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Tﬂsaawuﬁlﬁunwiaanunu-afnuLﬂ%ﬂada-tﬂéaafu PCM (PCM transmitter and receiver)
Lu1Lﬁunw1ﬁnvwszuuﬁaaﬁfuiaTnsauuwanuasLﬁuﬂuuuun%auuanﬁanavﬂawﬂ1ﬂatvnunawmﬁna
(multi-channel) luTeyy PCM uazuﬂaﬁnuuuaﬁuﬁﬂnawnﬁaLﬁanﬁfuatﬁﬂu (distortion)
vavigatunsdadagniimadeludnsena sdgg aauiann (analog communicetion) Ry
My (noise) AlfufauntouflonfonatevaanhiAaiuld tdy  AnuBmmnlumsdasedy
(quantizing error) (fudu 497871 (massage) ﬁﬁaanwsdaﬁaLﬁuﬁmmnmauwaaﬂ (analog
signal) axgnin1TaudIag1y (sempling) datedu(quantizing) wayifr1d (encoding)
tﬂuﬁmqwmﬁﬁﬂaa (digital signal) TufﬂuuquQLaﬁsﬂuaaa 8 in (8-hit binary code)
qwnuunﬁnﬁsdeaaﬂ1ﬂuuuaun1n (serial) nwunwﬂsnﬁqun1n71naﬂsna (decoding) 28nA°
ﬁquu3q1aﬁmmnmtawnunqwnnwﬁfu (analog output signal) 1u7ﬂuuuﬁ1nazﬁaen?nawqua
1ﬁ11tnuaunuﬁmmwmauwaannnaqnwideuq (original analog signal)



Abstrac?

This thesis is design and product the PCM transmitter and
receiver. That is education about the communication and teleccmmuni -
cation or multi - channel. The PCM have accuracy more than analog
communication. We can be prevent to noise or concession to do,such as
quantizing error and ect.. Sampling signals sent to output by analog
signals or messages. It is quantizing and enceding to digital signals.
A digital signals shown in the 8 - bit binary code. It sent to the -
receiver by serial circuit and it is decoding to output circuit.

Output signal will have waveform as input signal as.
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PGM (Pulse Code Modulation) Lﬁuanﬁaaqsuuuﬁ%aaa (digital communication)
Taggrrurddnluguirinig (messarer auifufggraaunaen (analog signal)

foundadamaTav 20 msdidguidny (speech signal) 1u§ﬂuuuﬂae analog
transmission (Hufumneautuaedasms . Sanmouasinalyladluasety Aourauaefisgn
fufasenriaTanaded 2l fidndaunsantduimanuanlaninn  duadrfeannu duldld
ﬁqe1ﬂ%§nwsnwaﬁ%ﬂaaﬁwnfunwsdqﬁmmwmtﬁaagﬂ (speech signal) winiluadedugeldfiann
lﬁ%@ﬁ?aﬂﬁﬁlﬂéﬂuuﬂﬂﬁnﬁdﬁﬁu digital electronics uay computer ynfndeidufiaaty
1ufl a.a. 1926 1ﬁ§nw7LauaﬁﬁnwsﬁazaanLﬁauuuuﬁmmwm (facsimile signal) 1ag P.M.
Rainey %qaéﬁu Western Electronic Company wuAWadtutati1n ldfvarnanlaiiiaslosia

PCM 1ﬁqnﬁaﬁuu%aﬁnLﬁﬂﬁﬂﬁnéﬁuiuﬁ a.d. 1939 Tag Sir Alec Reeves  Foluasieiuien
Lﬁuﬁmmﬂwiwﬁaaﬂﬁﬁﬁnw (laboratory)  49% International Telephone and
Telegraph Compeny (ITD luiseindddeiea vl finafantrdudaadne (sempling)
ﬁmmwmauwaan (analog signel) uagmTLinTda (coding) Awauiian (emplitude) vavily
qwmﬁéumamm (sample) ’lmﬁuﬁcwmﬁaﬁmwume (binary number pulses) ud?¥eds
Yad (pulse) %aan1ﬂuuuaun1u (serial transmission) ﬁza?aa1n¢unﬁn11af1a§mmwm
ﬂuﬁaﬁnﬁznﬁaunuﬁﬂmwmﬂuﬁwtuﬂ (originel analog signal) lagafreanniiad (pulse)fify
Lﬁwuw '

‘anandnlddn pou ﬁuaﬂﬁudvuﬂssnauuﬁn 3 1l

1. MTduatne  (sampling)
2. n7daTedy  (quantizing)
3. M7 (coding) e
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1uﬂagﬁuﬁﬁnns?ﬂszuuﬁ%waaﬁuaéwanﬁwqﬂawa datly CCITT (Internationsl Telegraph

and Telephone Consulative Commities) Fefdadwualumisdesns  eow Tdadywyes

St dendy
sewy PoH TunradaTnadud 1 Suthuntundoudnaned a. 4. 1950 uarthanldarududdng
a.A.1960  anrduuavudivdsledres 161 dimafalunisudiymads fusanty anwﬁﬁWﬂaa?u
fastu  vadruunsanidifiy 4 seuuie
1.9v4y 24 channel 1,54 megahit pate 1§~7 bit speech coding 7suu§aanuuuu1
148 w4y 1ocal area network {4funvdwaneluaiudnn
2,76y 30 channel 2,048 megahit rate 1f 6 bit speech coding Feyufldfufy
uwnswgwu1unénﬂssLnﬁnwaquﬂ
3.9¢NY 24 channel 1,544 megabit pate 1% 8 hit speech coding 78Uﬂﬁﬁﬁﬂ¥ﬂﬂﬁ1
AiTnsdudlussaenolng ¢long distance transmission) §14fuuanluacudng
4,5¢1Y 24 channel 1.536 megab:t rate 1ﬁ 7 bit speech coding 1vuv§1d§vnw7
ﬁmuwﬂu1%1uﬂsstnﬂéonqu

1.1 quﬂssaaéﬁaeTﬁsaqmu

1-fdaﬁnvwﬁaﬁuswunwsﬁaawsuuuﬁﬁaaa (digital communication) luswyy PCM

2. aanuuuuazaswaﬂuuHULﬂ?aesu - lﬂiaﬁda PCM (PCM Transm1tter and Receiver)
uyydatiAg?  (one - chamnel) ‘

'ﬁltﬁatﬁuuuanwanwfﬂﬂwﬂ1ﬂ§nwsaanuuuuava§1euunnawaﬁaa (multi - channel)

1.2 9y tnra9lag90nu
arutafaede aunsaieudggaffosnirdedei fudggrneuaan (snatog | signal)
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1ﬁtﬁuﬁmmwmﬁﬁmaa 8 In (8 bit binary number ) Taamrdudhathe  (sampling)
QQSVHuuu(quanttz1ng). lﬁﬁiuﬂ(coding)QﬁﬂuuQQﬁaaaﬂlUHUUBHQSN(sep1altransmission3
#dufy synchronizing code A48l 8 n Ldufy uuﬁaémqwmﬁa deannvastrenavdandaud

Lﬁuﬁaua (data) 8fn aﬁnﬁudauﬁtﬁu synchronizing code ¥n 8 fn Lﬁuﬁl?qﬂwdaiﬂ
ﬂl 1

= - - DDDDDDDDSSSSSSSSDDDDDDDDSSSSSSSSDDDDDDDDSSS55555- - -

da o Aafoya (data)
S @ synchronizing code
sﬂﬁ 1.1 uﬂﬂaiﬂuuunwiﬂaﬁmmﬁm (83naR)
ﬁnntn%aa#u awnw¢a§uﬁ¢mwmﬂdqanwnLﬂ?aada (tﬂﬁ 1.1 uﬁauw1ﬂﬁwn17uﬂﬂ1uﬂn1w
8 fnlofiofoua uav 0 fnlofla synchronizing code g tauﬁvdauﬁtﬁuvaua1ﬂﬁ1n11
09ATHR  ( decoding ) Lﬁaa¥10§QQﬁmauwaanntuﬁauu?a1nitﬁaoﬁ@mwmauwaanduﬁwtﬁﬂ

(facsimile original analog signal)
1.3 ysyTpvdfianadnay 1y
toawnandr 1 $lun38ne A funrsSoansuuyiines (digital communication) -1ag
éugﬁu1ﬁTaaLaww81u1zuu PCH
2ulﬁuﬂuuuu§u§ﬁuﬂaatnéaada - wafaoty pcw (Bammlisey pon WGy
3.tﬁnﬁuunulﬁanwsnaw31ﬂésvuu PCM #a14999 (multi-channel)

1.4 fadwuavaslaseann
Tassadidomauafely dodalud
1. 1#gﬁns&71ﬂqu wialding
2. 4919 dsenavuavdanutuTusangeld
3. Wowldavan §o

&+
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4. fanuariion ANLNuEIHeRNATS

1,5 99188150 (specification)

1, tﬂ?vaduawn17q5u§mqwmﬁuun1ﬁ° e -10 V. Ba +10 V,
2.udaaﬁQQﬁmn7ULvﬂuwWﬁtﬁuﬁqmwmﬁ%ﬂaﬂ 8 in

3.4 synchronizing code 6 In ( 11010100 )

4, Ldéaadaasﬂaﬁmqwmaanfﬂuuuaunsm (serial transmission)
5. La?aqsvav1uLvﬁnunaanuwﬁuﬁqa -10 v, §a +10 V.

Y
s.ﬂawuL711un17ﬂqﬂszuwm 131.2 kbit/sec  (§2uM4 synchronizing code)

1.6 fadunaTyuy PCM
1. lumsdoirareesmalngs g pou awuwsnﬁqagnnuﬁ1ﬁ@u37&151uxvuiﬂonwqTﬂd1i
fmudg (repestor) Luswaéaﬁnnda (information) ayagluglaenda (code)
foorasvmulumsde  (bransmission) au1numauav1uﬁnw:ﬂv&uuwnﬂuLuiwvavnnﬂwaﬂ
73ﬂ1ﬂTﬂaﬂ1nauéqmnm (repeator) ﬁvaﬁnnu1ﬂsswanqan
z.aaqsuaqtaﬂuuauﬁuaqtaﬂu (modulation and demodulation circuit) ﬁauuﬁlﬁu
dtann defufofiannui fafiold (reliability) Uua¢ Lﬂﬁﬂfnwuqa Laeddrunsoaan
vy lagldlod (integrated circuit) ldlagdre
3, ﬁﬁnunﬁdw S/N dh Laﬁﬁunavﬁdw S/N ﬁniwﬁWﬂauwaanuantaéu (analog modulation)
4, ﬁQgﬁmawuﬁanenntﬁn1i1ﬁaaﬁqﬁﬂsvanﬁnwu Loy v fisudana PCH qvnnnwzﬁﬂ%uuw
faeniontennantro11a 90 1 uaaaoﬂwnﬂfﬂaﬁmmwmaquwaonwﬂuuﬁuﬁsauuaTQHWi

t
o

L1 g e 13 und o
, 5.n171ﬂsﬁaﬁﬁﬂssﬁnﬁnﬂuaw317naﬂﬂuﬁuﬂnLﬂaﬂﬂuﬁﬁaﬂws (message) 16 -1 fu -avdedroag
WT1 "A MERRY CHRISTMAS AND A HAPPY NEW YEAR® faefunns irauavisy
uan?unnﬁdqﬂqumTﬂﬂnﬁsnﬁuuﬂsuaﬁuuw L9y aquﬁuﬂqtaﬂ 1inuﬁan11unun171ﬁuaﬂq

6. santofardelanl duneluidnledruaslé (optic fiber) Latviginady (waveguide)
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1.7

_4_
Wathaomnvanludwanned 20 81 100 ene
Agaanlimslf8 dmsatndaints erectronic switching ) dwudmadiana

1 14
(digital signal) (faifenndudga  (group of " digit) Anwawdifends
" packet switching

41 88999900y PCM

PCM Lﬁunwsﬁaaﬁsuuuﬁﬁﬂaa (digital communication) ﬁanﬂalﬁﬂﬁau

f. #2m19190008  (bandwidih) finfre  1du audio channel TagUnidaeld
anslog bendwidth 4 KHz udluseuy PCM avdoanisle 6ekBz fyfimnaudly
A8 signal processing uav?ﬂtnﬂﬁﬂwtmu?unwsuaﬂtaﬂu (special modulation)
techniques) uﬂﬁnao1ﬁaﬂﬁ1ﬂawﬂaouauiuﬂau5ndaa

2, time division digital transmission 1uﬁauuunﬁxﬁa (compatible) ffy
frequency division analog transmission Tusuuuuﬂaqn111ﬁnssuﬂﬁaaaa
ﬁ1uawu17nﬁqsﬂnﬂo1ﬂTﬂﬂ1ﬂnﬁuuwuz (carrier) d§8gafuluinanifen
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unfi 2
10¥8 UAYRENN1TRY PCN
2,1 dvuﬂssnauﬁ swuﬂaoivun PCM

T"Nﬂﬁi* - fyeaaTeyy POM ﬁ?#@h%ﬁwa#xﬁﬂwum {spesch
wﬂnauuaaadauﬂiunauuuswuniwv n 1éﬂq71n o1

" contiuoys—

------ >{ Low-pass |----->| Sampler |-----> Quantizer

1
J. .
#fadipaly »

time signal filter

filter

e - ~

2.1 uanagééﬂssnanﬁugwuﬂngvnn PCM

=n.

7!

