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Audio Signal via Fiber Optic
By
Mr.Thanet Soponwichettawong

Advisor:

Prapakorn Suwanna

Because of rapidly increasing demands for telephone communication
through out the world,multiconductor copper cables have become not only
very expensive but also an inefficient way to meet these information
requirement.The frequency limitations inherent the copper conductor system
(appf%xima@ely 1 MHz) make a conducting medium for high speed communication
necessary.The optical fiber,with 1ts low weight and high-frequency
characteristics (approximately 40 GHz) and 1its imperviousness to
interference from electéomagnetic radiation,has'become for all heavy-demand
long-line telephone communication systems.When the optical fiber is used
with _FSK modulation techneque,this decreases data losses in the cables and

.

at the destination tﬁe~§ignal is also retrieved with very small distortion.
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2.2 LEB

At T LMLmvlvﬁlﬁuqun‘mfmia f- 1 oo vius (Forward
Bias) Mz lUSMES Lﬁammmf%qﬁrﬁ’m%nw'n = W LED ( Light Emitting
Dicdes), VLEDs (visible Light Emitting Diodes), W@ solid state (Solid
state lamps) Win photoluminescent diodes Wiawwn LED (Timomuumess -
B fimisi R v WS e ARTFR ifumnmﬁmm‘wmmm%ﬁ i
B Isarmugnis LT e WA RR LI 1S LRAATEME R WML

i URSRENE T WA AW LED NasuaNEnr B e e e an S n e
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WU (photon)  WATWRAPEN IWMTARPINT R r L E e F- 1 'B\ﬂj
B 1 ReEd-TmR nqm"ﬁﬁummmwmﬁu‘nmu T 2.1a umavimen #- 54

Wy 1 SRR W] 'i;m""l;iﬁﬂ'l-:'uﬁmﬂq_lﬁ" 2.1b fhmin Ben ShSuSm TR ENEA MY
UBRTEMDT (R I AR T WAL Valence UASITY conduction ?m%w?mf"’m sz
e ar el AN e MLt USSR PR energy gap W TERIT MRTAS MDY
WAy valence Foomifhwrmssuvg CWEMIAU R A laermues e e any
conduction (v iamammu iTuwmesnvg Wil ilnern Toeuas iaemeEuEY anSh
PR LT U Ve (uwmeshuio mmmz%'\qﬂ e Urorveesrmsshufiny
(minority carrier injection) PPN AT Lfmmm“'ﬂﬁm ﬁnqﬁm‘lﬁm
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BB TIRLTRDATMMOY  valence  URSHTRING laFRTEML AT IR B 1Sk
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R5 ax AN ARR AN Lﬁmm'lum‘:ﬁ'ﬁ‘m"l direct-gap (Gallium Arsenide Gafs PPN
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3. MRTENEN BN vNEan
4. USERVBM W IR
5. IS S havann aud . BENTLALAURSR SR L TN RR DT %N
SRRFUL  LED T ROt R AR R Ry e FEY oy tﬁaﬁamﬁmqum“ﬁaﬂwﬁm:ﬁwﬁ
e I e aqmﬁumw‘”"lﬁ’a‘m%‘u LED TPl uashasermeiuzn s Lsionmn tas
2O (2AEENUSERVEN W TR LED vemwen MmN GaAs, GaP MID GaAp Faurasie
WBNARTRE

¢TA 1 LED Material Guide

Approximate | Typical Emission Wavelength
Material Bandgap eV nm
Ap —
GaP, N doped 2.8 530 — 595 565
GaP, Zn doped 2.24 530 -~ 575 553
SiC 197 430 - 700 520
GaAs‘GP“ 192 €30 - 660 645
GaP, Zn0O doped 1.76 615 - 730 700
GaAlAs, red 1.78 660 — 720 690
GaAs, Zn doped 137 890 - 920 905
GaAs: Si 1.33 890 - 980 930

