ | DAC.C8Q l '

T £018% FS 0°C « Ta « +70°C 1 DACOBOOLCY | DAC-08EQ | DACOS00LCN | DACOSEP DACOE0IULIM
+£.39% FS | 0*'C ~. Tp © +70°C DACORO1LCN ' DAC-08CF DACOROILIM

“Devices may ba ordsrad by using etnar order numoer

=155 Noonal Somiorcuster Cenaraen T 105608

siapianuo) Hojeuy-o3-1eybiq 1g-8 20800vA/10802vA/00800VA
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Absolute Maximum Ratings pote 1)

i Mititary/Aerospace specii

please cantact the Nationai

ed devices are required,
Semiconducticr Sales

Otfice/Distributors for availability and spectiications.

Supply Voltage (V| —~ V=)

Fower Dissipaton (Note 2)

Relerence Input Differential Vot
(Vidto V15)

Retference Input Common-Moae
V14, V15)

Reference input Current

Logie lnputs

Analog Current Outputs (Vg— =

ESD Susceptibulity {Note 3)

Storage Temperature

Electrical Characteristics the atowng speditications agoty for v = * 15v. I2=

218V or 36V
5C0 m'w
age
V=tov!
Range
V-tovi®
SmA
=12V~ plus 38V
4.25 mA
T8OV
o +150°C

—~15V)

Lo
S v

-&

Lead Temp. (Soldering. 13 szconds)
Duatin-Line Fackage (zlas:o)
Duatin-Line Packags (ceramic)

Surface Mount Package

Vapor Phase (60 sezoncs)

infrared (1§ seconds)

Operating Conditions o= 1

Min
Temperatwe (Tp} .
DACOD800L -3
DACO800LC <
DACD801LC o]
DACO802LC o3

Tmax uniess otherwise speaitied. Output charazzristics refer toboth Loyt and loyT-

Max

+128
+70
+70
+70

Units

°C
°C
*C

or
C

250°C
200°C

215°C
220°C

=2mAanrzTain  Ta

DACOog00L/ i
Symbol Parameter Conditions PACIeRILC OACD800LC BACO80ILC ; Units
Min | Typ |Max |{Min| Typ Max [Mint Typ | Max |
Reaolulicn 8 8 578 5 3 8 + 5 5 =lE)
Monotonicity 6 | 8 g le] 8 8 {8l s & | Bis
Nonlinsarity +0.1 =249 i +£033] %FS
ts Ssttiing Time To =% LS2. 4 2s Switched 100 | 155 1100 | 153 | ns
“ON”cr "CFF™ T4 —25'C
CACOBOOL 100 35 ! ns
DACO800LC 180 °S0 ]
tPLH.  [Prooagation Detay Ta—26C >
tPHL Each Bit 35 60 35 50 '35 8 ns
All Bita Switchad 35 | 60 ) i 35 50 g
TCleg  {Full Scale Tempco *10 | =50 *15 =50 i =10 | =585 lopms/C
Voo Output Veltags Comoliance {Full Scals Curet Change 10 18 10 8 ot v
<% LES, Rour > 29 MiL Tyvo b
ey Full Scate Currant Vrgr—10.000V. R14 — 5000 k2| 1.984] 1.992 12.00011.94} 1.75 23¢ |1.9¢] ~.29 | 2.0¢ mA
R15=5000 k(s "4~ 25°C i
less Fuil Scae Symmetry Irse  dreo £05 [+40 =1 =89 Vos2 [ 25] uA
Irs Zoro Scals Current 0.1 | 1.0 02 21 102 | 401 pA
lrsR Cutout Current Range V- - sV 0 120 f 2110 423 21101201 21| mA
V== 8Vto -8V 6 | 20 {42 0 3 22 1 0 20 f 221 mA
Logic Input Levers [
Vi Legic “O" Vig— 0V 0.8 38 ; 0.8 v
Vi Logic “1” 2.0 2.0 2.0 | v
Legic lnout Current Vic— OV I i ]
(" Logic 0™ 10Vt Vi <+ 3.8V 20| 10] 25 13 P20 sl zA
by Logic “1” VIV T+ 18V 0.002 | 10 | 0,662 3 190021 16 | wA
Vis Logic Input Swing V-~ 15V 10 18 10/ °3 1351 18 ¥
V1R Log:c Thvesnold Range Vg~ X215V 10 135, 10 “35 ) 1Y 155, V
lys Reference Bias Curreat | 10 33 3 3D LD 53% sA
S/t Raterence Input Siew Rate 1 igurs 12) 40 | 80 401 8D 451 8.9 " mAlns
PSSleg .. i Power Supply Sensitvty 2.5V IV #0172V 0.0001} 0.01 0.005° 5.1 5.5001) 0.31 . % i%
PSSleg_ 28VIV= i 0.0001 | 0.01 0.000% 3.3 D0001f 001 %i%
lrgr—1mA .
Powser Supoly Current Vg~ £5V,lgg="" mA {
I+ 23 | 38 23 38 23 | 38 | mA
1 43| 58 13 58 43| 581 mA
V=5V, 15V.kzz—2mA | i
1+ 24 | 38 24 33 24 | 38 ] ma
1 54| 78 54 18 54| 78! mA
Vg~ £18V. l=z=—2mA
1+ 25 | 38 25 38 25 | 3.8 mA
f | 651 78 55 18 5 75 wA

|

ny



Electrical Characteristics connueq)
The following specafications agely for Vg = 218V, Igep = 2 mA and Tyyy < Ta < Tygax uniess otherwise speafied. Output
charactenstics reter to both loyt and oyt

DACU800L/
Symbol Paramster Conditiona bAccso2L.C DACOZ00LC DACOS01LC Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Ps Power Dissipation | =5V.lsgr—1mA 33 48 33 a8 ! 33 48 my
SV. 16V.lger—2mA 108 | 138 108 | 138 108 | 15 mH
£15V, lpgr—2mA 135 | 174 135 | 174 *55 | 174 mw

Nots 1: Apsoium Maxmum Fabngs ndamd Wmits bavond wncn damags 12 0w dence may occur. OO and AG slectcal specificanons 4o Not ancty whan coerating
tha deacs deyond its spectiad oceranng Lonaons.
Note 2 The maxmmum juncton ismpersnes of e DAGE800, DACOS01 and DAGIE021s 125°C. For oparsnng &I slovarsd tamparatures, d2aces n tha Dusiintne
J cackays must be derared based on a arral resstance of 10U C/W, juncoon-o-ampient 175 C/W for hia molided Duat4rine N packags and 100°C/W for the

Smarf Quttine M package.