Transmitter
Regenerative|(=—--mmmomoem Encoder {(—
repeater
>~ — — Transmission path — — — >
Regeneration|¢ Redenerative
circuit : repeater
Receiver
——— > Decoder }——> Reconstructionlb—m0u0 > Destination
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2.2'nqgﬁgjzéyﬁvaé1q (sampling Theorem)

Bnsndnnaauaanlan fwnanld (finite enargy signal) iy gih}

Mnrdudiadne  (sampling) $redasifinsfduds Ty 1/ T, (T, = sampling period)
hlfld ¢, ) qoiff 2.2 .
L)

e N,

-y

-
c—
—]
gt
]
™~

(b)
zﬂﬁZ.Z (a) continouus time signal
(b) sampled signal
iuﬁanﬂsﬁw continuous function 1ﬂlﬁu discrete function

ANRTIZINGEY  CCITT 1ﬁn1wuﬂnkuﬁLﬁaaﬁTﬁTunwiﬂaan71ﬁ1uﬂao 300 ﬁa 3400 Hz -~
uﬁvﬁﬂfﬁﬂﬁiﬂuﬁiaﬁﬁﬁ (sampling rate) ﬁﬂﬂ 8000 samplesper second
Tunqufnnsdudradng (sampling theren) ngofigadoaninld mgldamitedofiiago

(Fag digital communication) 1ﬂ5ﬂ71nw7dnn1aﬂwa (sampling rate) ﬁaaﬁﬂwuwnnawu?a
tinffy 2 111989 bandwidth wavdagna g(t) (speech signal)

/T, > 2B



7= : -
B = @11 bendwideh 1w got)
TunwaﬂﬁﬁﬁLﬁankuuﬁuauﬁa?ﬂﬁﬂswnwsduﬁvadwu Tiunndaasiiiees bandwidth yaedy
g faity aw1gaNtae CCITT ﬁnawanwLﬁaﬂaaﬁunswLﬂﬂﬂiﬁﬂgﬂswmﬂt?anuﬁ " aliasing
effact " %aiwaavtﬁaﬂlﬁﬂvﬁULEaJﬁluaﬂiuﬂaULﬂmﬂaqnwsﬁnuwiuTnsannsﬂ
2.3 1179a9vdy (Quantization)

'y
Tuﬁﬁqsnawaﬁanwsﬁnizﬁugﬁuaéu (uniform quantizing) wurefenrsueteduay
Yy y ¢
gl alumsdaseiuaont fudufifidradaaiiaf aamunndreseninofufitntucfandn » oy
f (quantum) *
3v ) 1 4

frdaamsutasdgpalild o fn aelddwoniutmanag 256 fu 1 Bulunwaunns
AREERER
. qg=2"
undy (e
= d1udnafld

] )
1u1ﬂﬂ 2.3 udnsfednumedutule (staircase chareteristic) wmamedaredy

43
1]

(quantizing) Lﬁ&ﬁ@ﬁﬁﬂﬂﬂﬁlﬁﬁﬂﬁ?ﬁﬂisﬁu (quantizeeer)  qrfidnumsduna- Lawﬁundasﬂﬁ
2.3 ﬂqumﬁuunqvnnﬁﬂiﬁaaTuﬁuﬁ n 101 fuaudan (ammplitude) aﬂiuﬁuenaauﬁuﬁu Ty
ﬁqaﬁanaﬁoﬂaauﬂasnaauﬁutﬁuqaéwaﬁenaaﬂaauﬁnﬂuq 1311éﬂmwmﬁuunﬁuauuaanawn?anwnnv1aa
Ranaroraamaudud m fuy TﬂﬂinLﬂﬁﬂ%ﬂﬂﬂauaasséuﬂaauﬁuﬁlﬁw1ﬂdnaauﬁuﬂ (m+1)  wfa
(m+1) daatnnﬂxaoﬂaﬁwiﬁtﬁﬂnawnﬁﬂuaﬂﬂ1unﬁsﬁassﬁn (quentizing wrror) 84 eadne
wnfusfavarnnsfumandy (half of one quantum stem) Linfy
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2.4 m171{19¢%d (enconding)

i:NEAEWG uaEn1T3RTY
>
i (quantf;ing) qqg;ﬂuﬂmmqmlnﬂaluaq (discrete signal) ﬂuauﬂéﬂﬂ(amplltude)

ﬂws1ﬁ17uﬁﬂ (encoding) fumstriordugafidnund

fanfuni i dudgaftnes (digital signal  919UTenavdremislsedn "1 fu 0"
(%4071 "binary code” ) #§a "1" 0" uay "-1" (1§gn1 "ternary cods”) udaé1017ﬁ
Ay binary  code aztﬁuﬁiauﬁuuwnniwﬁaaLwgwaﬁiwa1u77nﬁa§q7un1uTﬁ§ﬂiw
(regeneration)
gﬂﬁ2.4 Wiunefians1inien binary symbol (1% way 0" i1 udggwlih

;ﬂﬁz.4 (@) § 217g B0 anefl pulse (r17) ﬁunwauﬁ1ﬁﬁpulsq("o~)
§ot%end1 "on-off signal” wiaifuayy "unipolar |

zﬂﬁ2.4 (h) ;g "1” Qﬂuﬂuﬁﬁﬂﬁﬂﬁuiﬂ (positive pulse) yay "O" qn
unudeadan (negative pulse) ﬁmawsﬁa§1uﬁnvmvﬁtﬁuuuu "hipoiar™

ﬁmmwmﬁauuu on-off signal (unpolar) Wag bipolar anL%aniwLﬁuﬂq
{0uYY "nonreturn-to-zero  (NRZ)"

zﬂﬁ2.4 () adendrifunny "return-to-zero (RZ)" tu7131uw§oﬁﬂ
1an avﬁaqiﬂéaﬁnagﬁnwav nQ

gﬂﬁz 4 (d) Tundefanay 17 qvnnunuﬁaaﬁaﬁuvn (positive™ pulse)
wiodaday (negative pulse)  wfuffuiiendete dquﬁnn?auﬂtﬁuﬁuaiunwvvntﬁu "0*  qvuny
ﬂvﬂﬁuaneﬁﬂ ﬁqﬁﬁ1wﬂtnﬁau1wﬁ 3 AUy (3-state) ﬁouuﬁq1ﬁ%avw "seudotarnary”

sﬂﬁz 1 (e)"1" unudredadiintositive pulse) luafelaurndrnadelamde
drefiadal (negative pulse) "0" unudretaday(negative pulse) 1uﬂ?aﬁnufnuas1u
ﬂ%euﬂnaqunuﬂQQuaﬁuqn (positive pulse) ﬁqmﬁmﬁﬁﬂul?ﬁﬂﬁﬁ "split-phase or
Manchester code” |
- - . dwiularoondav danlfuny on-off signal w50 unipoler tum1edni
ﬂﬁﬂﬁiﬁﬁuuufnaﬁﬂuavanﬂn1&1ﬁd1&
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Binary data

o1 [ il .
ol ] |
5 i

(d)

- - - “{m)

Reference hit, - (£ . > Time

- - - 1 2.4 uamodyefdnes  digitel signel
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2.5 11909A5%8 (Decoding)

ﬁqmwmﬁdquwawntﬂéaadqLﬂwétﬂéacfuavnnnaﬂfﬁa (decoding) 410 binary cods
Iilduourianaanadlumaniiy  Cquentum)  drgu AU 10 id nwtﬂunwsaaﬂaua'
(data) a1 8 in qvﬁnkuﬂwﬁmﬂaaumasﬁnéo%ﬁa
MSB LSB

7 4 Q

2 2% 2% 2 2% 2* 2' g
faya (data)uﬂavﬁﬂﬁﬁﬂlﬁﬁnﬁﬂvtﬁuwﬂv?ﬂﬂaﬂuﬂﬂvﬁﬂ %aqv%uaaﬁuuma fnSnfindedn fu
"1 wip "0"  Fahadredreined
ﬁaqaﬁﬁann : 10001011
ﬁoéuﬁaqaqsqnnaﬂsﬁnaannwﬁdwLﬁu
(1x27 )+(0x26)+(022°% )+(0x2* )+(1x2% 1 +(1x2% 1+(122' ) +(122° ) = 139
un1amawuawﬁauaﬁﬂﬁaaﬁsvﬁuﬂaauﬁu (quartun level) # 139 qsﬂawﬁTqaﬁﬁﬁuaﬂ
ﬁu11L7w1d1ﬁsvﬁnﬂ1auﬁuﬂaaauasﬂwaﬂﬁﬂﬁﬁTaaﬁ
éouunauaumasﬁﬂqsﬁﬂwaannnLﬂusuﬁuuﬂnnnanu1ﬂu§1un11ﬂaua ﬁﬂ1nuﬁnwtnw1ﬂ ﬁana
ﬁnnuﬂaaaanuwﬁauﬂaaa1us siuiue  aeuiifg data hit ﬁﬂuuﬂau1€ﬁﬁuunaﬂ UN1

aefl data. bit ﬁa?uungaﬂwiuntﬁwuwunu1ul1a1ﬂanw

0 >! storage > decoder analog
digital | register _
input : outpuf‘

0

timing conkrol

sﬂﬂ 2.5 uﬂﬂanwsﬁauﬁaua (data) Lﬁﬁ@ﬁanaﬂsﬁa
2.6 ﬂﬁ?da(Transm1551on)
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TuftlarnannBenisdeTaeldanede (Lransmission line) TagiylunaTdeludn

-’.‘.

dgafdeea  (digital transwission) qvuuoaantﬂn Hlinda
1.0178940UMM Y% (parallel transmission)
2.M7TdUNNBYNTY (serial transmission)
nwsdauUUﬂuvuﬁanWTdaﬂamaaan1ﬂnnunusaunu gt uuyy o ﬁnnqvuawadqaﬂ 8
maéwwmwmqmﬂﬂmmwwwmhmﬂﬂmmummwmmu%ﬁmwmh
ﬂawuautﬂﬁaq?unw71ﬁﬂ1ﬂdeTﬂﬂLawnvaﬂwqaunﬁTinusuﬂ g9 Inauuagfriin g4 mudgga
(repeater) figaeldfis 8 druiafy Sruouanads ﬁ?ﬂLunaﬁﬂﬂiﬁﬂunUﬂuﬁqu1Nﬂaﬂlﬁuﬂu
guanin
mIdeuyaunaia mﬁﬁwwm%wamM%mMﬁmmemwmmnmm 14
aedodies dufer 5o dunnisendauay Bt fhann Tulereondf188 Foacg
toya 8 Inaduty synchronizing code 3n 8 iy Sanm

| —mmmmmmes >
0F Fmmoiat >

0 —=-emooe- >

0 m=-mmamos >

AN > 10001011 —==----- >
0 —-=mmmees > OR

e > 11010001 —------->
1 =mmmeeee >

(a) (h)
o ;ﬂﬁ 2.6 (a) WUuEWIN (parallel)
(h) uunagnsu (serial)

2.7 Synchronizat.ion i ¥

éwn?unwfﬁwawuLﬁa1ﬁ1ﬁﬂ71uqnﬁaquﬁuau o1 fudoal i ASaedauar afaedurnany
a§1unwzz synchronisim ﬁquﬂaaaniélﬁu
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- bit synchronism
- frame synchronisum

bit synchronism ﬂﬂawﬂnwaéwuda master clock lﬁuﬂiwﬁﬂ timing pulse

o { LR

14 . . = < -
Anuedy tagic airncuitc renatar !'1,1:?} datant 48115 Lf}’“ﬂw“ 109 (ertract) L8
R e

timing information aanqqnﬁqumﬂlﬁwuw (incoming signal) timing informat
ion  (local clock) afn aanu1dTneld £itker Hofarnuffonatsadaiuiansedy
bit rete 1897¢UY clock ¥aAIEMIMdINdY uay local clock dndaeldatefufs
ﬂ?ﬁuauﬂvtﬂﬂ (phase) Lﬁaqﬁuﬁ1aiﬁﬁ hit synchronism ﬂﬂuﬁﬁaﬂﬂﬁi w§991314
38013999 phase lock loop {31  &W4y master oscillator ﬁ1ﬁwﬁﬂ clock
mifauwiuhge (ulf orystal
ﬁwaqvnawv1ﬂvw bit synchronism fa nwvsﬁtn?aa%uanuﬁsnfufiﬁqw digital bits
fdamnanniadaededa ﬂsﬁinuﬁaaﬂL%nﬁuﬂaaﬁnuasm101uuﬁaaﬂﬁuaﬂuaoﬂn ol adasdutams
uﬂaaﬁmmwmiﬁﬂnﬂaamnuﬁmmwmﬂquwnLﬂﬁaada
frame synchronism : 430310 bit synchronism U9 éaﬁwlﬁuéaoﬁ frame synchro-
nisn e ﬁaﬁtﬂa1ntﬁquawﬂﬂawanwqdwu#uﬂwuwsn%ufTéawnse1uuﬁaqaL?uﬁuﬂaoﬁanaﬁqvxaw
ntiniTnangedd nsa1uuﬁaaﬂﬁuaﬂﬂaaﬁauaﬁﬂﬂuuavLﬁﬂ?ﬂﬁauaﬂquwn sampled signal il
qznnﬂautﬁﬁﬂaaﬁnnéaa (Tunsﬁﬁﬁuawﬂﬂaaﬁanaﬁﬂnﬁaq awtrvnawdradayata sudardasaduifuly
tﬁusvuuﬁﬂnwsﬁaﬁLuﬁnﬁuavﬁﬁaﬁtuﬁnﬁ (multiplexing and demultiplexlng) w3l time
sharing) - )
ularoend tharsds - $u undasider C1-channen) fofuly frame wilaw qvtzy
nawsiag ﬁaua (data word) 1 sample ffy synchronizing word an 1 word (3g19ay 8
ingdudw ﬁuﬁa incoming signal Qvﬂﬁﬂﬁﬂ1ﬂl?ﬂﬂq78ﬂ1ﬂq data word fly synchronizing
word .
dntrenranialulassandlildth pit  synchropisn dreitdanariandreduneae, Sua
uavtuqma1éndwa1i1uunﬁ 3 ;
2.8 Noise in PCM System |
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Tussuy PCH fy noise sinew wafasutvaanidieie
-transmission noise
-quantizing noise
-thermal noise
-transient noise
-phase Jjitter
uﬁﬁﬁﬁnﬁuauwnﬁgau%atﬁuﬁvnﬁn #g transmission noise fiy quantizing noise
transmission noise awqLﬁﬂqwnn1315¥uﬁmmnm5uwLﬁwuwiunautﬁuawaavtﬁnﬁwﬁw hias
u?aid%unwsunsnﬂaﬂqwnﬂﬁuﬁﬂqéwaqLﬁuﬁu %aawqLﬁﬂ§u1éqnqﬁsewiwanwavaaLﬂéaade-tnéaa§u
quantizing noise  |Aefufitadosdeundadeluderadaedy faraudioldTanaifudruy
sefumaufy (quantum leved  Uhinnfu fumunefonatifudanndndls uﬁﬁaslﬁﬂﬂmuwﬁwuéu
sunfia #99m3 bandwidth  furnfurieavifeanisifin noise ﬂﬁniaé?uﬁvﬁanwsinssﬁn
(quantizing)
m7ifn noise  Hafieannt®Bulddn  udu (Arannmaldiafaedanine ara il
wadaofaita w¥oanatfumssunananniefasaud 1 Sudu
1eaz 3endne fuantwloanniindrluudafantind1a8edn waelildaglurauiesasnis
anmnlulaga0ud
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um# 3
mMeganuuy - #409
TuunfavngnfaniraanuumuarnsadrocaSasds - tafasdy Relrea Suafiaundnofiedy
#alud fa.

3.1 1a%09d9 (Transmitter)

maduLadaedaarutamaieaen fudoe 18805

- 29310709618 (low-pass Filber)

- 1997UUAdLT I8N (voltade changer)

- 1aﬂ7uﬂao§mmnmauwaannﬁuﬁ%aaa (Analog to Digital Converter)

- 2031i Sedggomuiling (clock  genmerator)

- 1easuﬂaaﬁqumuuuﬂuwutﬁuuuuagnxu (P150)

annzﬂﬁ 2,1 (a) ﬂq@wmauwaanqudwuaaainsaqdwunawuﬁéw uﬁa%qgntﬂﬁﬂuizﬁuu7aﬁu

Fodetuda anc Lawﬁgnﬂaq ADC quxﬁuﬁmmwmﬁ%maaqndaTﬂﬁ PISO f pulss gensrator 4
Cdvlaninlilf Apc pulse gemerator uav P150 1avhuneas P1so favaglusinas

bit stream

analog digital

~>| low-pass |——>|voltage > ADC > PISO >

input filter changer ] 0809 - out.put
B ‘\

clock —_— pulse

generator generator

i 3.1 - 4a) qaéﬂssnauuugﬂf?’????ﬁ95??ﬁi R
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ot st : ernable u..m
gL  — 14
=] 12 TSE]
CLK } analoo] irvut
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3.1.1 193n99901A1u0 (Low - pass  filter)

N7

J

low-

pass

fiter qeildfialuiafoedonariafoedy Tutadoedefiy low pass

pitker  Fatdnvarfinrasnnfliinldlutae 0 HFedseana 2.200 Hz A1INNATIFIY CCITT

1 4
108 L REMA  (speech signal) Tulaseeufiay1dr9a7 Third-order low-pass filter

o

WYyBasssl [6] ¥} cut-off frequency 3.4 KHz

TuiaSasfuarld 1ow-pass ritter (fantoviggrafidain anc  uaefialidugaiSoy
nfuda e low-pass filter 2 ¢ (Lﬂu Third-order low-pass filter WYY Bassel

w18 lwafaade

frequency 13.4 KHz

fausndl  cut-off fraquency # 6 KHz

ffidaal cut-off

1937 low-pass £ilter ﬁandwa1f?u§ﬂﬁ3.z Tot14 op-amp. L1ygd 741

cL
[l

|

<11H l

Vout

o .