Gallium Arsemide Emitters

Gallium Arsenide s direct gap usx e sl
Umara 1.37eV i muai TR P F (B infares § 0.9 WY AT TrRENTER
VT e R T \PREN P band-to-band recombination WASNF WM P
AW ALY 2 e S SELT A Remn weiEer eSS
WANEBER TN O sl e Tineranin VEN ua:‘twmuﬁtmﬁuﬁ%qp
U imE W Gads ST Wauﬂ:q'ﬂa‘:’wguﬁu% e uES nfuﬁﬁmﬂmﬁuﬁﬁ@u
ﬂ:awy‘mﬁu;mz%l"ﬁ% Wy L FER 2% 2N eRuMiTY ﬁqﬁtﬁ"ﬂma‘mﬁmﬂﬁrifuaﬁu%
e N T T AN e T2 re Tt m":qllm'ifuﬁaxtﬁmmﬁ’x’faﬂ wuim iavan
“MnU mshﬁ‘:um\’mﬂmum\mm) WA L D s Tud g ST
WA DU W A hRe. AT ussfuWu forbidden gap fa
AT TR PRI TEAILIRR N (intermediate levels (ﬁuwﬂﬁ ol Pt Ul T RETE-t

USRS NS I U RN TSN Gads  FRnaua NI U ToR e BT TaR uas
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NG o T T R TSI P, QN T X SER, & wdbpAreRime T
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e

sinu, = nl/n2
iR ny B aTmiiinmenwnnes 1

Ny O AN IM2awnAaTN 2

WM GaAs UREETTA  (n, = 3.6 WAX ng=1 ArWRPL) wirefve
16 o dunilvenaay L Senisdmiivnennnsaen fa

LE = (l - COS&C)

WRSAMIU  GaAs + air eB 4% SiflEuvilauna e AR Es i (U 30% ML
aardEapiaNF gk G Ty ﬁﬂﬁﬁnﬁ%ﬁmﬁmwmm&mmuuaﬂqwqmzmzu 2.8% LT
W WIS wazin 100 % fam m%’uu-::ﬁwﬁmwmanﬁﬂq?ym Serrorr it
FiaN L174'&1m%rﬂﬁ'ﬁuamﬁmmﬂﬁﬁma%qamzuvﬁ\mwmu%u \BLS (A TEERE AR LWL
fFEmTE M Ls‘ﬁxdﬁuﬁmﬂqm\:ﬂmﬂ?mwr&mm aﬁmﬁ’aﬂﬁ'qmﬁmmnrri‘lﬁmﬂmum\:

n, #m ny (REMPa 3.6 #MIU Ga As URzENW) R TR e R e T R
WINEBAWW & s Irof FeparS e (EuS Iaeern (T Gaas WM peesdien
G 10 wh (FVONYRISTLIEN 25 vin ucimwyifuﬁ \Fshmenu Gans TEARUTEAMS
HRAN) amﬂ%"'\mwmmawﬁmﬁ;ﬂﬂm‘hw’mmﬁmﬂ”ﬁ'ﬂ i epoxy AvesdiFnmTIiN g
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WNNUGTR  LED ulu Gads a:z],mﬁm%uﬁ'mmﬁ(fia H- v %ﬂnﬁ‘:"m‘hﬂmﬁ
unsrwSounsrananedvre=d  (zn) W Lﬂﬂgt%ﬂutgatﬁmxumﬁntﬁﬁﬁ (single
Crystal Homogenous Tellulium)ﬁ!\l}i’lumﬂ (substrate) a&j'ﬂ‘ImU (doped) W Lﬁu',:p
W (Flat)w%aﬂﬁﬁLﬂﬁﬁﬂ?ﬂﬁ??&unkﬁmﬁéhwﬁﬂﬂRMHaﬂGaAs(GaAs Hemispherically
Domed Structure) s - BwuAGreuiu A e Tk NIHAA VIR
(GahAs WID epoxy) W AU sy ﬂmlmrﬁﬂﬁﬁmﬁwvmmﬁ‘qﬁa 9"oR
GaAs : Si N rise time Uaz fall time e LED WUU GaAs LNoRmEg