Note 3: Human body model, 100 pF discharoed mrcugn a 1.9 k( resister.

Note 4: Pinout numpers for the DAGIS0X reresent ine Dualdn-Line cackage The Smait Cutling packags pn-out differs from the Dua<n-Une packaca

Connection Diagrams

TL/W/56EE-13

Dualkin-Line Package
cml"‘l_:;!:gt:_l - U l'_comnsum

ToTr'—!' ivqm-x

oy ] L’-‘-Vum
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wsp 81 =2 TP

2 Y

81 e .26
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Top View

.

Small Outline Package

See Ordering Information
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Typical Performance Characteristics

Fuil Scale Current Reterence input
vs Reference Current LSB Propagation Delay V8 Igs Frequency Response
v L1 » "
s -h"uuT”qui - + fll’: 10 FR1IA<AISa e & : +
Z AtLBTSHGH ! iw per stacose 4 ;
- s LK £OR - Z o™ Lt 8 ¢ Laeas-on g—- -—n--{i
z YIS Eag % e ! 1T ! = ¢ Pyasov + $
g ! * H 5.1 i 2 ¢ | -
] T 2 I ) £, T 1 ; |
e 3 T = m: Ty i -2 N
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Curve 1: Ce—15 oF Viu—2VYpp
centemd at 1V
- . Curve Z G; =15 oF, Vi — 30 mvpo
oentared at 200 mv.
Curve 3 G0 pF Vi~ 100 mve5
a 0V and aoghed througn S0 1 con-
nacted to pin 14 2V aocied to R14
Reterence Amp Lagic input Current
Common-Made Range vs input Voltage Vry — Vic v8 Temperature
4 5
Ta= Vun 70 Taax A 14 "
_. ¥ Fauwtsor 3 AT 2 e ] I
= L. - 2 : v 1
é f“ E ¢ - T 1
g 4 £ g 13 i !
= 4. 2 = I M
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Output Current vs Qutput
Voitage {Output Veltage Quiput Voltage Compliance Bit Transier
Compliance) vs Temperature Charactieristics
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Typical Performance Characteristics (contnueq)

Power Supply Current
vs I ¥
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Typical Applications (contnuea)

QIRITAL NPYTS

Lod [Xed
Bt B2 g3 E4 A8 A3 M) £

TV¥Rer 255
Fpaer 438
Ip ~ 13 = lggfor a1
logic statas i

For fived reterance TTL oceraticn.
typicat vaiues v e
Vage - 10000V
Fazp - 5000k
R15 = Apgr

G = D01 pF
Ve ~ OV (Ground

lgg =

TL/H/ 56565

FIGURE 3. Basic Pasitive Reference Operation (Note 4)
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AN~} 14

g

R
|3 S
nrs

= Llea

FIGURE 4. Recommended Full Scate Adjustment Circull

(Note &)

LM/ BE6=21 L VYo
P,

TL/H/5626~15

Note Hagz setsicg; R15is
for bias current cancstlation

FIGURE 5. Basic Negatlve Reference Operation (Note d)




Typlcal Applications continusa)

LA YT

s 58
oate) Mgy M AT M ty

Iy * 2 MA Cnemmnd
B —n 8617
B1 B2 B3 B4 B5 B6 B7 BS|lpgmA|lgmA  Ep Eo
Full Scale Tt t 1 t 1 1 1}1892]00007i-3880] 5.00C
FullScale~=LSB [ 1 1 1 1 1 t 1 0 ]1.984]0.0081-3920]~0.040
HalfScale+LSB |1 O 0 0 9 © O 1 |1.008 0984 —5c40|—4920
Halt Scale 1 0 0 9 C 0 0 010000932 —Z2500|—4960
HalfScale=tSB |0 1t t 1 1 1 1 1 /0992|1000 -4550|~-5.000
ZeroScale+1SB|{ 0 © O © 0 O O t|00C8]|1984:-2240]-3.920
Zero Scale 0 0 0 © 0O O © O0]0000| 18927 2230 |—5.960
FIGURE 6. Basic Unipolar Negative Operation (Note 4)
“itgr ® 2 A Qe
“LAHRREE-T
B1 B2 B3 B4 BS Bs B7 B8| Eg Eg
‘Pos. Full Scale Tt 1 1 1 1 1 1]-9820 =12.000
Pos.FultScale—LSB{ 1 1 1 1 1 1 1 0| —584C —3320
ZeroScale+1S6 |t 3 0 0 0 G O 1| —0080 -2.180
; Zero Scale 1 2 0 0 € 08 5 0] 0000 ~—3080
! ZeroScal—LSB [0 1 1 1 1 1 t 1] +008 2200
iNeg. FullScale +LSB{ 0 D 0 0 0 0 0 1| +9.92C =-3.840
!
iNeg. Full Scale 0 0 0D 0 0 0 0 O!+10.000" —3.82¢

FIGURE 7. Basic Bipolar Output Operation (Note 4)
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FIGURE 8. Symmetrical Otiset Binary Operation (Note 4) !
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Typical Applications conunueq)

DACS3I0

For complementary output {operagon as negative logio DAG), conast: jmed-
ing input &f oo amo te T (gin 21, connect o (zn 4) to ground

FIGURE 9. Positive Low Impedance Ouiput Operation (Note 4)

Ry,
e AAA ey
Eg

b 0TO = hpg - Ry

: 255 )

FS & >— IREF

= 256 - 26-18
7558620

For complamentary output (cperation as & negative logic CACH connact r.n-
varting inout of 60 am to i (pn 23 onnect ig (pin 4) 2 ground.