' )
Q. 318uf
R1 R2 R3 Iyl
T————Jw“/“—*h——JNAM WA <l l”w;\ - !
, 4, 4% 4, 4u 4, 4K al__~ T .
Vim. K LM741H ;
s a Yoaut
-2 i !
0. DLOSUF 27@00F
{+ g" ;
S, ‘@) cs
| %P—’ CFT7 can G
. ' y
@.315u
P1 R2 R3 1 E
v . 3+\k. L] R4 RS , RGl
2.5 2.8k 2.8K 2|_ ATV AN
S e . 4.4k| 4.4¢  4,4K 2
w
LR ,r’1:H7
. = e - ca_ = = 1
9. D1uf 27080+ . 0105yf 3500e
l — . N _—

S e

K ATT ey
JUn 3.2 79397 low-pass filter

(e} Tuiafaud

() Tuiefaedy
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AMTAANLYY THIRD-ORDER LOW-PASS-FILTER 3 4 fuanudrefudwduasdruinanuyy THIRD-
ORDER BASSEL FILTER, |
Aada N T L unnTaanuLY (MINNINARY

f o = 3400 Hz.
maximum capacitor = 0,02 uF
ﬁagalﬁﬂaﬁuqﬂnfi

A, (3400) = 1000

. ) ]
fuf 1 2neTr9R 10,3 19719

C", =0.9880
C"_ =1.423
c", =0.2538
inf 2
£\, = & =_0,9880 = 4,627%10"-5 F,
21 f.0 6800//
' \\ “2.0". = 1,423 =6.664%10-5 ¥,
21 8.0 6800//
c', =__ ¢, =_0.2538  =1,188¥10%-5  F,
2// ¢ 0 6800/

. T A,
#uh 3 c.  dndagldarlmntiniafisadmuatiae

]

C, = 0,015 uF

3

dwmndl RiC, ~ uagc,

R=__C'. _ =_6.666#10"-5 = 4442 (171u8eniddn 4.4 Kobm)
C, 0.015%10%=6
C,=__C' _ =_4,627%10°-5 = 0.0105 uf e

R 4400 - - -
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C, = ¢’ =_1,188%10~-5 = 2700 pf

R 4400

fuf 4 awu17nﬁaaﬁnwnvwuq%aquwnﬁuﬂauﬁs
A, (3400Hz) = 3400 > 100
AR TLUMTaanuLY  (muhumad
f p = 6000 Hz.

maximum capacitor = 0.02 uF
ﬁaqatﬁaaﬁuqﬂnsd
A (6000Hz) = 1,000

» 3 ]
el 1 a1nerg1ef 10,3 191

C*, = 0.9880
c". = 1,42
C*, = 0,2538
fufh 2 e
C',=__ € = 0.9980 = 2,622%10%-5 F,
2118 1 120007/
C', = C" = 1,423 = 3.776%10°-5 F.
2118 p 120007/
C',=__C" = _ 0.2538 = 6.735%10%-6 F.
278 p 12000/ / .
fufi 2 C, dndarldEnlinnlunifisdmetis
C, = 0.015 uf
dwamidr R o ¢, uae C,
R= ___ €= _3.776%10°-5 = 2517 ohn (i3anl€d1 2.5 Rohm)

- C 0,015%10%-6

a
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c,=_¢" = __2,662%10%-5 = 1,0488%10°-8 = 0,0105 uF
R 2500
co=_- ¢ = _B.735%10°-F = 2,634%10%-9 = 2694 pf
R 2500 (ayiRanlfdn 2700 of)

g s s ! H =
Hun 4 mm'mm'mummwa?ﬂﬁmnuuﬂaun 3

A (6000Hz) = 6000 > 100

v

[] v
15198 10,2 ﬁﬁn?dﬂadﬁiquﬂQUlﬂa Fndy Single~Feedhack Third Order

Low-Pass Filtepr

fiavas 3 frdwdy fumiedinag shumtsfanesdn
1993720001k Anfiufiats Ao wndsaed

Bessal -0,942 -0.745ij0,ZAl ‘“»-NN__

Buttasrwort . -1.000 -0,500+i0, 866

Chebvshev (0,1-dB peak) -0.696 -0.,348+0,866

Chebyshev (0,25-dB peak) -0, 609 -0.305+j0,866

Chabyshev (0,5-dB peak) -0,530 -0,265+j0. 866

Chebyshev (1-dB peak) -0.,444 -0.222+j0, 866

Chebyshev (2-dB peak) -0, 345 -0, 173+ 30, 866 o

Chebyshev (3-dB peak) -0,286 ~0.,143+30,866
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a1l 10,3 d11a9 anBiaed i Sl ymnadedan

T o e e e o e e e e e o e e o e e o e s s b s e T i e e S e o > = . A e e e e e o = > e 0 e

v
gigyas 3 §rdmdy

?ﬂ%iﬂ?@@ﬂ??ﬂéé? gy c"2 c"3
Bessel 0.9880 1,423 0.2538‘v
Butterworth . 1,3392 3,546 0.2024
Chebyshev (0.1-dB peak) 1.825 6.653 : 0.1345
Chebyshev (0.25-dB peak) 2,018 8.551 0.1109
Chebyshev (0.5-dB peak) 2,250 11.23 0.,08950
Chebyshev (1-dB peak) 2.567 16,18 0.06428
Chebyshev (2-dB peak) 3.113 27.82 0.03892
Chebyshev (3-dB peak) 3.629 43,42 0.02533

T o e o e e e e o o e v e e et et s o o o o s s e it o e s 4t i vt e A o e



3.1,2 72997uladuTefL (Voltage changer)
= . oLy 3 ! as I 14 ! =
diasand edflflunsutaedannonaentis fudanndinea: duiad ancosos Ao

Tl fldfudagadum  Cinowt voltegs) 1dludas -10 v.8e +10 v, (Foarldnasoutiud
4
Nm e A e Ly b ey o o u y &
gaffiendinivdudlde  deivdadasinireanuny - aswqaeasuuaauiaﬂuﬁuiﬁinﬁmmﬁmauqn
Cinput  signal) ludhe -10 V. 89 +10 v, udrdeluld ancosos Tudhe 0-5 v.

[~}

d” 14 t! i U U
ariilsenaudia op-amp. 1487 741 2 2 ﬂquaﬂaqugﬂ 2.3

RE

"N

SN
& F
P e i
=

v
. L
(% & .

R1 ' 3 X v i
i . » oo "EE
T e LM7a1H
| LM7aLH , S
71 R« Vout |
v/ f mn <) Rz [ &_ RG
-’,\' [
b

. —-1ov, 2
=+ X ; |

11f 3.9 2vasudasuredu -10 v, B9 +10 v, 1fu 0-5 v,

Wuaéasiﬂsvnauﬁaaéauﬁwﬁq 2 daufin 8, artfwearemesunduls Cinverting
Amplifier) uagh b, avtfursarrsigna (adder) %ouﬁﬁq?oaoﬁsﬁauﬁmmwmiﬁﬁa 2193704y
\Wd  (Inverting Amplifier) 'ﬁutaaxﬁaquﬁiwﬁuawaﬁugn

Aa ot Vo = (-R, /R, ) XV N (310 Av = Vo/V N = -R_/R ) ~
fndo Vo avseiualyann VN ag 180 ”
vo = -vyn  fild B = &,
fa, ¢ urod Vo uar -10 Vo aehl98nTeud , 1, lnaiu g, (R, uaravliln
vihffaunee op-amp. (8997 op-amn. ﬁéwﬁugnﬁuﬁuauégamwn> usaginainy R, Hanun

v U
AIUY
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o+ 1, o+ 1. (nreudlwathe R, )

3 4 8

1 v
99970 op-amp.  Sdnsremngusedy (AW 0N fatiy

4

v v 0 v = = 10
. ! i} v .

Luiwvavﬁu (Vo/R, ) X (-10/R, ) = -Vout/R_
Vout = (-R_ /R ) X Vo + (10) X R_ /R,
wudt Vo dg -V N agld
Vout, = (R x R_)Jx VN /(R xR ) +(10) x R_ /R,

W &, =R = 10%
R, = 5§ K
oy SRS Y
v W )T K
R, = 330 ohm
wwagdn  Vout = 2.5+ (0.25 x VN ) Toad

.daﬁuﬁaawuwsntﬂﬁﬂﬂﬂﬂﬁﬂﬁmmwmu?oﬁqun - 10 fa + 10 Tqaﬁtﬁu 0 - 5 Taadld
meidonld B, =R, MR, , R, =R_//R IR, ﬁLﬁaqﬁlﬂﬂﬂ?ﬂﬂﬁﬂﬂﬂéﬂﬁdﬂivuﬁuﬁﬂﬁ
i
3.1.3 dgeunfim (Clock)

drnfadygraunfing (clock) fal#fanufdanineaefinuaesiafiosand Sodanld
crystal  Sariafessundf 3,579 MEz udﬁﬁaanwsWﬂﬁag 2 aad fia dTeann 596.5 Kiz
(3.579 MHz/6) fafauld ADC 0809 uayfnarnafl Ao treanm 192.5 kiz (fafauldiafrh
nﬁjﬁgﬁu PISO (PARALEL-IN , SERIAL-OUT) fuf2fuln  synchromizing word (pulse
generator) Qzﬂﬁ 3.1 uaygﬂﬁ 3.4



Kz

t4liahizlg !1@!9 2 [

iuwpl-atl\ﬂf tia Wb GND Qelod
a

G982, SKHz

3, 57D P 7492 (MB)
!,—h it
1 1! Bt o e Yez Pacy dRecas
CRYSTAL J—— = I
1 LK —_—
AV RYAYA +) £ -
R 2 : +SW
[a) Q
r\"\ \‘ T
1 . 2 n
Pt 20—
1 L L L [TReatiment |1 LI Vs us
T 74 cpa J4_504 g a I ] +
| 1Q@nF 2 Racyy NC 13 g1 oL 113 -
@ 1 ; = N L u 5v
o 3 Padz2d Gz L2 1 i Lk 112
4N Ged 111 gLk 2K 11
+Ey. S Mme GMD 1@ Sl2q cLe 1@
g [RaClL: G 9 S25 20K 8
i !
. 2 Ref2) e |8 Aenp . 20
g P/ BNe- '
! r! ! ! !
v o) 24T Han S - B3 Rl S DI
{
132.56KHz

11 3.4 udaervardudedggandnn (clock  generator)

nnaéwutaéaqfuﬁuﬁmﬁmmwmuﬁﬁnw%u1uﬁn&mzaﬁﬂaﬁuﬁ .‘LﬁaauﬁWﬁlﬁﬂqdw 132,5 KHz
Jasdnfiemuhin 141441 s96.5 kg ﬁ@ﬁuﬁwutﬂéaa§uqz1ﬁﬁdvuﬁtﬁu10q73ﬁ7 6
2wanT 6 1flofiued 7492 1fime 1 81 . easwnr 27 \8l5R0E¢ a0 ingans o
ilotinat 7ats107 (fugmns 3 o7
3.1.4 1097ulaedgnenisenthifitnes (Analog-to-Digital Converter)
équfuvoqséau§1§1ﬁ1aﬁﬁaLﬁﬂvtﬁuﬁauﬂﬂaéqmwmauwaantﬁuﬁ%ﬂaa (Analog-to-Digital

. 5’ . ) 2
Converter) Aalafiund ADC 0809 ¢ ugne data shees 1lumannanm 39l4inafauuy
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Successive Approximation

dnuueauli® yae ADC 0809 ﬁﬁwﬁmﬁa
utredggiaannaant fuddeaa vuoe 8 B

Yudadwmld 8 da9 ¢ 2-channeld
4

T lumsulasiseans 100 nicrosec. .

ayfiawarn 172 LSB uaw 1 LSB

- undedreliifiaedufonda s v.

- Lawﬁgnﬁﬁauanﬁ (latch) ﬁaqauun Tri-state

- fudgaduunludae o0-5 v

- 1ﬁtawﬁqnﬁ?ﬁﬁu1aiﬁﬁuaa1élaa ( TTL compatihle)

HasarndosmaadnsiadosdofifiRaadasifier ¢ 1. channel) Hoduf fan 141 fnadasi e
189 (chennel) 1ﬂﬁ1ﬁ§ua§ﬁunwiLﬁanuaﬂtﬂsa (address) tauf1{10d

{fanfing clock) dauld anc osoa drgannufisvang 596.5 KHz (3.579MHz/6)
ﬁ11ﬁ1ﬁlanﬁgnvaa ADC 0809 farnultsennn 8.2 KHz §4 8.3 Kiz %oﬁﬁaﬁmswnwsénﬁq
a819Csampling rate) fduiae Rednifuiildldiusnedn bandwideh vasm i vigga
Lﬁﬂagﬂ1ﬂtﬁu 3.4 KHz  ( @3ATI3MM8 CCITD) LagdnT N TaudIae 1asda Ny
2 X 9.4 KHz

ﬁqmwmﬁﬂw start, qp fuodelH i3 wianasutag A EOC (end of conversiom)
tﬁuﬂmmwmqwnﬁo1aﬁtﬁauaniﬁnswuiwﬁuqﬂnwsﬁwowuuﬁa gaiufal a0 faLirdumled
7415123, (nonostable) (falufels anc 0go9 ttaeiavhymaann LﬁaﬁuaﬂnﬁsﬁWLéwﬁgnaan
9N ADC 0809 Rwhmvdedna start  Tudeld apc 0809 18unautaslurarlninaly
mafr s Guuun Tl deey laqﬁgpﬁ1ﬁqqn ADC 0809__§astﬁuﬁagﬂuuuuuwu (qgﬂﬁ 3.1
(b) gznam) |
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3.1,5 1ﬂﬁiﬁﬁliﬂﬁaf (pulse denerator)

1u§ﬂﬁ 3.1 éauﬁsﬁu pulse generator Lﬂuévuﬁiﬁﬁwnﬁﬂ synchronizing word
me 8 in  Tegldiviaiiy 11010100 zuqnaﬁi%sﬁaéanﬁwaﬁﬁa ingdaLataefuiasindy
(detec) synchronizing code -

»

fi9ngun  bit  stream fideunaniafoeds qaﬁdauﬁtﬁuﬁagaaﬁuﬁu synchronizing

word lamafiafeefvasduriefid 11010100 14 fiag 2 nififie et synchronizing
word a0 fuinniinileie ;aﬁﬁdwtﬁ 11010100 drunguin 8 n fatanTening
ﬁagﬂ il svynchronizing word a31ﬂﬁTaﬂwaﬁquasaﬁu7ﬁa 11010100 |3y udﬁw?ﬁ
synchronizing code | Huadredy néuﬁnﬁﬂiauieniwqﬁagaﬁv synchronizing word
ﬁqvﬁTaﬂﬁﬂﬂTGﬁUTﬁﬂﬂﬂa synchronizing word lﬁu 5ﬁ1ﬁ synchronizing code Lﬁu
i e lildmneaneiasianeeia 11010100 it et At
00101011 . 11100100  (fudy

10978 1#111 88 synchronizing code 18141afiund TALS165 (PISO 9-bit shiet
register) (faonlodaiinf  daannSddenldimnadisng 192.5 K T $udoxa
(deta imput) g9 74LS165  momsoidafy  vee w8 ground  susdafidendu

synchronizing word
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i del el lala

S, Lo -

- -

; = otit : 1 {ifTamafiaensofin
— [
0y SLrvs. word
—
data word _ | anta  word N
itadeliTelsilala h_p_Lm_.p_s_h_m_m
_n SLc . Lo ) TII'_ .I-.UP*
7 Tl'-

_::_u:,a:avgn,: SYNC . WORD S

} - E—tit -
—

——

—data word I .