VEESrEaE WSS 18V QRUAAN TN 2.4

Pout @ 1% Power| vy @ | A .
Tvpe |Pkgl Min 1t mA| Angle® [Max | 1f mA|Peak Features ﬂ a
mw v T, " g
wﬂ,ﬂi Tyl
TiL23 A 940 S0 35 15 | 50 |083 Pill package for double-sided 1 \%f LN £
TIL24 [ 1.00 50 3 (15| so0 |0g3 printed circuit board mounting : v
) -1~ i
TIXLO6 | B 0.6 500 115 |23 | 500 }jo.9t 0.0075 ins tiat emitter oot <
TIXL12 | B | 400 300 130 20 | 300 jo93 0.036 ins dome emutter A B < [}
TIXL13 (8 | 200 300 130 20 | 306 |0.93 0.036 ins dome emitter
TiXLi4 |8 | 60.0 1000 130 2.0 {1000 |0.93 0.072ins dome emitter
TIXL1s {8 | 300 | 1000 | 130 |20 [1000 [0.93 | 0.072ins dome emirter f
TIXL16 | € [2000 {2000 | 150 {2.0 [2000 [093 | 0.072ins dome emitter 1 Tom
‘| SL1183 | D (2000 2000 20 2.0 12000 [0.33 175 mW into 20° cone
SL1191 | € |350.0 3000 150 2.0 [2000 093 Available with 20 teffector
TIXLI9 | E | 100 200 - 20 | 200 }0.8S Matched for use with
TIXL20 | E 5.0 200 - 20 | 200 |0.82 photoemissive sensors 2
TIXL2Y | F | 100 200 - 20 } 200 {o.BS Matched for use witlf t 3
TIXL22 | F 5.0 200 - 2.0 | 200 |0.82 photoemissive sensors -
TIXL26 § G 0.50 3B - 14 35 (0932 Industrial emitter
TIXL27 |t 15.0 300 135 2.2 | 300 (0.94 Stud Header
TIL3 4 33 4 100 10 11.75] 100 {0944 | Hermetic TO-46 B
TiL32 |K | 05 20 §5 [1.60f 200 }0.944 | Plastic, 2 leads ®
1 } L]
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NI (MU TS 2,18 ev GaP AwA TR WRENEIAGE TS
NInESnrT I Zn0  BvasMTWRANE TSN L FABIOLTN SnESRen T PR
FUEDETL MU valence UASDBAB IR s ALY valence LT
HEWTLOLUTIUSZ W 1. 8ey TP IET 0,69 WIATMT \WTISRST 1 e (B
i et U= B m (A LR EELAN LT T Freiarinm e s i

GaP FNTN Gads WEFBMSHRRAMLEMIMEY  §1T GaPp wrwauaNEiae
s En B eed i 150 st edmeiuenT # uas Lﬁuﬁa%
At eelimremii | Sniles uﬂ::aanmm‘un-zﬁuﬁw‘rﬁwﬁﬁ Aakriar et isisy TR SN
\uedivey ua:i‘fuwﬁwma:zpmm'lﬁ Vi Tumerad i indmusnneSwmTenan iy
TPEW U TNEDY Gap FWELEELAN ‘Ima%*lmﬁn&ha:ﬁaum:qpumﬂﬂ' (T
SeFuihaias Luﬁ"au?mmﬂuéj‘\uﬂ;ﬁ\a R uRsus Lwﬂﬂﬁm'ammzqmmmmmn Wi