FIGURE 10. Negative Low impedance Output Operation (Note 4)
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Hota D0 not excead neniive Ingic input rangs of DAG
FIGURE 11. Intertacing with Various Logic Families
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Typical values Py — 3K, = fy — 10¥

FIGURE 12. Puised Reference Operation (Note 4)




Typical Applications contnueq)

(a)lger > peak negative swing of Iy

"iagr
! , (1) + VRer must be abave peak positive swing of Viy
REF
J Rerr
T gy QAN et 14
y
#1% SACIEN
CPTIONALL
Yin —my—  OmmAAN— 1§ -
HGH 1RPUT L Fer A1
DACSENY IMPEBANCE
TL A RE6=12
TLIH/5686-11
FIGURE 13. Atcommadating Bipolar Reterences (Note 4)
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FIGURE 14. Settling Time Measurement (Note 4}
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Typical Applications (contnuse)
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FIGURE 15. A Complete 2 us Conversion Time. 8-Bit A/D Converter (Note 4)
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Molded Duat-in-Line Package
Order Numbers DACO0800 or DACQ802
NS Package Number J16A
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General Description

The LF351 1s a low cost high sceed JFET incut ooerational
amciitier with an nterally tnmmed ncut offser voltage
(BI-FET 1™ technology). The device requires a low supply
current and yet mantans a large gain canowacth proauct
anc a fast slew rate, In accihon, well matchea high voltage
JFET input devices provide very fow input Bias ana ofiset
currents. The LF3S1 is pin comopatible with the standard
LM741 and usas the same offset voltage adjustment cirout-
ry. This feature allows designers to immeciately uograde the
overall performance of exisung LM741 cesigrs.

The LF351 may be used in apphcanons such as high speed
| integrators. fast D/A converters. samols-and-hold circuts
and many other crrouns reéauiring low nput otiset voltage,
low nput bas current, high input impgedance, high slew rate
and wide tandwiath. The dewvice has low noise and offset
voltage driff, but for asplications where these reourements
are cnhical, the LF388 1s recommended. It maxmum supply

ﬂNational Semiconduc

December 1995

cfor

LF351 Wide Bandwidth JFET Input Operational Amplifier

current 15 imoortant, however, the LF2E1 s the betler
chaics.

Typical Connectlon

~Veg

Features
® Internally tnmmea offser voktage 10 mv
& Low input bias current SO pA
= Low input noise voltage 25 nV/vHz
8 Low input nose current D.01 pA/vHZ
® Wide gan tanowidth 4 MHz
B High slew rate 13 V/us
8 Low supply current 1.8 mA
@ High nout 'mpedance 10120
B Low total harmonic distoriion Ay= 10, N0.02%
Ry = 10Kk. Yo=20 Vo-0. BW =20 H2-20 kHz
® Low 1/{ noise comer 20 Mz
B Fast setthng tme to 0.C1% 2 us
Simplified Schematic
e © o

Yo

INTERNALLY
TRINMED

FHEFRSLLY
TRIMMED

“he ©
“L/H/E48-11
TU/H/5648-12
Connection Diagrams
Duakin-Line Package
3 S 3 B
BALANC T —— e nC

2 7. - —
I.";‘}T — ——

3 5
INPYT ——] — ourput

¢ 5

¥ e = BALANCE

TL// 554810

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

~ 155% hanonal Semcohcua v Cooraen TLIIVESAS
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Absolute Maximum Ratings

i Mititary/Aercspace specitied devices are required,
please contact the National Semiconductor Sales
Office/Distributars 1or avaliability and specHications.

Suoply Voitage 18y
Power Dissipation (Notes 1 and 61 370 mwW
Ogeranng Temperature Range *’Clo +70°C
T](MAX) t15°C
Difterentiaf Inzut Voltage £3CV
Input Voltage Range {Note 2) 18V
Outaut Short Circurt Duration Continuous

Storage Temperature Range —35°Clo +150°C
Lead Temp. (Scidening, 10 sec.)
Metal Can 300°C

o 280°C

9ia
N Package . 120C/w
M Package T80
Soldering Information
Duatin-Line Package
Soldening (10 sac.} 230°C
Small Outine Package
Vaoor Fhase (60 sec.) 218°C
Infrared {15 sec.) 2z20°C

Seg AN-450 “Surface Mounting Methocs ano Therr Effect
on Proouct Reliability” ‘or other methoas of soldenng sur-
face mount devices.

ESD rating 1o be getemuned.