> flamafiaentsfiy

".‘lc

SYNC.WOR

0
!
“

f—e

2k WPENG Y R bl P\\\g\\\4\\\4\\\\F\\\H\\\H\\\A\\\J

Tll‘ s Wor-d ﬂL-u

Wlonadiiaessany  SYNC.WORD
i [ EPERE R - . ! S g /

m=mm.m=msa=JquQ=J& synchronizing code

- H
!

'

data word ! v_
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3.1.6 1aailﬂ%auﬁqumuunﬂuwulﬁuuuuaunsnfPara1lel in v Serial-out)

aaqsLﬂﬁﬂtﬁmmﬁmqwnﬁtﬁuunuwuﬁuﬂutﬁuuuuauniu (2150) 141atiflaadnifien fa uad
7415166 (PISO 8-bit shift register) 1ﬂﬁqmwmuwﬂnwﬁﬁﬂanuﬁﬂssmwm 132,5 KHz
niudaa (dete input) doateLirfunndonanan (data output) way ABC 0809 1o
7415165 1ﬁmawﬁgnaannwuuuagn?n Tdiaidrfun  serial input 929 74LS166 ‘ﬁa
7415165 uay 7415166 Fudrdaldfudan/fy  (shift/load) fayaan  Abc 0809 Tagiandy
QOUANAININ  dutput  enable %atﬁu%QQﬁmﬁﬁauWHﬁu ADC 0809 éaﬂ LﬁaﬁWLantawﬁqnaan
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I.LﬁatéutﬂaLﬂéaa (#a a%aoiuuasxﬁsaada) Thafaaty 1AL (detect)
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3.2.4 1097ulavigaddnoat fuaurasn (Digital to Analog Converter)
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eslectrical charactenstcs over recommended opersting UPMLE + ITRUTS DEUTE TPITS
free-air tempersture range . QEAR cLocx v x | g @ QEAR Oocx U « 2 8
®ARAMCTCA® | _TEST conOrTions 7 Twm Tvp T sx Toer L o L ALNTNCY
Vie el rou ot HI v ~ ot otfe b w0 L L g
Vit Lewwve vor souse T~ ¥ o8] v . M L.y " ;M tie
Vi__ %ox cwm oo VoCes N s —ired PrEym L EA T ST A S “ I L » i>
v S YCCRMIN, VeV 4 S M % [ToacE Moo w. !m
On T IVe =€y, 1gLemax O 4 Il " * =5 3
Vo jYeoomin vy arv, / § i Y
OL  Lewbovm amat venage [V o€ BV, g wama e 94l v Functiona: Biock Diagra: >
] D 5K, 0.1 =
R wor arven ot | Comer A g 0.3 |
" e 2out Prosey vee Tuax. 'v,-N 0.3 -
-lags . Crace 0.4
G, 2%, s )
\ ot an s BN Y @] -
1] ot . [y VEL™MAX, Vje2 7V rm re)
Cuoe (.2
5., K%, -0 ¢
. Lowwver Caner ¢ -y
‘e o are FCoeon Veo=MAS v upav :_. T~
Caoce ) -0 8
. Sy orom o [Serms sa S -~ - 100 .
25 S Corent e {Serws WAL S VC.C“‘“ — -20 100 Ll
. Suory oresnt .
‘ce {Bverate Do [ YCL™MAX, Seo Note © . o[ ma .
Smay -y pC hu:o, vagetv x 3 [l _.. .
SOv ome' pow & owxce g ) N am e
10y T,-5T. P - -
PL = (oo aoverai) 10 Ow c: f:‘r _ —f 13 0 . Bntmy - o o ; . . %
o - . ~ "
. Fon ome, preaet o coms NOTES: 1. with o ST coun, (OO W meanses wiih 0w O oo § o
" ke
s {80 acvacrwia) 1o Qe L= e bt » At Pw. jume Ume oF Swrsromen the oo wpn? Fasrtag .
T - 2 H=nen v’ (steedy sute), L =oumwvel (stoaty siats), 2 evemmen .
i 1 = ronston tom tagh 16 1w leved .
{ - . Jionortovsl pote. e1s #ouTs SARAC e Retd Consent wae S
' . . nuth«uu@:uhhw*uhq‘-- .
H N Qo= 1w ovet 0t O Metoe e oot were -
N . YOLOLE Caoh outoast ONeORs 10 e ompuement 8! 18 (evecre askgn 7!
M e FERLUON (puier) ©f e amos, fes
My Sohatans shoer ar MiN o MAX, e e scorararr vewm ORor a0 e, oweing -

24E tvecai wbiws ore ot Ve
0~¢»~nmnm~hwmno—

=3V, Tp-my

T 1PLt S W0eeton dem) tame, Do -L-tugfimve! outonst
P PUW0sior Selny tane, MR-t bw- dpvet LY R

§ .?thvv--umm-qummu--—ubiu- 1 1o e neog eaps. | tor 1w teseg sope

.

v




o

v

182

FI : SKT4T5, SNTATI, SNT4LT5, gt
oOMS 4-BIT BISTABLE Ay

EULLETIN NO, SLS 721188 OEece;,

Al © TYPES SM5AT5, SN5477, SNSALT5, ‘Syie-
b

el

L
. T75...J.N,OR W PACKAGE
W R
Lk logic . 'L75...J OR NPACKAGE
[y (TOP VIEW!
1 FUNCTION TABLE =r¥
EP.A"'I.f
{Each Latchi e ac w0 5 g
inruTs | ouTruts | Sl st fre] Ml [2!
D G6la a ! fe— ) [
L H L P ' : ; ~__.l
| {5 ] S
H H H [N b IRERN
et i o ¢ Y r‘ 2 o i 1 S
X L {Q Qg i | 1! ot
i i RESEER A
Hoaanrenel, L= o fe.ei, X = it ang i B ., "'l‘ LT e f ‘ f s
Sy v e teve. 0f O nefore 1o SMZheto-'L e transiticn of G i i | I i g !
L B o Lty
i i SR t
i b
descripton . } P i

AT = R = g = oy
The=e latches are idezlly suited for use as temporary '.‘_' Lz_: LEJ Li.hil § '

stemge for binary informaticn between processing 2 TR u.;'.:uz Ve :_
unss -and input/cutpur or indicator units, Informe. ! ™
tico present at 2 data (D) input is transfecred to the O ! fogie: e tuncrion tazie =
ourut vhen the enable (G} is high ang tha Q IR s
wit! foilow the dita input as Iong a5 the enan . TP L WRANKAGE
renuing high. When the enable gous low, the informs. L77... TRACKAGE
Uon (that was present at the datz MpUt 3t the Tur e : Har view:
the wraasition oceurred) is retaired at the Q output ! L) Y ¢ E"f?u Ghn e
vl the unzbie is cermitted to gohigh. ’: ';"l {:_:'! m IT] :’7“

R SERLy e RN NS R
Tre 79 and 'L75 feature cemplementary O and & i' i i g’__'.
Turasis Brom & 4-bitteteh, and are availsble in vering: p 1< . i I'
16 &in packages. For higher compenent density appi- .’} j } i l
catizns, the 77 and "L77 4-bit latches are available in !; ; ‘% ; 14
14 go izt packages. : { iy Cr—e—ic j L G

HoHe o o v e Qo
Toe® circunts are completely compartible with &' If ]
oepdar TTL or DTL families. All outputs are diode- {g ,
clarrped to minimize transmissicn-line efects and fi F7
simgiy system design. Series 54 and 541 devices zre L-. T 4
charzzterized for operation over the full military u_I— 2 3 4 5
temgerature range of —55°C to 125°C; Series74 and g » ENSBLE Vec 3D
74 L devices are characterized for operation from 0°C
to 76°C. logic: see function table

NC—No mnternal connection

absolute maximum'ratings over operating free-air temperaturs range (unless otherwise noted)

Suppiy voltage, Ve (seeNote 1y ., . . .
Inputvoitage . . . . . . . . . el
lnlemmervgltage lseeNote2) . . . . . . .. . . e
Opeming-free-air temperature range: SN54’, SN54L° Circuits < e - . ... =B5Ctol% ]

SN74°, SN74L’ Circuits . N 2
Storam tempersturerange . . . . ... ... T ... -65°Ctrol1§

NCTES: 1. Yoitage vatues, except interemnicter YOlItage, are with resvect 10 network §rounag termunal,
2. Thisis the voitage between two ematters of a multiple-em tter input transsstor,

5

LR Y Ry W S RAN Y r ey e

raab
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‘ TYPES S#5475, SN8477, SNSALTS, SNE4LTT,
; SN7475, SK1471, SK14175, SK74177
- 4-BIT BISTABLE LATCHES

—

...znal block diagram (each latch)

Wt Eoof v g #ﬁww

To N e . - .
o= Other - = ('78 eng "L75)
Laich rl_/

>

ENABLE OATA

-hemetic {each latch)

4 L
¢ 1 v T M i* ; Yo
i-:: ;F2 %F\'i sqg %p; no ‘g';- %.—;-. 5:' :;)c:.

e < 7 A < o e 3 g
L i ] 3 i ) 3
~N_ i | oS A ; : )

¢ 3 { > c

rA ip: lp.s { éﬁs N
| N 2 ri | (E4e73

5 |
’ T 4 [} N]
- il b 2 ]
. 1 T | 77

= D G

=+ To Other Latch !

1 } To Other Latches
ENASBLE DATA

-

NOMINAL RESISTOR VALUES
RESISTOR| 75, 721175, "L77
A1 1302 | 2800
R2 4k0 €r0
R3 1.6k I 3.200
R4 2.5 k2 S w12

- . - - RS 1k 240
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TYPES SN5475, SN5477, SK1475, Sn7477
4-BIT BISTABLE LATCHES

recommended operating conditions

L SN5475, SNG5477 SN747s, sr‘mn\; B
| MIN NCw MAX | N NOM Mapit
Sucaly veltage, Vee 4.5 s 5.5 |4,75 5
Higr-taval output current, loH =400 —a
Lowlovel outout current, oL 1§ T
Victh of nabling pulse, Ly, 20 20 ,.j ‘f
Setua time, teeq,p 20 20 . “ :
Ooerating free-air temperature, Ta j -55 125 CEE P

=

: electrical characteristics over recommended operating free-air emperature range (unless otherwise nows

g

- + T—.g
PARAMETER TEST CONDITIONS! MIN G TYP: MAX |1y 3
ol

Vin  Highdevel impyt voitage 2

Vit Lewdlevel input voltage

Vy Ingut elamp voltage Vaoe = i, i1 = =12 mA

) L Ve = i, Vig =2V,
VOH Hish-levet output voltage llell i
 Vip=c2v, ton 2 =200 uA
Voo . it Vi 227,
VoL Lowlavel cutput voliage ISE
« Vi wCEV, IPR YT : PR T
S oL
% Ingut currant 3t praatrmum 1”132t s oltage Voo m AN, R A R
{ B nof 3
iy Hizdeve. input curreny [o———— Qe L ax Yy D
G .
Darne:
fiy Lesiteve! input sureans o . 2o Maw, LSNPSR AN
G input
i
. 1™
'Cs Snerraccuin output sutient b Ry m—r) o
[ -
IR
IZe Suadt, cueert r
L\-w Ity N | ‘;'..J‘

:F\." SR shown ag SN or MAX, use the BROIQD 1ate vaIue SCECI" ol $NGar recommaaden SOErATiNG wore
vpe,

La1 vzieat vatues are ot Veg RSV, Ta=25¢.

¥Nct mere tan One outdut shoutd be shorted ot 4 rima.

NOTZ 3. tee is tested witn alt inputs grouncded and 8! outputs open.

switching characteristics, Vee =5V, Ta =25°C

FROM TO ]
. PARAMETER™ TEST CONDITIONS MIN G TYP MAX
ETE {INPUT} **{OUTPUTI
P N a 16 3o
tPHL 14
< Py 24
PLHC o a CL = 15 pF, -
PHLY Ry = 40010, 15
PLH G Q See Figure 3
PHL 7
PLHT s a | 16
tPPHLY 7

ctpLH & propsgation delay timae, low-to high-lsvel output
PHL Epropsgation delay ume, high-10-low-levet output
“These parameters ace not appiicable for the SNS477 and GN7477.
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TR - T e e e e ——————,

TYPES SN54175, SR54L77, SN74L75, SN74LTT
4-BIT BISTABLE LATCHES

d cperating conditions

| | SN54L75. SN54L77 | Sn74L75. SN74LIT orerm
; *MIN NOM MAX | MIN Nom ekl

L T v 45 5 55 475 ~% 5351 v
4 stout cuTeny, Ioy ) ~200 =200 | ui
. 'f - stzateurent, oy ¢ & g | ma
3 Tl atting palse, .y - 102 160 ng

: TR P40 40 ns

A T e TETpErTiUTE, T4 ¥ -85 125 ) 70| ¢

- :! charaderistics over recommended operating free-zir temperature range {unless otherwise noted)

3
- - PARAMETER TEST CORDITIONS? MIN TYP: nAX ;UNIT
T wevet o) voitags 2 | v
T el ingut vortage [CE- Y
; - Tt CiaTpacitene 1= —12maA -1.8 v
- i Vi= 2V, |
' vel ouTICt voltape 24 3« [ Y
. IVALA oY, 1G4 & ~20D 0k |
- Vst Vs av, !
v el DUTUl volags q ec G4y v
My = G v, lng - Ema 4 '
i . TR TSRt O Sy oty vo Ve s Vs Loy . A
: o ) D oyt s L - : an L
. finaut certent Goimeay T Voo T Ay Vit 2z v L_—-“—T LA .:
. DY o 35 .
- el irout cuceena R A AN 5 W i H
Gz | S~ i a7 |
" . i TS i
e s teiie, g Custrery s | Voo = oy i
t ' b H
Vg s 1280, s ]
FRANE PR 1 i
- ' Seetint. 3 16
r TNy sh e ay MO 2o SAX, use the *oDrapriste value oered uns, - fecc T mencen Speraitng conc ons for 1ng B hcabitg Oe o
vE ULt Areat Ve =BV T,=28'¢. h
hzn one astous should be shorted at a tinue,
il lce is 1estedwete. ') inpusy €rounded and a!! outputs open.
e-iching characeristics, Vee=5V, Ta=25°C, N=10 )
. . FROM T0
FARAMETER® . TEST CONDITIONS MIN - TYP  MAX jusnIT
. tHNePyT) (oUTPUT)
. 1 -
PLH 0 o i :2 62 ne
—_— S
PLHS - 48 80
LH D G CL = 150F, ns
EHL , 4 30
Ry = 8001,
BLH i 22 60
G Q See Figure 1 ns
oL 14 30
1 - 32 60
_ LHS G o) = ns
L e 12 30
\

=% Dopagarion dehy time, low-10-high.level outout
.z

L = 2'0Dagation dewy 1ime, high 1o low-level output
Z3rmerers are ner azphicetrie tor the SNSEL 77 sng SN7&L77.
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NG475, SNE477. SHESL

e
(¥ ]

v
TYPES S

SN7415, Sruli'] SN74L75, SN74177
4-BIT BISTABLE LATCHES

Qers
, Wl

switching characteristicst

PARAMETER MEASUREMENT INFORMATION

g

,‘3

INPUTS OUTFLTS i

—— — ¥

D G v a Z 3

cc 2

! I

H . ‘:

I :

PULSE RL? $RL . 77 ?