MWW (e TReiauay

1.0p=

RELATIVE LUMINOSITY

- ~ A
0.1}
1 ] !
400 500 600 700 800
WAVELENGTH nm
ORN T VO I Y L
380 450 490 560 590 630 7
VIOLET GREEN ORANGE
BLUE  YELLOW RED
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Gallium Arsenide Phosphide Emtters

Gallium Arsenide Phosphide LED mi‘fm‘:’aa*iqm\mqﬂ':wﬁﬂ?uau Wl \wiEn
mvﬁﬁmﬁ‘; FRTAFEN Ty GaP (817 inderect gap) i GaAs (F17 direct gap)
Gl A hedn el B diadwneein ®180 i aw iR EeiTsing 55
MWWTLRT 28N GaP uar 0.9 WIATLWRTIAN  GaAs '3})1’71; 2.6 WAANANET WG T
AT TP LUENEDN uRsRTEreL B Ga AS 1Py Az
direct gap i x Serisrrin 0.45 uasfiesnamh 0,45 Sasrew e indirect
gap WRTUTERVBA MITRRRNEE N TH LT Wmﬁqumﬁww:ﬁﬁmm 1.96 ev &
ATFLATUMTIFEN  0.63 WWTWRT W iuew iiunanmeSHae Ga AsP FEN
WIREVTTE Ll (AR NS  Beuasdlia NI MR NTINETT
EEL DTN UE BN MISARREENN | LIRS TR RR T AR b
Lﬁuum"'hzaﬁ’wqunﬁ e FeL 0.6 AT BT

WywWRE  Ga  AsP LED OPRTINTINENT GaasP 78m n ‘?J‘\rn\mgs:uumumq
Gafs WatidEernH- Bz WA PR w S zn e uned T WL A Toern

[

W tﬁmnj,ﬂwﬂﬁmf"m‘mmummmmmm'? (phanar process) wi*razx;imuua'mﬁu‘ké’qnu;l
WIBRE (o aneasheET ML A e aen) wﬁﬂﬁlﬁﬁ'@ﬁﬁm:ﬂﬂﬂ?ﬁﬁ%\i 2 ¢rm
AnNTRER T BL (BN Gads) ’u:zj,mn?é.wﬁthoamgﬁw{fﬁxﬁa uazﬁﬂuﬁw&ﬁ]mwm\:
WD AN MU T TS TR DN T AN *ﬁaﬁmsnﬁﬁ\aﬁf{aﬂﬁqﬂmm% ISICRTEN!
ﬁﬁﬁﬂ&uﬂ:’lﬂ’gﬂm@ﬂ%‘a \§n 0 @miy discrete LED M%gﬂﬁ" B A MR

LEPNEYINGTY LR



900
E 800
.
<
=
o
&
4 700
w
>
; TRANSITION FROM
DIRECT-INDIRECT
6001
500 1 1 ] | i i 1 1 1 1
o ' 0.2 0.4 08 08 1.0
Gaag X, MOLECULAR FRACTION P OF GaAs,  P_
o o
W 2.6 AR, vs AMMUNSFELZDNGaASP
Output ¢ @1f Vg [ A ¥
Type | Pkg Min Tvp mA | Max mA [setures
fL v
=
TIL203 | A 375 750 10 20 2 TO-18-<clear lens
TIL204 | A 375 750 20 20 20 TO-18-red lens
TIL205 1 8 375 750 2 20 20 Coaxis! package-clear lens
TIL206 | B 375 750 20 20 20 Cosxial package-red lens
TIL207 | C 375 750 P 20 2 TILES header-clear lers
TIL208 | C 35 750 20 20 x TILE3 header-red lens
TIL209 } D 15,07 - 2 20 20 Al plastic-red
TIL210 | € 25 v - 20 20 20 All plastic-red large
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2.3 Photo Diode/Transistor
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Phototransistor
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NOTE: THE DIODE IS COINCIDENT WITH THE TRANSISTOR
COLLECTOR-BASE
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WHERE ¥m = SMALL SIGNAL COMMON-SOURCE
B FORWARD TRANSFER ADMITTANCE
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2M 2123937 Photo FET
W Tl Lm‘itﬂ:qunwfﬁu ~ FRNETIN AN EBReu uauuessray uas
RAAG QURRTCI e Lﬁmﬁuqumafm:: LW LGRNPMTTI L RN AN BsN 1 A Lﬁﬂ"lﬁﬁﬁmm
4