DC Electrical Characteristics potea

3s
Symbot Parameter Conditions 2gIs1 Units
Min Typ Max
Vos Input Otiset Voltage Rg = 10k, Ta = 25°C s 10 mV
| Over Temeerature 12 mv
AVag/AT Average TC of Input Offser [ Rg=10k )
| 1 {0] 5V /0
Veltage
fog Input Offset Current T, = 25°C. (Notes 3. 28 1C0 cA
T; 7¢°C 4 rA
s Input Bias Current T, = 25°C, (Notes 3. 9 52 2060 oA
T, . *272°C 8 rA
Rin Inout Resistance T,=25C 1072 I
AvoL Large Signal Voitage Gan Vg= =16V, Tp=~25°C 25 160 [ V/mV
Vo= £1CY A =2k
Over Temperature 15 vimyv
Vo Output Voltage Swing Vg = > 15V, Ry = 10k2 +12 +13.5 v
Vem Input Common-Mode Voftage +1& v
Range Vg= £15V 11
—12 v
CMRRA Common-Mode Rejection Rauo Rg- 10k 70 189 3B
PSRR Supply Voltage Rejection Ratio (Note 23 70 100 B
Ig Suppty Current 1.8 3.4 mA




AC Electrical Characteristics o 3)

F351
Symbat Parameter Canditions LF3s Units
Min ! Typ Max
SR Slew Rate Vg= £ 18V, Ty =25°C 12 V/ius
GBwW Gan Bandwiamh Frocua Vg= £ 15V, Ty =~25°C 4 MHz
eq Eguwvalent Input Norse Voltage Ta=25°C. Rg=~ 10012, 25 v/ 3
. f= 1000 Hz
" |__Equwalent Incut Noss Current Tj=25"C, f=1000 Hz oo pA/TE
Note 1: For oo g a0 1evased tar @ dovice must be dorared bassd on NG themal resistance Pra
Note 2 Unfess ~twrwiss mMad tha zoesits og noUt voitags is equal to the negative cowsr $.Loly voltags.

Note 3: Thase sgaciicativns acpiy for ¥5—z15Y and OCuT, . - 707G, Vo, 1g and g are measured at Yru—-o

Note 4: The nout bias curents ars juncazn |2aKage CUMANS whith acprovimately doubie for avary 10°C increass nma pnction tamperature T, Oue D the fimited
Sroduction test tre: the Nput tias currants measured ard corralated to 1UNCTIEN tBMperatie. |n nG!Mal gpEralion T function taMEerature nses abovs the amblent
tSMosralure as 2 result of intamal fowsr dswoation. Pg T)=Ta—8i Pp whera @ is tha themal resistance %2m uUncton to ambisnt Uss of a hsat sink s
recommended If inout bas curent s 13 te A3  a minmum,

Nate 5: Sucply veitage rejection rato 1s rass._-ed for bath SuBply Magnitlidas increasing of decreasng simultanac Siv n aceordancs With corman pracoca From
E 10 £33V .

Note 8: bax. Powsr Dissicason i detingd o7 T ackaga charactensacs Cparanng the part nsar e Max. Pwex Dissication may cause ~a partto noefata
Cersdde guaranised Imns




Typical Performance Characteristics
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Typical Performance Characteristics (continuea)
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Pulse Response

Small Signat Inverting

OUTPUY VOLTAGE SWING (50 mv/DIV)

TIME (02 ,5/D1V)
TL/H/5B48=4

Large Signal Inverting

QUTPUT VOLTAGE SWIRG (5V/DIV)

TIME (0.2 pe/DIV)

QUTPUT VOLTAGE SWING (B0 mV/DIV)
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Application Hints

The LF351 15 an 0o amp with an internally mmmed nput
oftset voltage and JFET nput devices (BI-FET 1™), These
JFETs have large reverse treakdown voltages from gate o
eowrce and drain elimmating the need for clamps across tha
mouts. Theretora, large ditterential input voltages can easity
be eccommodated without a large increase m nout current.
The maxmmum differential input voltaga 15 mfecendent of
the supply voltages. However, nerther of the ingut voltages
shoukd be allowed to exceed the negative supcly as this will

cause large Srrerts 1o dow which can resdt . & Sesroyed
undt,

Exceeding the negative common-mode kmit on erher nout
will forca the output 1o a hgh State, gotentally carsng a
reversal of phase 1o tha oufput.

Exceeding the negative common-mode kmd on both mputs
will force the amplifier output 19 a fugh state. In nesther case
does a latch occur since rareng the meut back withm the

o




Application Hints continue

common-mode range agam puts the input stage and thus
the ampifier in a normal operating mode.

Excesding the positive common-moas kimit on a single input
will not change the phase of the output; however, i both
inputs exceed the limit. the output of the ampffier wil be
{orced to a high state.

The anmpifier will operate with a common-moda nput voit-
age equal to the positive supply; however, the gain band-
width and slew rate may be decreased in this conditon.
When ihe negative common-mode voltage swings to within
3V of the negativer supply, an increase in neut offset voltage
may ocecur. .
The LF351 is biased by a zener reference which allows nor-
mal crewt operation on £4V power supolies. Supply vott.
ages kBss than these may result in lower gan tandwitth and
slew rate.

The LF351 will drive 2 2 k{2 load resistance to £ 10V over
the full temperature range of 0°C to +70°C. i the ampfifier
s forced to drive heavier foad currents, however, an in-
crease in input offset voltage may occur on the negative
voliage swing and finafly reach an active current €mit on
toth posdive and negative swings.

Precautions should te taken to ensure that ihe power supply
for the integrated crcut never becomes reversed in polardy
or that the unt 1S not inadverientty installed back-

wards in a sockst as an unfimitad current surge through the
resuiting forward diods within the IC coud cause fusing of
the internal conductors and result in 2 destroyed unit.

As with most ampliflers, care should be taken with lead
dress, component placement and supply decoupling in of-
der 10 ensure stabifty. For example, resistors from the out-
put to an input should be placad with the body close to tha
input to minimze “pick-up” and maximeze the frequency of
the feedback pole by minimizing the capacrtance from the
nput 1o grouna.