IGENERATOR A - o] Q e P rel "N -
{See Note A) H _L i =150F {Ser Note C)
P Tl
3
_L +— 6 -.:l: i3k Nota B)
=+ ¢
z e P i
PULSE f l
SEMERATOR & = o sis0f
{See Note A) ; 1Sve Note B
<——T—— I3 b

— =3 'é.‘ b
TEST CiRCUIT .

3

b

-

N/

Srey

S0C ne

i 0 L H

R
[ L e

L————.!_ CBye

g saitibrdr e Fo . o

oUTPUT Q 1.5V -
—— —— V(L
——VOH §.
- * o >
J REA ¢
ouTPUT T t 1.5V b
— e "
i | - vou §
fe————tPHL ot
VOLTAGE WAVEFORMS -
NOTES: A. The pulse generstars have the foliowing charactoristics: Zeoue ™ SO 2 tor pulse genurator A, PRR < 500 kHz; for puh?

generstor B, PRR < 1 MHz2, Positions of D and G input
8. Cy Includes orobe and jig capacitance.
C. Al diodes are 1N3064.
=]

. When maeasuring propagation delay times from the D input, ine’ corresponding G input must be held high, 2

7Compl.mcm-rv a outputs sre on the ‘75 and 'L75 only,

FIGURE

DJlses are varied with respect to each other 10 varity setup times

1
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L TYPES SN5490A. SM5492A, SM5493A, SN54L90, SNE4LYy
S| SHM7490A, SN749ZA, SN7493A, SN74198, SN74L9
M ' DECADE, DIVIDE-BY-TWELVE, AND BIMARY COUNTERS

SULLETIN MO, OL-S 7211807, 08CEMBER 13
——

‘90A ... J. N, OR W PACKAGE

) ‘90A, 'L90 ... DECADE COUNTERS L90...J, N, OR T PACKAGE °‘92A...J, N, OR ¥ ®ACKAG:
(TOP VIEW) ITQP ¥IEVN

AN M SRR FCANY Lt Tk e sabis o B b

‘92A...DIVIDE-BY-TWELVE e e - et .
COUNTER A penly
. i i
'33A, 'L93 ... 4-BIT BINARY 1 i =
COUNTERS T o
‘{ r>- il P
description f ! T
i i
Tl eleDzslaleD sl .
Each of these monolithic countars contains four = R == = ;'J

=
master-slave flip-flops and additional gatirg 0 — - -
provide a divide-by-two counter and a thras-sige pasitive logic: ses function tables l
inary countar for whi e iprgm is
b y C or which the count cycle ierg i ‘934 ... JN.ORWPACKAGE 'La3...J. N, OR T PACKAGE

AR TN i -

divide-ny-five for thz "90A and °L30, divide-s i-six 1TOP VIEW) (TOP veEvn

for the "92A, and divide-by-gight for the "324 3rd — . ]

‘193, asammma | mmmesay !
T 1 I8N T [T T+ %

All of thesa counters have a gated zero reset ard ihe i [_” e N E NIRRT A -

‘S0A and 'L90 also have qated set-to nine ingeis for Q, . A L b " f &

dsa in BCOD nine’s complement applications. li r o e :E ,{ . , g
AR Bt | P 5

To use thir maximum count tength (decade. Jiy 2. = #ﬁ#ﬁ%ﬁﬁx’-—:‘w‘é‘r‘ o '-—17?-‘—‘."‘1:—" '

3 by-twelve, or fourbrr binary) S thase counizs. He
8 input s connacizg 1o ne O outpul Trz T pasitive fogic: gee funsuan ok

RefT iy reave gi S Semaceiien

count puises are asalisd 1o rout A and the

arz 3s deseribed in thz aparepniste functiga s
» TYPICAL
symmertrical divilaby-tin count can ha ohimesat TYPES PONER DISSIPATION
rorm the O0A ar ‘L3G countars by commactuing e Y U -
Qp output to the A ingu: indd :poivesy the .mout Zg; i i
. ) = ke 20 Y
count to fthe 8 input whicn gives 3 divida-sy.tIn ‘ShN
SQUArs Wave 1t output JA. Q- LA §20 v
. A ‘a3 1 i
functional block diagrams
_ ‘304, "L9n 924 ‘337,193
i
w2 = ! P
. i i abetioag LT
T - o 2
et a s ove
i l( s [ 703 !m
_i—l ~iyta YT A ELUNL
T ol " cx|
’ M 5 3 - ¢
‘<|‘ whp——1ln
[T ) ! ! A 25N .
: Aaltl
* H -.:;'; m PR PRLIL H
H «
4 a ] Lo %
) <{i |+ N cc
11 ]
. x ¢
!
. 1
_—L‘E
i

}-

g

Rory LIt

[

13 29t ﬁD’_
Pora j
Ao ED"‘
Ngen
[l

—> .+ + dymamicanout By rransi Srme B Righ bevel 10 2 1w wvel,

]
The J and K inputs shown without connecton are for referercs only and are functionally ac a high leval,
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9 ARV sty

-

. - !
oU=uY f . T ouTeuT i {

S e PROUNT o=} 4 Aty i
o 9¢ e oG . . L Ce 0 Sal 3

Ty T § =0 DR
' H
L Ly g¥ 1| [\ ¢ ; X{ ECUIVALENY Or 2 0= @
AL I R SR . i INPUT
il m w ; T | !

DO I O I L T L b ove T e ar
eoe g = * I A i now? g Non
PR S S 4 ¢ t M ow ! ;

i { b }:
| ol S R i 7 LM Wy
I U ow he E WLy
LI I R L s lw (SRS 3  d
! ML ML om il :
- LI ARl ‘ H L M n
12 HoWoL
13 Ho ot L oy
4 l HOH W z
18 1M W o oy ' ‘S04, 924, ‘934, ‘LSO, 'L93
TYPICAL OF ALL
‘924,934, 'L93 OoUTPUTS
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TYPES SNG54164, SN74164 . ‘
§.31T PARALLEL-OUT SERIAL SHIFT REGISTERS -
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absolute maxinum ratings over operating free-air temparaiure range funless otherwisa noted)
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SN731G4 Crreuits L . .. 0'Cem ;.
Stargge temperaiuie 1ang? P P . . v = »~65°C !:.: F_;
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PARAMETER TEST CONDITIONS

fmax Maxmur clock frequency l Cyp = 15 pF
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PHL N
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tPLH . Sce Figure 1
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PHL Q outpues from clock tnput - Cy * SOpF

TEXAS INSTRUMENTS

INCORPORAL
POST OFFICE BOK 5013 » OALLAS. TCAAS 73222




R R L LRV RPN SRR T

¥

TYPES SKR54L164, SN741164
8-BIT PARALLEL-OUT SERIAL SHIFT REGISTE
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yowottage, VoC (ee Note 30 0 L L L 0 0 L 0 L L L L. .. R Y

SV SEEE . . . o e e e e N 5V
ctimg fg dic tempuraturc range: SKGALI6S Cireuits . . . . . . . . L L . -85 Cwe 12' C
SII74L184% Ciicunte . . . ... ... ....... bcCwioC
cu TEMEEFGIULC range e e e e e e e . - e v o . .. =B5Ci011506C
-2
t e VNI ATE VAT TR T 10 N Teaor b Qruundg rereangl
; .
i -
" ..weondzd cperating conditions
d
: - ! SNOHLL B SKTLL10L ]
~ S " T
H ¢ - UG
RN KON RAX ] I oM MaY |
T N 1 ¢5 5 eslays 5 EaEl v
- gutn-tazrent, lgy i -232 ~200 0 &
T sstpas cureny, gy ! 4 4, me
- eune o g ek i o0 12 0 124 tnz
T dock or oear anzut pulse, ty, e 40 P ns
P Tt Tgargy, e Figoee 1) . A { o oao | nme !
L e o tser Figoe 10 | ' 0 fone
£ 7 Uit sweoernee, Ta ) WL 9 miocd
. -
=3 . ) s R 't
s atleristics over recommended Operating rature rance {uniess othenvise noted)
; - s m}
= SHRLL 1A H SNYLL 162 H
. FLRALLTER TESY CO! - Uty
5 AN TYR LAY R TVES RS i
P o 13 v
. T T
§ + . .
i
3 - 74 oz2 Pre ox vyt
3 : : ! :
..
3 H H
3 oo L or o<t
4
‘ i
; Crat L 2Rt 3 L im T . ! { Vomk !
' - Mmny ot eput cunren? ! Voo s wiRX, “0 Wi LA
E . LOA fe e @t cunient o Vee s R -CE 0L mE
S5 SRCHY € reut Sutpul cutrent s I Ve 1aax -5 -%0] -2 -2C] mA
LT Supity amert | Yoo = MAN,  Serilcce T 1 37 1% 27 me

1 ONL STiDwn us TSN Of WAX use the arpronriate viive specilneg _ s recommendean oneraling conditions,

Pvnlues meat Vee - SV, T - 25 C.
Tethan o rwzutpul tRould e shorted Lt a Time

'QC 1% st e With Cutputsy ohen, senal imputr PrONNUES, 19€ Loy Az o3t D SV, ond 8 MoTertary prounc, then 2.5 V| arting
1 clenr

“ching characeeristics, Ve =5V, Ta =25 C

.. PERAMFTER TEST CONDITIONS BN TYP MAX 1UNIT
. ~w  Meximum dock ficquency Cg = 15pF 1?2 18 HAL
. Propazs wmaelay time, tugh 16 fow-leve! Cp = 15pF 48 72
Py ns
. Couinuis tonn e tput Cp * 80 pt & a4
Ry = £00 12,
. Propaga teonueiay ime, low 10 hughelevel Cy » 150k g 34 54
S See Fagore 1 ns
Q outpsurs fram clock ingat _ o Cp = 20pk 10 K4 (4]
Fropagetsondeiay time, hgh 10-iov. Heved CLe 5pf ¢ 42 (2] ot
. 3
Q outfiets f@m ciocs ! Cy = L0k 1 50 74 )
——

TExAs ]NSTRL'MENTS

LR TARLITY N RN
BOSY W1 FICe BUR BULT ¢ DALLAY YiXxas 78222



TYPES SN54164, SH54L1E4, SH74164, SHT4LI64
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8-BIT PARALLEL-CUT SERIAL SHIFT REGISTERS ¥
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PARAMETER MEASURELENT IFCRMATION S
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SERIAL INFUTS
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Qp OUTPUT
{See Note O}
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" {See Note €1
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15V

VOLTAGE WAVEFORMS
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O. Qp output i
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FIGURE 1-SWITCHING TIMES
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TYPES SK54165,

PARALLEL-LOAD 8-BIT SHIFT REGISTERS
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-E TTIVETS, OCTOBER 1070- REVICED DECEWETR 1072
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TYPES SNb4165, SN74185 -
PARALLEL-LOAD 8-BIT SHIFT REGISTEnS
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functional block diagram
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply volige, Vec(seeNote ) . . . . . . . . . .. . ... ..

Input voltage . . . . e e e e e e e e .
Interemitter voltage (see Nole 2‘ C e e e e e P . . .
- — --Operating free-air temperature range: SN54165 C:rcuns . . ...

SN74165 Circuits . . . . . .

Storage temperature range
NOTES: 1, Vottapevatues, excapt interemitter voltage, are with res0ect 10 Network Eroung terrunal,
2. This is the voltage batween two emitters of a muitiple-emitior transiszor. For this circuit,
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C,;,;ed operating conditions ’
SN5L 165 SN74165
UNIT
M NOM  max | min NOM MAX
: ooty voliae, Voo 4.5 5 55 |&.78 S B5.2% A
:_,«-A,ueac.»l orput cursent, oy -800 ~800 | uA
_cw-tevel OUDUTL current, I 16 16 | mA
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PARALLEL-L0AD B8-BIT SHIFT REGISTERS
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7L TYPES SKL4166, SW74166
s sl 8-BIT SHIFT REGISTERS
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e ehn Thew teaiure gated ciock inputs and

r:ding clear input. The paralielin or serigi-in

z-e estehlished by the shifi/load input. When

high, tois input enables the serial data input and

25 the eight flip-flops for serial shitting with

cicta pulze. When lov., the parallel {broadside)

»-—D_,.L/ S&ie iTouls ere enzbled and synchronous loading

b i Seuts on the next clock pulse. During parallel

: serial data flows is inhibited. Clocking is

oscemntished on the low-to-tugh-level edae of the

rloch poise through @ two-input positive NOR gate

) permiieg one input 1o be used as a2 clock-enable or

o ala 1 » ciocs-"ubt funciion, Holding either of the clock

inputs high inhibits clocking: holding either low
P enzbues the other clock input. This, of course, allows =

,j > =q_ the sysiem clock to be free-running and the register

e L o, can bt stooped on command with the other clock

input The clock-inth bit input should Le changed to

the bzt devel only wvohile the clock input is high, A

sulte-eg, oircct clear 1input overrides all other inputs,
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TYPES SN&4166, SR74168
8-BIT SHIFT REGISTERS

PR

typical clear, shift, load, inh'xbit: and shift sequences
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FUNCTION TABLE rehematics
INFUTS VINTEFTIZLE EaUIVAL
= - UTRLT
_sHiFm) cLOCK TPARALLEL | CUTFPUTS |7
CLEAR CLOCK | SERIAL Cre
LOAD | INHIBIT | A...H {04 ag!
L % X X 3 X L Lo Vec
H X L L X X Qap Gz £l Dies
H L L i M . 2 2 i S
H H L t H X H Ca-y Qne INPUT
H H L t L X L eandd 230
H X H ' X X Qag Qent! Qpa

H " high tevel (sseady stata), L« fow level (steacy state) a

X v irretuvant Lorm input, «ncluding tranuitions)

¢ = tranntuion from low 10 high level

a...h = the levdtof steady-state input at inputs A thru H, respectively.