oER BT I R eSS WM R IH zuﬁ 2.13

WA EVT SR RSEIRenN © NS LSRN Ltazﬁwmﬁﬁmmamaﬁwﬁw

Light Current Dark Current Power
Type Pkg| Min Max @V Max @V Diss Features rg
nA nA - T i

LS400 | A 1.0 — 5 2% 0 50 Herrmetic glass package A
LSe00 | B 0.8 - 5 2 30 50 Pill package a
TIL601 | B 05 30 5 25 30 50 Round lens .
TIL602 | B 2.0 80 5§ 25 30 50 For mounting on doublesided
TiL603 | B 40 80 5 2% 30 50 printed circuit board
TIL6O4 | B 7.0 - 5 25 30 S0
TILEO5 | C 0.5 3.0 5 25 30 50 Same a3 LSE00 except with fiat
TILB06 | C 2.0 50 § 25 30 50 lens for wider field of view
TILEO7 | C 4.4.0 80 5 25 20 50
TiLeos | C 70 .~ s 25 30 50
TIL603 | O | 05 30 5 2% 30 T 50~ _Cosxial package
TIL610[ D | 20 50 S5 ~|- 25 30 s Round lent
TiLet1 f o | 40 80 & 75 30 50 For mounting on single-sided
TiL612 ] O 7.0 - S 25 30 50 printed circuit board
TIL613 | E 0.5 30 5 25 30 50
TILE14 | E 2.0 50 5§ 25 30 S0 Same as TILEOS except with flat
TIL6IS | € 4.0 80 5 25 30 50 lens for wider fieid of view
TIL616 | E 7.0 - 5 25 30 50
TILE3 F 04 - 5 2% 30 50 Low cost TO-18 header
TiLE4 F c.4 16 5 25 30 50 with epoxy lens
TILES F 1.0 40 S 25 30 S0 Operating tempersture
TILEE F 25 100 S 2% 30 50 range — 40°C to +80°C
TILET F 6.0 - 5 25 30 50
TIL78 G 1.0 - s 25 30 50 24ead plastic package,

31117;' 2.13 FEAreu WM T LI Ias g Y
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Device Type

' Advant ages/Uses

Limitations

Photo-resistors

Photo-voltaic

Photo-diodes

Photo-transistors

Photo-thyristors

Photo-Darlington

Photo-FET

Response in visible spectrum,
Large light to dark ratio,
Large sensitive areas available,
Zerc offset voltage.

Voltags generator — na external bias required.

Large areas available.

Efficient conversion of solar energy.

Very linear with respect 1o radistion in short
circuit mode,

High speed operation — 1076 to 109 seconds.
Good linesrity with light levels and temperature,
Low noaise.

Viide range of spectral responses visible to infrared.

Integral current gain, can drive TTL,
Smali sizes availebTe for close spacing, wide variety
of packages.

Highest output current.

Light used only to trigger — will remain ‘on’
zhier fight removed.

Can be used 10 switch high voltage with isolation,

High current output at very low light fevels,

Sensitivity adjustable by RG selection,

“
High gain ~ bandwidth product
Good low temperature operation.

Memory or hysteresis effect.
Limited temperature range.
Slow response — mitliseconds.

Slow speed of recponse.
Low level outputs.

Low level outputs.

Limited frequency response, S00kHz,
Non-inear with respect to light levels,

Highly temperature sensitive.
Poor dV/dT performance.

Long response time,

Higher leakage current due to gain multiplication.
Non linear with intensity snd temperature.