A feeaback pole 1s created when the fesdback around any
amplifier 18 resistive, The parallel resistance and capaa-
tance irom the mnput of the device (usually the inverting m-
pul) o AC ground set the feausncy of the pole. In many
instances the frequency of this pole is much greater than
the expectea 3 oB frequercy of the closed bop gain and
consequently there is negligible effect on stabilty margin.
However, it the teedback pole is less than approximately 5
times the expectea 3 dB frequency a iead capacitor should
be piaced from the output 1o the input of the op amp. The
vafue of the added capacdor shoud be such that the RC
time constant of this capactor and the resistance d parallels
18 greater than or equal to the original faedback pole time
constant.
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Typical Applications

Supply Current Indicator/Limiter

&
.v.f,. o TO SYSTEM sUPPLY
v -
_V VOLTASE CORNECTION
‘s
+ U
v
st x b ¢ Vour
- 10 CONTRIL CIRCUITRY

v
* Vout swicnes ngnwhen Rgls -~ Yp

Ultra-Low (or High) Duty Cycle
Pulse Generator

mne a1

1vand b2
0——”-—-—4/\!\:—0—0 oureuT

® touteuT nah = RIC rndl-2s
48— Vg
Vg =78
= R20 7 0 P
* toutPuT LOW '“‘.'SJTB’
wnaBs Vg ~ V- ~ [V |
“low isakage capacitor

RESET

INTESAATE

Hi-Zyy Inverting Amplitier

]
i1

L4

a2

—AAA

Parasitic input capactanca C1 - (3 pF for LF351

plus any layout caf
with feadback siements and creates undesrable
high frequency pola To comgx , add C2 such

that A2C2 ~ R1GY,

Long Time Integrator

*Low leakags capactor
© 50k pot usad for [ees sonstrve Vog adust
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NM27C256

General Description

The NM27C255 is a 258K Electrically Programmable Read
Only Metmory. It is manuiactured in National's latest CMOS
split gate EPFROM technology which enables it to operaie at
speeds as fast as 120 ns access time over the full operatng
range.

The NM27C256 prowndes microprocessor-based systems
exiensive storage capacry for large portions of oceraung
system and application software. fs 120 ns access tme
prowvides hugh speed oceration with tigh-performance CPUs.
The NM27C256 offers a s:ngle chip solstion for the coca
storage requirements of 100% firnware-based equapment.
Frequently-used software routines are quickly execusd
from EPROM siorage, greaily enhanaing system utility.
Tha NM27C256, is cortigurea in the standard EFROM cn-
out which provides an easy ucgrade path for systems whch
are currently using stancard EPFROMs.

ﬂNational Semiconduc

Decener 1963

ctor

262,144-Bit (32K x 8) High Performance CMOS EPROM

The NM27C256 is one member of a high densty EFROM
Farmity which range-n densiies uo to 4 Mb.

Features
u High pedormance CMOS
— 120 ns access time
® JEDELC standard pin configuration
— 28-pin DIF package N
— 32-pin chip carner
& Drop-in replacement for 27C256 or 27256
# Marnutscturer's identification code

Block Diagram

Yoo O—
GHO O—» DATA DUTFUTS Gy =0,
Varliwaki
% CUTPUT FHAS F
ARD CHIP ouTPUT
TE/FT ENABLE LOGT ’ BUFFERS
& —
> Y (]
> DECOLER . ¥ GATING
> ]
AJ=Al4 | memmapd —
ADORESS | ——f ]
HPUTS | e .
b
—] t . 262,144~ 01T
> DECCOER é CELL maTRX
—*‘
[ ]
L >
TL/D/10333-1
/
TREGTATE? @ 4 o3 o Noons
HRCT4B 2 o Nattva) >
1555 N " 010033 ARBEICMES P 0L S A

INOHd 3 SOIND aduswiolIadg YBIH (8 X WZE) UG-PY1°29Z 952D 22NN
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Connection Dlagrams

27c0%| 27C040{27C020{27C0 10] 27C5 12 oip 27C612 | 27C010|27C020 | 27C040 | 27CO80
A10 | XX/ Vpp{ XX/ Vpp | XX/ Vpp NM270256 Ve Voo Veo Ve
A8 | A18 | A16 | A8 <~ DOUPGIAXX/PGM  A18 | A18
A5 | A15 | A15 | A5 | A5 — YOt 28 ey Vee | XX | A17 | A7 | ar?
A12 A2 | A12 | A2 | A2 — 2032 27 ALY ——— Ald Ald Atd Ald Ald
A7 A7 A7 A7 A7 — A3 6 M — A13 A13 | A13 A13 | A13
a5 | a5 | a8 | a8 | A — s« 2538 —— A8 | Ae | a8 | a3 | ae
A5 | a5 | as | As | a5 — a5 24349 —— A9 a9 | ap A | a8
Ad ad Ad Ad Ad — M6 BRI — Al A1t | AN At1 A1
A3 A3 A3 A3 A3 — g7 22 LIE e [CEVep| OF []-4 TE 1TRVpp
A2 A2 A2 A2 A2 — (]2 23A10 ~—— A0 | A0 | A0 | At0 | at0
At At At A1 At — a9 20 T/~ CE/FGM T CE [CR/FGMCE/PEN
AD AD AQ A0 AD — 10 18307 —— o7 o7 o7 or o7
oo co | oo | oo — oot n 12108 —— 08 08 o8 o6 o8
o1 | ot { ot | o1 | o1 — o2 178308 —— o5 | 05 | 06 | 05 | ©§
02 02 c2 02 c2 — o213 16 {04 —— ca 04 o4 o4 o4
GND { GND | GND | GND | GND — aoC]1s 1508 ——— 03 03 03 o3 ; 03
TL/O/10333=-2
Note: C EPRDM pn S ar@ shown in the Kocks adacent (o tha NM27C256 pms.