Qa0 Qg Qg™ the level of Qpa, Cg, or Qp, resdectively, bators e rnz.iated
steady-state input conditions were estabhished,

QaAn. Qg * thetevel o G, or Qg. respectively, betore the most-recent b trgns.2¢n of
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. rzimum ratings aver opersting free-air termperzture range

TYPES SK54166, SK74166

E-BIT SHIFT

REGISTERS

’

{unless othenwise noted)

|, vottage, Ve see o) . L L e e e e S A
CoomER - e . . S e L ... BBy
- ngiree-air 1empf*rature ranae: SNG4 066 C:rcuns l*ac— New 2V oo L - -55 Cio 125°C
. SN74166 Circuits B T S . 0°C1o70° (o4
PN 1Emperalureronge . L L, L L L L L . Tttt e - .o oL oL ... -B85"Cto150°C
~:ngzd operating conditions
7
| ENBL166 SN74166
UNIT
[t NOw 1aax | tan tom nax
L irmen,Veo LGk 5 55 la7s 5 &28 | v
—: =l SUIpUL Current, i . - 3 -E29 -800 sA
iaeeve AU Current, o 16 16 mA
zosency, faygen e 25 0 25 fraHz ;
<7 COCk Of Ciedr pubre 1, (see Figure 31 e 23 ns |
<. vl setup ime, feagn ER S I ne |
U, Tgeqyy, 500 Frgane 30 2 A ' ong
e st anw ORI, Ty Figuee 1) et P Um0
£ Ceeent ittinera re T 1oe g RO :
=) .2k ohE rEcteristics aver re wise noted}
i
PERAMETEH Jnes
i
v - et SNBUL VLD ; v
L T IRRLE v oy x-S v
vy * Tl clemp vatiags Voo < IAMR, dpe aor o p i 1.5t I
cc - 3
Veg =i, Yy Dy, ; ] [ !
VOm Reiiut! Outpat veltge \ j2e 14 | 26 za v ol
Vig *0EV, Jou = —pnl o H H
s Vee s Mil, Vig* oy, ki
Vo Lowdieve! ouiput voltags &) 0.4t 0.2
L s Ej VIL =05V, gy = 18 —r < S I G. 04, V
Y lrzs current at magnimum input voitage Voo = MaX, Vi=£gs\ 1 11 mA
iy Fughievel input current Veg s MAX, ViaZzy <0 40 ) pA
e Lowsdevel innut current Veg = MAX, Vysoz v -1.6 -1.6{ ma
g8 Snomercuit ootput corrents Vee = LAY —20 ~E7 | =15 —571 mA
ite Supply current Vee® MAK, Sec’.c-¢ 2 | 72 104 72 116 | mA
TUInrdicny s rown B MIN O MAX, use "m SRDIOPLiAtE value specitied LaCe- FEITTENOCE OPRIATING BORCINIC ng,
LT vEues g st Vee =5V, T = 2s‘c. '
*UMEME “hin € me GUIPUT 3NCUID L shorted at B time,
tr 1. Lhapt Values Bre wWith *#spuCt 10 network ground tereminal,
2. &n SNEL166 in the N FaChuge Operating ot frev.pir !rmpuawrn &1 z.¢ "22°C FOSUITES 3 heat sind TN provioes & Thermal
resestarge from case 10 teeeearr, RucCa. ot net more thun €2°C W,
3 Witk s Quiputs open, 4.5 V epplivd 10 the serial input, sl B1REt 1P _ s o €EPT the cluck Qroundec, :CC " Measured plter g
morenmary ground, then 4.5 V., is npplied to clack,
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svi1or.ng characteristics, Ve =5V, TA=25C
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NOTES 3 The clock pulse has the tolowing churagteristics. lyqeigza: ¢ 20 o< and PRR « 1 MHz. The ciear pulse has the falte™™
ChACIEr BUCE iylcluar) - 20 1 4 gy * O N5, \When et =3 S vaty the dlock PHA. T

. Ck inchuaes probe and 1g capacitance,

. All giodes are 1N306S,
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Propagation deley tirmed (pg  wR@ T} A7¢ Measured oqu g Prasee sutung At 4atd 1S venitind At Ly g WiTh 2 function?

Ay omow

Tn = bil time hetore cloching tranuiion
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HA741

' FREQUENCY-COMPENSATED OPERATIONAL AMPLIFIER

FAIRCHILD LINEAR INTEGRATED CIRCUIT

GENERAL DESCRIPTION — The wAJ4) 2 0 gh ow o A
CONSIIUCIEE viing the Fawchid Plangs ® $D418m:8] process, It v wwiended tor & wide rongs of sasing
EBPLcEOns. Hugn COMMOn MOaR vOITage renge and steence of LBtch-uo tenoencigs make the uAY41
wesl 100 U o8 & voltage 1oiiower, The hegh gan Bnd wide range ol ooersiing VORYE DroviGes peridr

L . " 2 » 8nd gonarel 1eedbect appiiCanOns. Elscircat enarac:
197181165 of the A T41A ang E are saentice 10 MIL 38510710101,

NO PREOUEMCY COMPENSATION REQUIRED

SHORT CIRCUIT PROTECTION

OFFSET VOLTAGE NULL CAPABILITY

LARGE COMMON MOOE AND DIFFERENTIAL VOLTAGE RANGES
LOW POWER CONSUMPTION

NO LATCH-UP

ASSOLUTE MAXIMUM RATINGS

Suppty Vorsge
BATEIA, pAT4Y, LAT416 22V
»AT41C 1BV
I1810rnet Powssr Dimipation iNote 1)
Metal Can 500 mw
Moioed ena ermene DIP 670 mw
My DIP 310 mw
Fistpax 5§20 mw
Oxtterontist laput Vottage 0V
Inbut Vallepe (Note 2; 118 v
Stevege Tempersture RAenge
Metat Con, Hormetc 0IP, and Fistaan ~65°Cro0180°C
M OIP, Molgea DIP -85 C1o+128°C
Cowrating Tempersture Renge
Miasry (nATSTA, LAT41} ~58°C10 +128°C
Commercwal (WAT41€, LAT4IC) 0°Croe20°C
Leod Tempersture (Satcering! )
Motal Con, Mermanic DIPs, ang Flatpsh 150 ) : 00°c
Maides DiPs (10 ¢} 260°C
Outaut Shert Cwrcust Duration (Note 3 inoghinig
SLEAD MIMIDI 10-LEAD FLATPAX
{TOP VIEW) (TOP view)
PACKAGE OUTLINES 6T 97 PACKAGE OUTLINE 3F

PACKAGECODES T A

o - v—T ]
s —— ==L

Nean

ORDER INFORMATION OROER INFORMATION
TYes PART MO, TYPE PART NO.
wAYeC SATAITC sATIA #ATRIAFM
nAYIC wAT4IRC =AY sA8 18

CONNECTION DIAGRAMSE

B-LEAD METAL CAN
- (YOP VIEW)
PACKAGE OUTLINE 58

Now Pin 4 connecing 1o case

ORDER INFORMATION

TYPE.  PART NO.
wATAIA  LAVAIAMM
»ATa1 wATeTHM
WATSIZ  SATOIEWE
»AT4IC wAT4INC
14-LEAD O1P
(TOP view)

PACKAGE OUTLINE 6A, 94

ORDER INFORMATION
PART NO, «
»AMIADM
wAT810M
»ATEIEDC
aA7410C
»AT4IPC

TYre
wAT41A
wA74Y
P TS
»AIC
»ATEIC

E

95




"FAIRCHILD LINEAR INTEGRATED "CIRCUITS * nA741

HAT4IC
ELECTAICAL CHARACTERISTICS l\.ls =118V, Ty » 25°C uniess otherseme 08¢ )
PARAMETERS isee detinitions) CONDITIONS Min Tyr [ MAX UNITE
Input Otiser Votiage Ag < 10 k2 2.0 . &0 m~v
{nput Otiset Currenr 20 200 AL
Inout Qs Current 80 800 o nA
Jnout Anvsncs 0.3 2.0 il
Ingut Canacitence 1.4 pF
Ottser Veilage Adruniment Range 218 mv
1nout Voitsge Aarge 127 13 v
Commen Moce Aewction Rano Rg < 100 70 90 o8
Svosly Voitags Aewerion Ratio Ag < 1080 = 0 150 Vv
Lorge Signal Voltege Gein Ry >2wn, voyr » 110V 20.000 200,000
A > 10k02 XE] 214 v
Outpun Ve
utowt g b A >2xn 110 1] v
Outbus Resistance 5 5t
Outout Short Corcust Current 25 mA
Supoty Current 1.7 29 mA
Power Consumprion 50 ” mw
. .
Teanuent Aesponse
Uity Garnl P e | Vs 20my, Ry = 2K0. €| ¢ 100 oF 83 Ll
Owversnoos 5.0 b3
Siew Aste Ry #2xn2 os Vin
T e Ioliowsng specihications spoty 1r0 CuTares20C
Inout Offser Voitage 1.8 my
tnout Ottser Current 300 na
1nout Buas Current 800 nA
Lovge Swnal Voitsoe Gain Ry > 2ant, vpoyr e~ 10V ;
Ourout Voltape Srmng l‘ 32k} 113 v
EOMIVALENT CIRCUIT vt 01 G st
o e
2 oy Qi
r‘ . O
won
oviarmg Qy o ~ ;'ru
-t v @y
TR
B a
oy
1l m:
. ot X
. Kl
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o
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National
Semiconductor

f \with 8-Channel Multiplexer

f General Description

e ADC0808, ADC0809 data acquisition component is a
monolithic CMOS device with an 8-bit analog-to-digital con-
- yecter, 8-channel multiplexer and microprocessor compati-
§ e control logic. The 8-bit A/D converter uses successive
s .;;proimatibn as the conversion technique. The converter
. seatures a high impedance chopper stabilized comparator, a
. 256 voitage divider with analog switch tree and a succes-
k. ove approximation register. The 8-channel mutiplexer can

geactly accass any of 8-single-ended analog signals.
The device eliminates the need for external zero and tull-
scale adjustments. Easy interfacing to microprocessors is
provided by the latched and decoded multiplexer address
sputs and latched TTL TRI-STATE® outputs.
* The dasign of the ADC0808, ADC0809 has been optimized
by incorporating the most desirable aspects of several A/D
" conversion techniques. The ADC0808, ADC0809 offers high
speed, high accuracy, minimal temperature dependence,
excellant long-term accuracy and repeatability, and con-
sumes minimal power. These features make this device
" dsally suited to applications from process and machine
control to consumer and automotive appfications. For 16-
R channel muitiplexer with common output (sample/hold port)
R see ADC0B16 data sheet. (See AN-247 for more informa-
on) »

ADC0808, ADC0809 8-Bit LP Compatible A/D Converters

Features

| Resolution—8-bits

| Total unadiusted error—+ %; LSB and £1 LSB

8 No missing codes . =

® Conversion time—100 xS

® Single supply—5 Vpc

8 Operates ratiometrically or with 5 Vpc or analog span

adjusted voitage reference

8-channe! multiplexer with latched control logic

® Easy intesface to all microprocessors, of operates
“stand alone™

® Outputs meet T2L voltage level specifications

® OV to 5V analog input voltage range with single 5V sup-
ply

# No zero or full-scale adjust fequired

® Standard hermetic or molded 28-pin DIP package

® Temperatwe range —40°C to +85°C or —-55C to
+125°C '

8 Low power consumption—15 mW

u Latched TRI-STATE® output

Block Diagram

START  CLOOK
[
Yo el = AR ———f——g
, | AT ]
o— R0 OF CONVERSION
{ CONTROL & TiNS ll © grennurm
o } )
G P : 3
SAuarog mryTs —~ ANALDS
o—{ smrcues SAR. :
[ S
: COMPARATOR : o o
o— i san® | _go
osTPUT 3T OUTIUTS
| T .-
L° 1 ] susitn 9
— ]
¢ ' ¥ ~
L : STCH TREE : .t
00— i
HETAOORESS | Ot ADDRESS L '
. . ° LATCH ] ﬂ t
! an anp o -
. tAve ‘::::: O~  pecopen I |
: 156A AEESTOR LADNES See Ordering
: . 1 1. 11 | information
k| (I o
: Ver GND AtFl) ALH-) ::m
k| . TL/H/S872-1
\

6-37
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ADC0808/ADC080

B

Absolute Maximum Ratings _ Operating Ratings motes1anaz - L3
(Notes 1and 2) - - Temperature Range (Note 1) TMINSTAS T
Supply Voltage (Vo) (Note 3) .6.5v ADC0808C. ~55'CsTo< 10}
Voitage at Any Pin —=0.3Vto (Voo +0.3V) ADCO0808CCJ, ADCOB0SCCN, 4§
Except Control Inputs . ADCO80SCCN ) ~40°CSTrS +85
Voltage at Control Inputs "=0.3Vio +15v Range of V¢ (Note 1) 45Vpcto 6oV,
(START, OE, CLOCK, ALE, ADD A, ADD 8, ADD C) - : 3
Storage Temperature Range —65°Cto +150°C, :
Package Dissipation at T, = 25°C 875 mw R

Lead Temperature (Soldering, 10 seconds) 300°C

Electrical Characteristics
Converter Specifications: Vee=5 Voc=VRer +, VRer(-)=GND, TamnsSTAS Tyax and foLk ™ 640 kMz unless otherwis
stated, . . .o

Symbol Parameter Conditions Min Typ Max
ADC0808 -2
Total Unadjusted Error 25C ‘ %
(Note 5) Tmin 10 Tax E1A
ADC0809 .
Total Unadjusted Error 0*Cto70°C +1
(Note 5) TMIN 10 Tymax 1%
Input Resistance From Ref(+) to Ref(—) 1.0 2.5
Analog Input Voltage Range | (Note 4 V(+) orv(—) GND-0.10 Veg+0.10
VRer(+ ) Voltage, Top of Ladder Measured at Ref(+) Veo Vec+0.1
VRer+)+ VREF(-)
2 Voltage, Center of Ladder |- Vee/2-0.1 | vegr2 Vec/2+0.1
VREF(-) Valtage, Bottom of Ladder Measured at Ref(~) ~0.1 - 0
In Comparator Input Current fe =640 kHz, (Note 6) -2 +05 2

Electrical Characteristics L ok
Digitat Levels and DC Specifications: ADC0O808C. 4.5VsVpo<5.5v, - 55°C<Ta< +125°C urdess otherwise noted
ADC0808CCJ, ADCOB0SCCN, and ADCOB0SCCN 4.75<Vor <5.25V, — 40C<TA< +85°C unless otherwise noted

Symbo} ’ Parameter , Conditions Min ' Typ , Max ' Units”
ANALOG MULTIPLEXER z
lorr(+ ) OFF Channei Leakage Current Vec=5V, Viy=5V, R
Ta= 25'C 10 200
Twmin to Trmax 1.0
loFr(-) OFF Channel Leakaga Current Vee=5V, Vin=0, 4
Ta=25'C -++200 -10
Timin t0 Timax -1.0
CONTROL INPUTS M
Vm(" Logical “1” Input Voltage Vec—1.5
Ving) Logical “0" Input Voltage . 15
T Logical “1” Input Current . ViN=15V N 10
(The Control Inputs) 1. .
hingoy Logical“O"lnmeum_a_nt' e Viy=0 .- -1.0
. (The Controt Inputs) I
lec Supply Current .. foLi =640 kHz 0.3 3.0
6-38




—

Electrical Characteristics (Continued)

Digital Leveis and D
ADC0808CCJ, ADC0808

T

C Specifications:

ADCOB0BC. 4.5VSVcgs5.5V,

~55°C<Tp< +125°C unless otherwise nc;tad

CCN, and ADCOB0SCCN 4.75<V¢c<5.25V, —40°C<Ta< +85°C unless otherwise noted

Symbol l Parameter Conditions I Min Typ I Max Units
DATA OUTPUTS AND EOC (INTERRUPT) ’

Vour() Logical “1” Output Voltage lo= —360 pA Vog—0.4 v
VouTio) Logical 0" Output Voitage io=16mA 0.45 v

VouT©) Logical 0" Output Voltage EOC lo=1.2mA 045 | .V

lout TRI-STATE® Output Current Vo=5V 3’ pA

! Vo=0 -3 A
Electrical Characteristics :
Timing Specifications Vo= VREF(+)™ 5V, VRer(-)=GND, tr=t= 20 ns and Tp=25°C unless otherwise noted.
Symbol Parsmeter Conditions Min Typ Max Units
ws Minimum Start Pulse Width (Figure 5) 100 200 ns
tWALE Minimum ALE Pulse Width (Figure 5) 100 200 ns
ty Minimum Address Set-Up Time (Figure 5) 25 50 ns
ty Minimum Address Hold Time (Figure 5} 25 50 ns
to Analog MUX Delay Time Rg =09 (Figure 5) 1 25 pS
From ALE
tr1. tHo OE Control to Q Logic State CL =50 pF, R = 10k (Figure 6} 125 250 ns
L tOH OE Control to Hi-Z . C_=10pF, Ry = 10k (Figure 8) 125 250 ns
te Conversion Time 1o = 640 kHz. (Figure 5) (Note 7) g0 100 116 i
fe Clock Frequency 10 640 1280 kHz
teoc E0C Delay Tima (Figure 5) o T 8+2u8 Clock
Periods
Cin input Capacitance At Control Inputs 10 15 pF
Cout TRI-STATE® Output Al TRI-STATE® Qutputs, (Note 12) 10 15 pF
Capacitance ;

Note 1: Absoiute maximum ratings are those values beyond

Note 2: Al

od with

Note 3: A 2ener dode wdsts, internally, from Vec

”e

which the life of the device may be impairod.
to GND, unless othewise specified.
1o GND and has a typical breakdown voltage of 7 Voc.