Non linear.

Poor high temperature characteristics.




2.4 Fiber Optic
iR T MM TR Y BT Fahinsne e FRn
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centering ——| =77 cleaner and fiber coating
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~ Computer-controlled
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drawing "
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1. Core—quartz

2. Cladding—silica
3. Jacket-acrylic
4. Buffer jacket
5. Strength member

6. Outer jacket

Single mode

3uﬁ 2.15 M7 IAREUREL AL

Polyurethane
Quter Jacket

v

Strength

v

Buffar jacket

Silicone costing

Cladding (silica}
Core (quanz)
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3. Lé’udﬁq]uﬁmma:m‘lm‘mm =TS

Strength Members

Optical Fiber

“:Juv"x" 2.17 MaUT=nauns (SR

aveTErauey LAens shrvueaafiinm ersnumagie SennnT e
#17 (doping) m-:ﬁl‘u’aqmmfh‘m PR LA TN i L e B TulinTToituee
WM Ny wRsATIEENE i (%duum‘ju) n, (Waﬂﬁﬂu Ny = 1.48 UAZ n, = 1.46)

ﬁﬁ:ﬂuiﬁﬁmﬂwmfwmtﬁuﬂaﬁﬁa TULUZENAT N (mode of operation) @M
ga R T T WM BT DAL E NI T ML PRI AR
AN T TR 1 NS E TN 1 winSiFga Y 100,000 udn S
Wi ™ v BT ML AT S wiaL e Tod mﬂﬁmmﬁﬁﬁﬁq Lﬁuﬁmm\:ptw LA
(single mode) UREMEBIMUY (multimode) FNIU 2.18

Refractive index profile Lﬁumﬂuﬁuﬁuﬁﬁmiﬂmvﬁnﬁ%ﬂwmﬂﬁ\sﬁa@wrm
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1. ATt (step index)

2. ATy (graded index)
e TR\ koL Ve m?;zmuumatiwﬁu%?m’lmmmﬂu‘lugumﬂqu TRt T KT ot
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Dispersion e
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1. Lﬁummﬁguwm?nuu {(Multimode step-index fiber)

2. el uve e TiuY (Multinode graded-index fiber)

3. Léﬁnm-rmﬁ%u?.umu Wi (Singlemode step-index fiber)
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e 1 caa tantare

5. f1 Mode Field Diameter (MFD) ﬁﬁWuﬁﬂﬂﬁﬁlﬁhdﬁayﬁhﬁﬁﬂmﬂu

Numerical Aperture (NA) P T AN B T I TT N LR e
T e ﬁuﬂvzwu&ﬁhﬂuﬁg&wﬁnﬂiﬂquﬁﬂnﬁ WPMTWT=TW AN NA TRsusm T ianii
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NA = 2(n21 < n22) -

TR L TR a eSS a e UM ﬁ\aaﬁmaﬁwmvmmﬂmm
uaﬂﬁwﬂﬂﬁqﬂ (maximum light propagation angle) ﬁhﬁﬂaﬁﬁﬂuqﬂk%éﬂﬁﬁ T IHEN

MTEENTY (cone of acceptance)

ICHOI

input Output

NA = sin 6
= Low NA

Acceptance
cone High NA

EU 2.19 Cone of Acceptance
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1. Fused tapered couplers
2. Beam-splitting couplers.
3. Reflective star couplers.
4. Optical multiplexers
5. Optical demultiplexers

6. Dichroic filters

Port Port
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A A Y
2NN IR
A RN /
R £ VN 1
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e