Extended Temp. Range (—40°C o F85°C)

Commercial Temp. Range (0°C to +70°C)

Vee

SV £10%

Vee

5V +10%

Parameter/Order Number Access Time (ns) Parameter/Qrder Numher Access Time (ns)
NM27C256 Q,N. V 120 120 NM27C258 QE, NE, VE 120 120
NM27C256 Q, N, V 150 150 NM27C255 QE, NE. VE 150 1E0
NMZ27C255 Q, N, V 200 200 NM27C256 QE, NE, VE 200 200

Note: Surface mount PLCC packaga avasatie for commeraiat ¥nd extended

Military Temp. Range (~55°C to +125°C) temparature ranges only.
Vee 5V £10%
Parameter/Order Number Access Time (ns) Package Types: NM27C256 Q, N, V XXX
Q ~ Quariz-Windowed Ceramic DIP
NM27C256 QM 150 150 N — Flasuc OTP DIP
NM27C256 QM 250 250 V — Surace-Mount PLCC
¢ Al packages conform to the JEDEC standara
* Al versions are guaranteed to function o slower
speeds.
PLCC
£ -!'" >g.' 2 :v3 :' -2.':
-Pin Names | T T O
4 3 27 - 32 3130
Symbaol Description 45 29f= s,
AC-Al4 Addresses 5—{€ 2B
CE Chip Enacie A7 274
OF Output Enatle i b = —N_c
p n—{9 -3
0-~07 Outputs PO P 26} A
FGM Program ag—{11 23}~ ceseou
XX Don't Care {dunng Read) NC =412 22p=- 0,
0 —{13 2 p=g
14 15 16 *7 18 13 20
BRI
- T2 2SS
<
TOD TIVCEN-3
)




Absolute Maximum Ratings mote 1)

H Miitary/Aerospace specified devices are required, ESD Protection + 2000V
ptease contact the Natlonal Semiconductor Sales All Output Voltages with |
Otice/Distributors for availability and spectlications. Respect 1o Ground Vgo + 1.OVIo GND 0.6V
Storage Temperature ~65°Cto F150°C
All input Voltages except AS with Operating Range
Respect to Ground ~0.6Vio +7V
Ti 17
Vpp and AS with Respect Range emperature cc
to Ground ~0.7Vio +14V Comm't 0°Cta +70°C W5V +10%
Vee Supply Voltage with Industrial —40°C o F85°C +5V £10%
Respect to Ground ~ 0.6Vio +7v -
Mifitary —E5°Cto +125°C ASV £10%
Read Operation
DC Electrical Characteristics over operating Rangs with Vpp — voo
T
Symbal Parameter Test Coaditions j Min Max Units
Vi Input Low Level ~0.5 0.8 v
Vi Input High Levet 20 Voo F 1 v
Vor QOutput Low Voltage o — 21 mA .4 v
VOH Output High Voltage IoH — —2.5 MA 3.8 v
1581 Ve Standby Current CE — Vep £0.3V 100 A
(Note 11) (CMOS) w
Isg2 Vo Standby Current {TTL) CE - vin ! 1 mA
oot Vo Aptive Curent CE - OE — vy, t — SMHz a5 mA
TTL inputs Inputs - Vigor Vi, I/0 — OmA
fpp Vpp Supply Curent Vpp — Voo 10 nA
Vpp Vpp Read Voitage Veg — 0.7 Veo v
Iy Input Load Current Vin — 5.5V or GND 1 —1 1 uA
o Output Leakage Current Vout ~ 5.5V or GND i ~-10 10 nh
AC Electrical Characteristlics over aperating Range with Vpp — v
Symbol Parameter ! 120 ja2 s Units
Min Max Min Max Rin Max fhin Max
tacc Address to Output Deiay 100 120 150 200
tcg TE to Output Delay 100 120 150 200
fos OE to Output Detay 50 . 50 50 50
e Output Disacte to A ns
2 3 4
{Note 2) Output Float % 5 ¥ %
OH Quiput Hold from Addresses,
(Note2} | TEo OF, 0 0 ¢ 0
Whichever Occurred First | . _ .




Capacitance 1, - +25C,1 — 1 MHz (Note 2)

Symbot Parameter Conditions Typ Max Units
Cn input Capacttance VIN — OV 8 12 pF
Cour Output Capacitance | Yoyt - OV 9 12 of
AC Test Conditions
Output Load 1 TTL Gate and Input Pulse Levels 0.4510 2.4v
Cy - 100 pF (Nota 8) . Timing Measurement Reterence Level {Note 10)
input Rise and Fall Times Z85ns Inputs 0.8V and 2.0V
Outputs - 0.8V and 2.0V

AC Waveforms (notess, 7 andg)

¥
ADORESSES  220M ADDRESSES YALID o X
27
Pt wm p————ccmmmy
20V \
ce o8v {4 l -
lo—'c: —] MOTES 4.5
OF 20v \
Ot 0.8v ; : /
tog tor
~ (NOTES) [T D “pwots s
20V | Hi~Z 37 Hi—Z
CUTPUT o] VAUD QUTPUT
N tace i { 4
{NOTE 3) -
TL/BH0B33—
Nate 1: Sresses above those listed undar “Absciute Mawrmum Ratings'’ may cause permanent damage to the device. This is siress rating only and functional
operation of the devics at these or any other conkitions above thoss nthe of thes sp ig not impiied. Exposure to absoluta
ratng tor periods may affect gevice reliablity

Note 2 This parametar i caly samoiad and i3 nct 100% tested
Note 3: UE may be dsayed up 1o tace ~ tog after tia falling edga of U without mpacting tane.
Note 4: The Ior and TTF compare level 1S detemined 23 follows

High 1o TRISSTATE?, the measurad Voy3 (OC) — 0 10V,

Low to TRI-STATE, tha measurad Vor 4 (OC) < 0.10V

Note S: TRI-STATE may ba attained using UF o TE.

Note & The power swictung charactenstics of EPROMs requre carsful device decoupiing. it is recommandad that art@ast a 0.1 pF ceramc capactor be used on
every davce between Yoo and GND.