‘umoc:“rwommmbdmuchnnaloghputwmchwm'omudcondudlornmmhauwdugnomcﬁododmobobwgrmm!umdod-aw

greater mnmvxnuWy.mcpocubwl 100 mV forward bias o!mﬁodo.%munsmnuionqusmmloqvm does not exceed the supply voltage
by more than 100 mV, the output code will be correct. To achieve an absolute OV to SVpc input voltage sange will therefore require & minimum supply voltage of
4.900 Vpg over tomperah rigth initial and loading.

Note §: Total unadpssied emor includes ofiset, full-scale, linearity, and muitiplexer emors. See Figwe 3. None of these A/Ds requires s zero of full-scale adjust.
Howsver, if an a8 zero code is desired for an enalog input other than 0.0V, or if a narrow full-scale span eusts (for example: 0.5V 10 4.5V fuli-acais) the relerence
voltages can be acusted 10 achiove, this. See Figure 13.

Nolol:Comp.wmammlblbhac\memmmoroulolm PP ilized parat mmlmm!nhsdrocﬂymmcmmmmm
ttie temperaturs cependence (Figure 6). See paragraph 4.0. ~
Noto7:ThoaMclNdaungisWuowdnudomdockcyclo before the rising edge of EOC.
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ADC0808/ADC0809

Functional Description

Muitiplexer. The device contains an 8-channel single-end-
ed analog signal multiplexer. A particular input channel is
selocted by using the address decoder. Table | shows the
input states for the address lines to select any channel. The
address is latched into the decoder on the low-to-high tran-
sition of the address latch enable signal.

TABLE {
SELECTED ADDRESS LINE
ANALOG CHANNEL C
INO L L L
INt L L. H
IN2 L H L
IN3 L H H
N4 H L L
INS H L H
IN6 H H L
IN7 H H H

CONVERTER CHARACTERISTICS

The Converter .
The heart of this single chip data acquisition systemis its 8-
bit analog-to-digital converter. The converter is designed

CONTROLS FROM SR
L

" to give fast, accurate, and repeatable conversions over §

.. The successive azproximation register (SAR) performs 8 it-

1

wide range of timperatures. The converter is partitioned h::
into 3 major sectons: the 256R ladder natwork, the succes™
sive approximanon register, and the comparator. The con....
verter's digital ouputs are positive true. ~aab ”
The 256R ladder network approach (Figure 1) was chosen +
over the conventsonal R/2R ladder because of its inherent-~-
monotonicity, which guarantees no missing digital codes.
Monotonicity is particularly important in closed loop feed- ™,
back control systems. A non-monotonic relationship can -
cause oscillations that will be cata'strophiofor the system, -
Additionally, the 256R network does not cause load varia- _ |
tions on the refecence voltage. T

The bottom resissor and the top resistor of the ladder net-
work in Figure 1 27e not the sume value as the remainder of *
the network. The difference in these resistors causes the .
output characterisic to be symmetrical with the zero and ..
full-scale points of the transfer curve. The first output tran--r-
sition occurs whe: the analog signal has reached +14 LSB'_;"
and succeéding output transitions occur every 1 LSB later |-
up to full-scale. et |

erations to approxsnate the input voltage. For any SAR type: i}
converter, n-iteradons are required for an n-bit converter, |

Frgure 2 shows a typical example of a 3-bit converter. Inthe -
ADC0808, ADCO09, the approximation technique is ex:
tended to 8 bits using the 256R network.

REF(t] Oy

™
SIS

)

-
x
4

»
S=AAA A AA
'] VV'I AA A4

»
AAA
\A4

258R

=
AA @ AAA A
"TT VVy VWA seee

10
[y & COMPARATOR
NPT

REF(~) O—sd

FIGURE 1. Resistor Laddor and Switch Tree

TL/HISET2-2
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Functional Description (Continued)

The A/D converter's successive approximation register
(SAR) is reset on the positive edge of the start conversion
(SC) pulse. The conversion is begun on the faliing edge of
the start conversion pulse. A conversion in process will be
interrupted by receipt of a new start conversion pulse. Con-
tinuous conversion may be accomplished by tying the end-
of-conversion (EOC) output to the SC input. It used in this
mode, an external start conversion pulse should be applied
after power up. End-of-conversion will go low between 0
and 8 clock pulses after the rising edge of start conversion.
The most important section of the A/D converter is the
comparator. It is this section which is responsible for the
ultimate accuracy of the entire converter. It is aiso the

_comparator drift which has thel'greatest influence on the

repeatability of the device. A chopper-stabilized comparator
provides the most effective method of satistying all the con-
verter requirements.

The chopper-stabilized comparator converts the DC input
signal into an AC signal. This signal is then fed throught a
high gain AC amplifier and has the DC level restored. This
technique fimits the drift component of the amplifier since
the dritt is a DC component which is not passed by the AC
amplifier. This makes the entire A/D converter extremaly
insensitive to temperature, long term drift and input offset
errors.

Figure 4 shows a typical error curve for the ARCPB08 as
messured using the procedures outlined irt AN-179.

INFINITE RESOLUTION

m
L FULLSCALE " . PERFECT CONVERTER
m IDEAL CURVE (—=-< ERAQR=172LS8
. 10 “1% 5{ ; IDEAL 3-81T CONVERTER
-
g " 2 | vmonsten—.540
S in 2 ERROR 1
10 -1158
g o E ABSOLUTE
§ Lo NONUINEARITY = 172 LS8 'é ~ Accunacy
"ne ‘ ] ~1/2 138
m NOKLIREARITY = ~1/2 LSB & QUANTIZATION
-« b= 2ERQ ERAGR = -1/4LSB N
oo Lu Vin ] Vin
% I8 23 AR R AN VI8 MR AR B EAMN
Vin AS FRACTION OF FULLSCALE Vin AS FRACTION OF FULLSCALE

FIGURE 2. 3-Bit A/D Transfer Curve

QUANTIZING
ERROR

Pyt oV
VOLTAGE

———

FIGURE 3. 3-Bit A/D Absolute Accuracy Curve

REFERENCE LINE

FulL
SCALE
TL/H/S672-3

FIGURE 4. Typical Error Curve
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ADC0808/ADC0809

Connection Diagram

Timing Diagram

[

STANT

2 TT

Dual-In-Line Package
w =Y 2 -
ol TN
ns 2 LR L
]
e =4 — anoa
= LU
sranr -4 2 uonc
7 7
£ec — Apcwos ALt
2 Aocsse LT -tags
ouTAUT _8 10
ENASLE ™ | rz
cLocx =4 B 73
vee - e,
REPI%). L 2-2"“!
(17 x LK AEFE-}
1.4 LN
TOF VIEW

Mt m]‘ ml
b tazg—] X
— L
ABORESS 4% =
b n
ANALDG £
aL08 sTane
<
A
COMPARATDR
1rgT
xo0D)
v - -
v
naRLE )
(7 v — ’
Ll X :
k , L]
TMETATE
sutrun <
’
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Typlcal Performance C'haracteristics

13, r
f= 128004
1
T 4 / g
3 g <
E . fes AR 8
£ 1> $40 KMz 2
T £
t -85 77 =
-1 fo= 1200 k12
-1 ! |
(] 15 15 s 6
Vi V)

FIGURE 6. Comparstor i vs Viy
(Vec=Vrer=5V)

TRI-STATE® Test Circuits and Timing Diagrams

Ta=5°C

FIGURE 7. Multiplexer Rox vs Vin

(Vee™= Vrer=5V)

thy, CL=50 pF

Y

50%
Lison

Yk thit tii, CL= 10 pF
Vee Y
Vee "k
ouTPUT
ENABLE 0%
10%
ouTRUT
enasLe O "

tom, CL= 10'pi=

1

—— e
GND

1 AN
;’/ \\\
Ta=-40C . -2
[ ]
[} 128 25 11 §
N Vi)
TU/H/S872-S

Y

tos tio tio, Co =50 pF
Vee Vee . tf}=— "
Vee
esTrUT 0%
T 1L ang - W%
. GN®
oUTAUT
ENABLE ¢
Vee
-J_ - “'I' ouTruT 50%
= = vor
TLIN/G8T2-0
FIGURE 8 .
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ADC0808/ADC080¢

. Applications Information

OPERATION

1.0 RATIOMETRIC CONVERSION

The ADC0808, ADCOBOS is designed as a compiate Data
Acquisition System (DAS) for. ratiometric conversion Sys-
tems. In ratiometric systems, the physical variable being
measured is expressed as a percentage of full-scate which
i8 not necessarily related to an absolute standard. The volt-
age input to the ADC0808 is expressed by the equation

YN D )

Vis=Vz Dmax—Dmin :
Vin=Input voltage into the ADC0808
Vis = Full-scale voltage

Vz=Zero voltage

Dy = Data point being measured
Dmax = Maximum data limit .

DN = Minimum data limit

A good example of a ratiometric transducer is a potentiome-
tor used as a position sensor. The position of the wiper is
directly proportional to the output voltage which is a ratio of
the full-scale voftage across it. Since the data is represent-
ed as a proportion of full-scale, reference requirements are
greatly reduced, eliminating a large source of eror and cost
for many applications. A major advantage of the ADC0808,
ADCO809 is that the input voltage range is equal to the sup-
ply range so the transducers can be connected drectly
across the supply and their outputs connected directly into
the muitiplexer inputs, (Figure 9).

Ratiometric fransducers such as potentiometers, stra
gauges, thermistor bridges, pressure transducers, etc., ar
suitable for measuring proportional relationships; howeve
many types of measurements must be referred to an abse
lute standard such as voltage or current. This means a sys
tem reference must be used which relates the full-scal
voltage to the standard volt. For example, |
Vee=Vaer=5.12V, then the full-scale range is divided int
256 standard steps. The smallest standard step is 1 LSt
which is then 20 mV. e

2.0RESISTOR LADDER  LIMITATIONS

The voltages from the resistor ladder are compared to the
selected into 8 times in a conversion. Thess voltages are
coupled to the comparator via an analog switch tree which
is referenced to the supply. The voltages at the top, centet
and bottom of the ladder must be controlled to maintain
proper operation, *

The top of the ladder, Ref(+), should not be more positive
than the supply, and the bottom of the ladder, Ref(—);

. should not be more negative than ground. The center of the

ladder voltage must also be near the center of the supply
because the analog switch tree changes from N-channel
switches ta P-channel switches. These limitations are auto-

. maticafly satisfied in ratiomatric systems and can be easily

met in ground referenced systems. ;
Figure 10 shows a ground referenced system with a sepa-
rate supply and reference. In this system, the supply must
be trimmed to match the reference voltage. For instance, if

"a5.12Vis used, the supply should be adjusted to the same

voltage within 0.1V.

T Vee
L_. REF(+)

A 4
4
5

= ADCSI08

FIGURE 9. Ratiometric Conversion System

DIGITAL
ouTeuT
PROPORTIONAL
T0 ANALOG
INPUTY

Sour

VIN _ Vin .
Qoyt= Vrer ” Voo

478V xVpom VREFs8.25V
* Ratlometric transduters

e e e e e




Applications Information (Contiwed)

The ADC0808 needs less than a milliamp of supply current
so developing the supply from the reference is readily ac-
complished. In Figure 11 a ground referenced system is
shown which generates the supply from the reference. The
butfer shown can be an op amp of sufficient drive to supply
the milliamp of supply current and the desired bus drive, or it
a capacitive bus is driven by the outputs a large capacitor
will supply the transient supply current as seen in Figurs 12.
The LM301 is overcompensated to insure stability when
loaded by the 10 uF output capacitor.

The top and bottom ladder voltages cannot exceed Vee
and ground, respectively, but they can be symmetrically less
than Ve and greater than ground. The center of the ladder
voltage should aiways be near the center of the supply. The
sensitivity of the converter can be increased, (Le., size of
the LSB steps decreased) by using & symmetical reference
system. In Figure 13, a 2.5V reference is symmetrically cen-
tered about Vog/2 since the same current fiows in identical
resistors. This system with & 2.5V reference aiows the LSB
bit 1o be half the size of a 5V reference system.