QraviNEEY Tavi LA error iﬁqmmﬂﬁmmﬁaimmﬁ uRsASUIWEN veo "Waras

[
£
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fg Fumﬂﬁm\aﬁqmﬁum fpoan M fp AR f PrmrpssRmuARy
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aEEn e | HaSrEnEn s Sae VR s W SUs e Lm"tﬁj‘nﬁnﬂﬁm\:‘iwuﬁ W
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ARDANFTNE PLL SRR 3 uE SR e S g N N e N IS p T T e g T A ety
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B LPF WER VO snnehiiEe surmmnetEuiauLnn (Positive feedback) Pz 1T
BRI PLL Sxaapcul gl ]
WemAEUTEY  error Vg (t) Swim LPF Weewh pLL 13w
“Capture” R Tl xa 11 fg DY VCO Fiats-xa 3l ] ‘umﬁuvgw WA L
=f Wwrmsi T8 PLL " Wa =D (in lock) dia pLL pWEmERbeen v
e (1) AR LFRP RN WA T Control Yoltage V4 (t) F91uen
| BRI T error \DUFFAATWERTN (de) mw""lﬁmuqm VCO Wilerrad inFuead
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TIFURRA B TR LS e Wl w i v e S
(Pre Amp)wé'mmﬂ”ﬁumnzmﬁnmﬁm‘mﬂnﬁzzqmmﬁn &wmxuﬁnrfm:gm‘wmﬂﬁ
frdaemﬁuﬁm‘m (Band Width) ‘htr-f‘fmwm\thum’nﬁ"vh (Low Pass Filter)
T A/D azmmmuammmé”arﬁuw‘ﬁﬂwm‘mﬁ:uﬁfﬁmlﬁ'ﬂﬁ Lﬂuﬁiwwix’ay‘mm.ﬁ%m'
8 i fiusfeon 8 DI dAn mev A/D i Lﬁktmﬂu‘m Faiu L‘s"nmmum-:dqi'ma‘ga
BED g T ﬁﬁuﬁﬁnuxmumﬁqmﬂ@umm TrETWTA BT (Shift Register)
i RN sy i’mganqm’hmfu‘mmn%qmmﬁﬁ T
A Werfumdn i tﬁammzﬁmm’nmeﬁhﬁa‘m LS Lﬁmr"’n}umﬁ Lfmﬁuﬁurshﬁ\sﬁ’mﬁﬁu
Wﬁmrﬁqmm’ﬁﬁwnguqmqu"mga AR aB ﬁwqm%mﬂmmq Clock
U8:  Control ﬁuﬁamﬁwﬁ%ﬁmmﬁﬂm et A/D uax IWTIFwET uasdn
Soraeeiore %’q&wwﬁqﬁ;am‘hga 8 v ayrrsREgruBIN TN PTG a
(Summing Amplifier) m%ﬂwmﬂmﬂmm VN Aemfe Sgradivees
qnmmﬁmﬁmrﬁnmﬂz‘ﬁq‘uaﬁww*lﬁh@m@ (it (Modulation) ¢re BT FSK

- . 1) i} J & ] :— ﬂlllal
Modulation WMl Voltage Controlled Oscillator FETIME LM TWHENNT s

¢
(-

qmi’ﬁn:ﬂmf'ﬁwﬁuﬁm PR 3 erad formraSmBeiara A
waviEnm ‘high level W= 820 KHz tmzm’nﬁﬂmﬁ'm‘{a low lerel U@ 600 K
Hz muﬁm‘“ﬁmm‘fm‘;ﬂ high 1level uaz 1low level ‘ﬁ"nmm‘uﬁquﬁmﬁq (Center
Freguency) M%'Dm’uﬁﬂavﬁlru‘m’mz (Carrier) WM Tavweahen LA TAY SR
fSimaHy LED WM LED Driver ﬁww@aﬁmmm’lﬁagﬁu;mm unzay

FU e MAY (Fiber optic) (o TS E LR

3.2 W7 Pre Amplifier

s ifvsnaenmsemes SRS | RS TAT
Arsnrmefsay e USimsn i (emuanf umd M3s7  LM3ay Jrergn uasdl
amuesn] 2 ﬁ‘lilt‘i;'luﬁf‘:ﬁ\ﬁl\lﬁ g2n USunanfy ti’nmawf'?'ﬁﬁwmwmuﬁﬁ S e A
AR ISR 0.65uVRys (RS = 600, 100 Hz - 10kHz) W& Supply