Mote 7: The cutputs must be reenctad to Voc B 1.0V to avotd latch-up and devics damage.
Mots & TTL Gatwr Iy, — 1.6MA iy — —400 gA.
Gy, — 100 pF includas fixture capactance.
Note 5 Vpp may be comnactad 1o Ve except during programeming.
Note 1&: Inputs and outputs ¢an undarshoot to —2.0V for 20 ne Max.
Note 11: GMOS inguts: Vy_ — GND 203V, Vi, Vg 0.3V




Programming Characteristics iotes 1. 2.3. 1ana 5)

Symbol Parameter Canditions Min Typ Max Units
tAs Address Setup Time 1 us
1ces OE Setup Time 1 us
tvps Vpp Setup Time 1 us
tvcs Voo Setup Tine 1 ns
tos Data Setup Time 1 us
taH Address Hold Time 0 us
toH Data Hold Time i us
ioF Ouiput Enable to Output TE - vy 0 a0 s
Float Delay
tow Program Pulse Width T 100 105 us
tog Data Valid from OE [ 100 ns
pp Vep Supply Current CE - viL 20 mA
dunng Programming Pulse

Isc Vg Supply Current £0 mA
Ta Temperature Ambient | 20 25 30 °C
Voo Power Supply Voltage ‘80 6.28 8.5 v
Vep Programming Supply Voitage 12.5 12.78 13.6 v
tER Input Riga, a8 Tims 5 ns
ViL Input Low Voltage 0.0 0.45 v
Vi Input High Voltage 2.4 4.0 v
N Input Timing Releranca Voltage 0.8 2L \
touT Output Timing Referenca Voltage i 08 2.0 v

Programming Waveforms wote 3

IROCRAN ) §

PROGRAS YERIFY i
e 7% N 241
aooResses 71 N DORESS » ” ]
'
43 ]' tan) b
GaTA e o b Erme di=1 = T SR BLE z
v, ] 2°CH 100 M
167 .l i Gaaae
s b le—odtor
i
o 625 4
« Yes '
o 127%Y 7 <%
i “es i
i ol G
T s g
B
potegge] bt — .
= v 4
O g !. S / - -
TL/L/ 835
Hote 1:Natonal's standard product warranty appiies to dewces pxog -3 heran

Note 2 Yo must be applied simuftanacusty of bafors Vpp and removed simaanacusly of atar Vpp. The EPROM must not be nearted into o ramoved from 2
toard wih volage azpied 1o Vep o Voo

Note 3: The mexmmum aboiuts allowadie voitage wiuch may be appiiad to the vee pin during programmag Is 14V. Gare must £8 taken whan swtching the Voo
sipply to prevant any trem g this 14V Atteast a 0.1 xF capactor @ RQUired acTess ¥ep, Veg 5 GND to suppress
spuncus voltags trangents which may damage the device.

Note 4 Programming and program verfy are tasted wiith the Fast Program AlGUrTan. at typacal Sower supply voages and timnga.

Mote §: Dunng powsr up the FGM pin must be Drought Nigh (2 Yy 1) elher concdent wih or bafore power @ agpiied to Von,




Fast Programming Algorithm Flow Chart

START

Veg 36.25V
e
Vpp = 12.75V

’-—’(Psaocuu ONE 100 gs PUIJD
INCREMENT %

<
&>

o
DEVICE
FAILED
PASS
YEs
Yoo =Vpp = 5.0V 2 5K
&
- CEVICE
- FAILED
PASS
TL/D/ 1080
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Functional Description

DEVICE OPERATION

The six modes of operation of the EPROM ae §sted in Ta-
bia 1. It should be noted that afl inputs for the sx modes are
at TTL ievels. The power supplies required are Voo and
Vpp The Vpp power supply must be at 12.75V dunng the
three programming modes, and must be at SV 'n the other
{hres modss. The Vg power supply must ba at £.25V cur-
ing the three programiming modes, and at 2V n the other
three modes.

Read Made

The EPROM has two controf functions, toth & which must
be logically active in order to ottain cata a e outputs.
Chip Enable (CE/PGM) is the power control anc should be
used for device selection. Output Enable (OE) ;5 the output
control and should be used 1o gate data {o the sutput pins,
independent of device selection. Assusmng thas addresses
are siable, address access tme (tanc) is ecual 12 the delay
from CE fo output (icg). Data is avaiable at the oulputs tog
after the faling edge of OE, assuming that CE/PGM has
been low and acdresses have been stable for a1 least tacc—
foe-

Standby Mode

The EFROM has a standby mode which recuses the active
power dissipation by over 89%, from 385 mW 0 0.55 mW.
The EPROM 1s placed in the standby moce Sy applying a
CMOS high signal to the CE/PGM input. When i standoy
mode. the oulpuls are v a high impedance s:xe. mdepen-
dent of the OF input.

Output Disable

The EPROM 18 placed in output disable by scctang a TTL
tigh signal to the OE input. When in output ssaole all cir-
culry 15 enabled, except the outputs are .« a hgh imped-
ance state (TRI-STATE).

Output OR-Typing .

Because the EPROM 1s usually used in large- memory ar-

rays, National has provided a 2-ine control “aection that

accommodates tus use of muftiple memory =cnnectons.

The 2-tine control function allows for:

a) the lowest possible memory power dissicaton. and

u) complete assurance that output bus comerion wil not
oceur.

To most etficently use these two control bnes, 1 s recom-

mended that CE/PGM be decoded and usea as e primary

davice selecting function, while OE be mazs a common

connaction 1o all dewices in the array and correcied 10 the

READ fine from the system control bus. This assures that ali
deselected memory devices are in their low power standby
modes and that the ouiput pins are active only when datais
desred from a particular memory devica.