AKX
;'
vec . ¢ i
SUPPLY vie
("]
VRer REF(+) DIGITAL
. : o OUTPUT
ouT REFERENCED
O—{ 17 10
vi{o—df ¢ GAQUND
O— |:n
1— REF(=} 158 v
®-— GND Oour=—2t
Vaer
ADCO808 4.75VS Voo =VRer SS25V
FIGURE 10. Ground Referenced
Conversion System Using Trimmed Supply
v
vee
" \ MSB
T \
bl DISITAL OUTPUT
Vage & iy %oyt REFERENCED TO
REF(+) O 1a7 GROUND
Vin { O— 5
O 1ad Vu
REF(-} L8 T
AEF
v Rl ATEVEVoc- Vner 525V
ADCOSSS ’
TUN/SET2-8

.
-

FIGURE 11: Ground Referenced Conversion System with
Reference Generating Vg Supply
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ADC0808/ADC0809

Appli(:ations Information (continueg)

18-15Vpe . so-

Vee
REF{+)

. -2
»
< + 1BuF
SR . —=sotmm
. T TANTALUM
e )
— REF(-)
FIGURE 12. Typlcat Reference and Supply Circuit R
sV Rk
7Y B
VWA— vee
2IVY e Ms8
fa7
*
) K DIGITAL BUTPUT
1 our PROPORTIONAL TO
b ANALOG INPUT
A 125V S Vi S 75V
[y 'nl
¢ = ELLE P ’
25v
REFERENCE fAg tsa
VW~ GND Ra=Rg
*Ratiorretric raneducers
FIGURE 13. Symmetrically Centered Reference :
3.0 CONVERTER EQUATIONS 4.0 ANALOG COMPARATOR INPUTS 2FE

The transition between adjacent codes N and N+ 1 is given
by: .
N
Vw-{(Vaem )‘Vnsr(—ﬂla"‘m]ivme}* Vaer(-y @

The center of an output code N is given by:
N
Vw{ (VRer(+) "Vnes(—))lz—s‘;]t V'rus] + VREF(-) =]

The output code N for an arbitrary input are the integers
within the range:

Viv—Vees(-
N-—"—ﬁi—l—.«zss:wsouum-cy @

VREF(+)~ VREF(-)
where: Vi = Voltage at comparator input e
VReF(+)= Voltage at Ref(+ )
VReF(-)= Voltage at Ref(-)-
Vyue = Total unadjusted error voltage (typically

The dynamic comparator Input current is caused by the pod::
odic switching of on-chip stray capacitances. These sso -
connected alternately to the output of the resistor ladder/ i
switch tree network and to the comparator input as pt ol
the operation of the chopper stabilized comparator. i

The average value of the comparator input current v-hi;,;
directly with clock fraquency and with Vinas shownin Fg-

T web. T - AR
y etagsy

If no filter capacitors are used at the analog inputs and the'-
signal source impedances are fow, the comparator mn;;
current should not introduce converter errors, as the -
sient created by the capacitance.discharge will dis out be-<i:
fore the comparator output Is strobed. ot
I input filter capacitors ere desired for noise reduction and
signal conditioning they will tend to average out the cynamic ;23
comparator input current. It will then take on the v,

’
- etz
o

B
B

VRer(+)+512) i istics of @ DC mias current whose effect can be predchd'—“;“
conventionally. . sl
» 6"6 ,
. 1 - - - . oo . .
AR .- e s e - FE
ot
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Typical Application
_l INTERKUPY
500 kHz—] CLK (13 .
ROGAES —
Seeeat 5.000V—4 VREF(+} EoC INTERRUPT
{AD4-AD1S)® 0.600V == VREF(-)
-i—bon —~a
START -2f—>on ‘.
FRITE ALE 7-3 p———a->pp- 006
}—>on
ApD—4A -5 p—>m
AD1—{8 :gm 7-4 j——ap 082 .
Auz—4¢C 7=7 p—p- 881 ’
23— 008 ]
SV SuPPLY T
vee I Vin8
GND -
-5
GROUND = e ANALOS
. WPUT RANGE
Ing—Vin 1t
TUH/S6T210
* Address letches neaded for 8085 and SC/MP interlacing the ADCOS08 to & Microprocessdr
MICROPROCESSOR INTERFACE TABLE
PROCESSOR READ WRITE INTERRUPT (COMMENT)
8080 WMEMR MEMW INTR (Thru RST Circuit) -~
8085 RD WH 2 INTR (Thru RST Ciscuit)
Z-80 RD WH | TNT(Thru RST Circuit, Mode 0)
SC/MP NRDS NWDS SA (Thru Sense A)
6800 VMAed2eR/W VMAs$sF/W | TROA or IRGE (Thru P1A)
Ordering Information . )
TEMPERATURE RANGE —40"Cto +85°C —~55°Cto +125'C
Error + v, Bit Unadjusted ADC0B08CCN ADC0808CC ADC0808CY’
+ 1 Bit Unadjusted ADC0808CCN . i
Package Outline N28A Molded DIP J28A Hormetic DIP J28A Hermetic DIP
6-47




DACO0800/DAC0801/DACO802

772 National
77’1 Semiconductor
Corporation

Converters - i

General Description

" The DACO800 series are monolithic 8-bit high-speed cur-

rent-output digital-to-analog converters (DAC) featuring typi-
cal settling times of 100 ns. When used as a multiplying
DAC, monotonic performance over a 40 to 1 reference cur-
rent range is possible. The DACOB00 series also features
high compliance complementary current outputs to allow
differential output voltages of 20 Vp-p with simple resistor
loads as shown in Figure 1. The reference-to-full-scale cur-
rent matching of better than + 1 LSB eliminates the need for
full-scale trims in most applications while the nonlinearities

of better than +0.1% over temperature minimizes system.

error accumutations.

The noise immune inputs of the DAC0800-series will accept
TTL levels with the logic threshold pin, Vig, grounded.
Changing the V| ¢ potential will allow direct interface to oth-

'DAC0800/DAC0801/DAC0802 8-Bit Digital

-to-Analog

The DAC0800, DACO0802, DAC0800C, DAC0801C and
DACO0802C are a direct replacement for the DAC-08, DAC-
08A, DAC-08C, DAC-08E and DAC-08H, respectively.

Features
| Fast-settling output current

Full scale error
Nontinearity over temperature
Full scale current drift

High output compliance
Complementary current outputs
Interface directly with TTL, CMOS, PMOS and others -
2 quadrant wide range multiplying capability

Wide power supply range

-~ 2100 ns
+1LSB
+0.1%

+10 ppm/*C
-10Vto +18v

+4.5V to £18V

er logic families. The performance and characteristics of the Low power consumption 33 mW at t5V
device are essentially unchanged over the fuli+4.5V to Low cost
+ 18V power supply range; power dissipation is only 33 mW
with 5V supplies and is independent of the logic input
states.
Typical Applications
1ov
3 DIGITAL INPUTS
Mig 158
81 82 8] g4 85 96 67 01
100 0
PIPTIPTY ™ S
h
b, HSSIIJWIIH; —O
oAcass Vour T0 28 Ve
5%
15 e,
l 3 16 17 1 2 —O0
> A1k | }_l HJI Yoyt
‘-.-Ei tc l—'-l:'
. v oBolLf v
. ! - TL/H/5686~1
FIGURE 1. +20 Vp.p Output Digital-to-Analog Converter (Note 4) o -
Ordering Information '
) . - Order Numbers
Non-Linearity Ten;perature - -
. ange J Package (J16A)° N Package (N16A)* SO Package (M16A)
$0.1% FS | —55°C <'Ta < +125°C | DAC0802LJ ,DAC-'OBAQ ’
+0.1% FS 0*'C < Tp £ +70°C DAC0802LCJ | DAC-08HQ | DACO802LCN | DAC-08HP DACOQOZ_LQM
£0.19% FS | —55°C X Tp < +126°C | DACOS0OLJ | DAC-08Q )
+0.19% FS 0'C < Ta < +70°C | DAC0B0OBLCY DAC-08EQ | DACOBOOLCN | DAC-08EP DAC0800LCM-
+0.39% FS 0°C < Ta < +70°C ,| DACOB01LCJ | DAC-0BCQ | DACOBO1LCN | DAC-08CP DAC0801LCM
*Devices may be ordered by using elther order number.
5
4-6 -
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Absolute Maximum Ratings (vote 1)

If Military/Aerospace specified devices are required,
contact the Natlonal Semiconductor Sales Office/
Distributors for availability and specifications.

Supply Voltage (V+ — V=) %18V or 36V
Power Dissipation (Note 2) 500 mwW
Reference Input Differential Voltage
(V14 to V15) V- toV+
Reference Input Common-Mode Range
(V14,Vi5) V- o V+
Reaference Input Current 5mA
Logic Inputs ’ . V- toV- plus 36V
Analog Current Qutputs (Vg~ = -—15V) 4.25 mA
ESD Susceptibility (Note 3) T8DV

Storage Temperature

‘Electrical Char acterlstlcs The following specifications apply for Vg =

-85°Cto +150°C

Lead Temp. (Soldering, 10 seconds)
* Dual-in-Line Package (plastic)
Dual-In-Line Package (ceramic)
Surface Mount Package
Vapor Phase (60 seconds)
Infrared (15 Seconds)

Operating Conditions (ot 1)

260°C
300°C

215°C
220°C

-~

Units

Min Max
Temperature (Ta)
DAC0802L =55 +125
DACO0800L ~55 +125
DAC080Q0LC 0 +70
DACO0801LC 0 +70
DACOBOZLC 0 +70

Tuax uniess otherwise specified. Output characteristics refer to both loyt and IgyT-

‘C
°‘C
‘C
*C
‘C

15V, lpgr = 2mAand Ty S TA <7

20809VQ/10800VA/00800VQ

DACO802L/ DACO800L/
symbol Parameter Conditions DAC0802LC | . DAC0800LC DACOSOILC | ;e
Min | Typ | Max |Min| Typ { Max |Min| Typ | Max
Resolution 8 8 8 8 8 8 8| '8 8 Bits
Monotonicity 8 8 8 8 8 ‘8 8 8 8 Bits
Nonlinearity +0.1 +0.18 +0.39] %FS
A Settling Time To +'4 LSB, All Bits Switched 100 | 135 100 | 150 ns
“ON" or “OFF”, Tp=25°C T, .
DAC0800L "y <100 | 135 ‘ns
DAC0800LC 1 100 | 150 ns
PLH,  |Propagation Delay Tao=25C |
PHL Each Bit 35 60 a5 60 | 35 60, ns.
All Bits Switched 35 60 35 60 35 60 ns.
*Cleg Full Scale Tempco +10 | £50 +£10 | £50 +10 | £80 {ppm/*C
o Qutput Voltage Compliance|Full Scale Current Change 1 =10 18 |~10 18 |—-10] 8 1{ v
<% LSB, Royr>20MQ Typ A i
£54 Full Scale Current VRer = 10.000V, R14 = 5.000 k2]1.984} 1.992 (2.000{1.94| 1.99 | 2.04 [1.94] 1.99 | 2.04 mA
. R15=5.000 ki1, To= 25"C 4 A
'rsg Full Scale Symmetry leda—~Ies2 +0.5114.0 *1 | +8.0]. +2 | £16 ] pA
s Zearo Scale Current : 0.1 1.0 0.2 2.0 0.2 | 4.0 pA
%sp  |Output Current Range V== =5V 0 |20121|-0]20]21]0f20]21] ma
V- =-gVio - 18V 0 20 (421 0 2.0 421 0 20 4.2 mA
: Logic Input Levels L )
Wy Logic 0™’ Vic=0V 0.8 g 0.8 . 08 Ve
Iy Logic 1" 2.0 2.0, 2.0 v
Lagic Input Current Vig=0v '
W Logic “0" —10V<Viy< +0.8V =201 -10 -20| -10 =20 ~10] puA
5 Logic 1" 2VEViys + 18V 0.002} 10 0.002| 10 0.002] 10 nA
Y Logic Input Swing V= =5V -10 18 |-10 18 [~10 - 18 v
ViR Logic Threshold Range Vg= %15V -10- 13.5]|-10 13.5 | =10 13.5 \4
“he Roference Bias Current ) -1.0(-30] .| -10}-30 ~1.0] -3.0§ pA
"srat Reference input Slew Rate | (Figure 12) 4.0 { 8.0 ~1 40| 8.0 40 80 | . mA/ps
9SSles + |Power Supply Sensitivity  4.5V<V + <18V 0.0001 001{  [0.0001] 0.01 0.0001} 0.01 | %/%
,PSSles - —-45VsV-<i8y -10,0001{ 0.01 0.0001} 0.01 0.0001} 0.01 | %/%
S lRgr = 1mA
. Power Supply Current AVs= £8V, \ggr=1mA - 7 - Fo-
e . . 23 | a8 23 3.8 23 38 mA
LR . —43]|-58 -43] —-58 —43}] 58| mA
Vg =5V, - 15V, Iggr= 2 mA . .
e s 24 {38} 24 | a8 24 | 38| mA
- -64|-78 -64] ~78 ~84|-78| mA
Vs= £15V, lngr=2 mA . |-
e i - 25.) 38 25 | .38 . 25 | .38 mA
‘- —65 -7.8 -65] -78 —-85| -78] mA

4.7 -



DAC0800/DAC0801/DACO0802

——

Electrical Characteristics (continued)
The following specifications apply for Vg = 18V, |

REF = 2mA and Tyyn. = T < T MaXx unlass otherwise specified. Quips
characteristics refer to both loyt and lout- ’ )

- DAC0802L/ DACO0800L/
Symbol Parameter Conditiona DAC0802LC DAC0BOOLC DACasaiLC (1Y
Min | Typ'{ Max | Min Typ | Max | Min | Typ | Max
Pp Power Dissipation | 5V, Ingg=1mA 33 48 a3 48 33 48 ma
5V,— 15V, Ipgp =2 mA 108 136 ics 136 108 136 | ma
15V, Ingp =2 mA 135 174 135 174 135 | 174 ma
Note 1: Ab Maxi Ratings i hmits beyond which damage to the dovice may occur. OC and AC efectncal specifications do not apply whoen opuratn,
the device beyond its specified operaung conditions, .
Note 2: The i j i of the DACOB00, DAC0801 and DAC0802 is 125°C. Fer perating at al devicas in the Dual-inune

J package mus ba derated based on a thermal resistance of 100°C/W, junction-to-amtrent, 175°C/W for the molded Dual-ln-I_ino N package and 100°C/W 11 2w
Smak Qutkne M package.

Note 3: Human body model, 100 pF discharged through a 1.5 k1 resistor.

Note 4: Pin-out numbers for the DAC080X rej.zesent the Dual-In-Line package. The Small Outline package pin-out ditfers from the M-lm.&_ne package.
. .

Connection Diagrams

Dual-In-Line Package _Small Outiine Package
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DAC0800/DAC0801/DAC0802
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.Typical Applications (coptinueq)

FIGURE 3. Basic Positive Reterence Operation (Note 4)
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FIGURE 4. Recommended Full Scale Adjustment Clrcuit
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Typical Applications (continued)
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61 B2 B) 44 3% 86 47 M

BICIT AL INPUIS

(813

“HA, = ﬁ{mhnr-ooss. oulput 1s symmetncal about ground

81 B2 B3 B4 BS B6 B7 B8| Eo
Pos. Full Scale 11 1 1 1 1 1t 1]+0960
Pos.FullScale—tSB 1 1 1 1 1 1 17 0|+9.880

(+)Zero Scale 1 0.0:0 0 0 0 0j+0040
(—)Zgro Scale 01 t 1 1" 1 1 11-0040

{Neg.Fuli Scatle+LSB{0 0 0 0 0 0 0 1|-9880

Neg. Full Scale 0 0 0 0 0 0 0 0]|—9960

-FIGURE 8. Symmetrical Offset _Blnary Operation (Note 4)
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Bi B2 B3 B4 B5 B6 BT B8llgmA|igmA| Ep Eo
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FIGURE 6. Basic Unipotiar Negative Operation (Note 4) l *
p—O 19008V
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Neg. Full Scale 0.0 0 0 00 0 O]|+10.000 -9.920
FIGURE 7. Basic Bipolar Output Operation (Note 4)
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DACO0800/DAC0801/DAC0802

Typical Ap’pliéations (Continued)
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FIGURE 9. Positive Low Impedance Qutput Operation (Note 4)
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FIGURE 10. Negative Low Impedance Qutput Operatlaﬁ (Note &)
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FIGURE 11. Interfacing with Various Logic Familles

FIGURE 12. Pulsed Reference Operation (Note 4
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Typical Applications (continued)

-

(3) Irer 2 peak negative swing of Iy .

* *Vpee .
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FIGURE 13. Accommodating Bipolar References (Note 4)
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FIGURE 14 Settllng Time Measurement (Note 4)
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‘DAC0800/DAC0801/DACO802

Tyyical Applications (continued) .
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FIGURE 15. A Cémpiete 2 us Conversion Time, 8-Bit A/D Converter (Note 4)