Programming

CAUTION: Exceeding 14V on pin 1 (Vpp} will damage the
EPROM.

Inttialty, and after each erasure, all bits of the EPROM are in
{he “1's” state. Data is introduced by selectively program-
ming “0’s” into the desirec bit locations. Although only
“0'6” wil be programmegd, both *'1’s” and “0’s” can be pre-
sented in the data word. The only way to change 2 0" to a
“1" is by ultraviolst §ght erasure.

Ths EPROM is in the programming mode when the Vpp
power supply is at 12.75V and OE is at V. It is required
that at least a 0.1 uF capacrtor be placed across Vpp, Voo
fo ground to suppress spurious voltags transients which
may gamage the dawice. The data to be programmed 1s
apehed 8 bits in paraflel to the data output pins. The levels
requred for the address and data inputs ars TTL

When the address and data are stabie, an active fow, TTL
program pulsa is applied to the CE/PGM input. A program
puise must bs appliad at each address location to be pro-
grammed. The EPROM 1s programmed with the Fast Pro.
gramming Algomthm shown in Figure 7. Each Address 1s
programmed with a series of 100 us pulses until it verifies
good, up 1o a maxirmum of 25 pulses. Most memory cells will
program with a single 100 us pulse.

The EPROM must not be programmed wrth a DC signal ap-
plied to the CE/PGM input.

Programming multipte EPROM in parallet with the same
data can be sasity accomptished dus 1o the simplictty of the
programming requirments. Like inputs of the parallel EP-
ROM may be connected together whan they are pro-
grammed wth the same data. A fow level TTL pulss applied
to the CE/PGM input programs the paralleled EFROM.

Program inhibit

Programming multple EPFROMs in parallel with ditferemt
data is also easily accomphished. Except for CE/PGM, ail
ke inputs (including OF) of the paraliel EPROMs may be
common. A TTL low level program pulse appied to an EP.
ROM’s CE/PGM input with Vpp at 12.75V will program that
EPROM. A TTL high tevel CE/PGM input inhibits the other
EFROMs from bsing programmed.




Functional Description continues

Program Verity

A venly should be performed on tha programmad bits to
determine whether they were comectly programmed. The
verity may oe performed with Vpp at 12.75V. Vpp must bs at
Voo except during programmiing and program verty.

AFTER PROGRAMMING

Opague labeis should be placed over the EFROM window
to prevent unintentional erasure. Covering the wingow will
also prevent tamporary functional failure due to the genera.
tion of pholo currents.

MANUFACTURER'S IDENTIFICATION CODE

The EPROM has a manufacturer’s identification cods (o aid
in programmmng. When the davice is inserted in an 8°PROM
programmer socket, the programmer reads the code and
then automatically calls up the spaafic programmng aigo-
nthm for the part. This automatic programming contiol is
only posaibie with programmers which have the casability of
reading the code.

Tha Manutacturer’s Icertification code, shown m Tabls I,
speaiically identifies the manulacturer and device typa, The
code tor NM27C256 is “'BF04", whare “BF” designames that
1 is mace by National Semiconauctor, and “04” desgnates
& 256K part.

The coda is accessed by applying 12V £0.5V to address
pin AS. Addreassas A1-A8, A10-A16, and af controf pins
are held at V. Address pin AD s heid at Vy for the manu-
facturer's code, and held at Vgy for the device code. The
coce is read on the eight data pins, Op-0y. Proper code
accses 15 only guaranteed at 25°C to @S5°C.

ERASURE CHARACTERISTICS

The erasurs charactaristics of the dewvice are such that era-
sure begins fo occur when expoged to ight with wave-
lsngths shorter than approximately 4000 Angstroms (A). #
shoula be noted that sunfight and certain types of flores-
cent lamps have wavelengths in the 3000A-40004 rangs.
The recommanded erasure procedurg for the EFROM is gx-
posure 1o short wave ultraviolet §ght which has a wave-

langth ot 2537A. The integratad dose (is., UV intensity X
exposure fime) for erasurs should bs a mmimum of
15W-sec/cme.

The EPROM should be placed withn 1 inch of the famp
tubes dunng eraswe. Some lamps have 3 tiller on ther
tubes which shoud be removed before erasure. Table il
shows the memum EFROM erasure time for various light
intensrtias.

An erasure system should be calibrated periodicafly. The
distance from lamp to dewvics ehould be maintained at one
inch. The eramwe time increases as the square of {he dis-
tance from the bamp (jf distance is doutied the erasure time
increases by factor of 4). Lamps loge mtensity as they age.
Whan a lamp is changed, the cistance has changed, or the
tamp has aged, the System should be chackad to make car-
tain full erass 18 occurring. Incomplete srasure will cause
sympioms that can bs ieading. Progr B, COMPO-
nents, and even system cesigns have been erronecusly
suspscied when incompiste srasure was ths protiem.

SYSTEM CONSIDERATION

The power switching characteristics of EPROMs require
careful decounling of the devicas. The supply current, ice,
has thres segments that ars of interest {0 the system de-
signer: the standby curent lavel, the active curant lgvel,
and ihe transient cument peaks that ars producsd by volt-
age transttions on input pns. The magnitude of thase tran-
sient current caaks is dependent of the output capacitance
loading of the davice. The associaled Vg transisnt voltage
peaks can te suppressed by propery salected decouping
capacitors. It 8 recommended that at least a 0.1 uF ceramic
capaaior be used on every davice between Vo and GND.
This should te a high frequency capacitor of low inherent
inductance. in addilion. at least a 4.7 xF bufk electrolytc
cagacitor should be used between Voo and GND for each
eight devices The bulk capacitor should be located near
where the power supply @ connected to the array. The pur-
pose of ihs bulk capacitor s to overcoma the voltage drop
caused by tha nductive etfects of the PC board traces.