Rejection Ratio M 110dB (f= 1 kHz)
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Non—Inverting AC Amplifier

MU SR RN I TR BN T e

End
[ _ |

WL non-inverting e | TupisssrrfiEn MDA TR T WilanslT el

EUﬁ 3.1 7937 Non-inverting AC amplifier
Inverting AC Amplifier
FMLERNETAUR (AT 300 aY) TR inverting ERsE gty
AR e men (Over  Load)ianBuwann  mTmreSrpriinsmh 2008 WL
Wi inverting WENTFERMM R5 Fo\ThupcusH woim TR rundorei L

o
N JNANT MIEEAUARSIN TR EAN TR

t)vs
a1 ¢®
T "
2 &
b t1,7)
Ry Py

"M 3.2 T Inverting AC amplifier

Unity Gain Inverting asplifier

FBBENTEMSU LT unity gain FETERMTIMTIHETIN N2 (VD 7)

Wi 4 (vSp 5) sty 10 wh voeadl Ml ST b g e ol g
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Frumrnifoundy R4 mﬁmmmﬁ%\wmanﬁrﬁuw Wit adrEuen o
Wy it ho i '}u?‘uﬁ 3.2 ﬁuﬁmuﬁquﬁﬁ'm\:mréuwfn RSTMTURG T
mﬁ"gv (Verrafien Fa loop gain Jerann Attt inverting input XeFwiDEaN UR:
RS inlonufhu il ﬁm’nﬁiﬁgu loop gain Nrraeay 1M IWAW inverting impedance
oS mderone e RS el ing i RS Dy | ThusF i T e
ﬁqu%qﬁnwsmawﬁ 10 0N HFEMTEMIEY R Fonwe RSINMRG  SRmEEATER 10 WER
TR (TR TPV R4 SENEU vinzes RS (FMSUW Lﬁ”ﬂwhmn) URE R8 (VM
R4 (FM% unity gain) udrvave=d Lfmm‘tﬂ‘hﬂiﬂﬁ@iﬂgﬂﬂ'ﬁ o 1B S TR

UWSWEZNER TR R4 @D RS Nemilbwntn 10 Sulerrwan dhiasfiowin Rs tuu

an'm{n-m R-¢ Lﬁa’lﬁﬁmﬂdﬁuﬁm’uﬁgmmﬁﬁmﬁm‘hﬁmna%vmﬁ

Ce
i
i —

f
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l
=

R 3Lh°4" 3.3 W Unity gain inverting amplifier
ﬁ?ﬂﬂ"):&ﬁu WAMDENLY unity gain S RNIUMTIMEN inverting amplifur
WA 18 12 v ﬁxﬁﬂmm?‘«muf"ﬁﬁﬁ 20 Hz input impedance t¥i7f 20k
U8r load imped,ance Wil 100k
R R2 AR
1. Rin = Ré6 = 20k
2. M unity gain R4=R6, R4=20k

3. mnyﬁ' 3.2

1

R4 (Vs/2.6 -1)R5 = (12/2.6 - 1)R5

3.62 RS

1"

R4
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Lﬂﬂzﬂ‘a‘fu
R5 = R4 / 3.62 = 20k / 3.62 = 5,525
W RS = 5.6K
4. R5//R6 = 5.6kx20k = 4,375
. 5.6k+20k

5. R7 ¢ RYR4 = 4375x20x10° = 3,684

10RY-R4 10x4375-(20x163)

W R7 = 3.6 k
6. ¥MT f, = 20 H,
W cz = 0.5 2F
7. wmmidan ¢y W Tuenendidmita ﬂumm’immoi‘nﬁﬁ'mﬂxﬁeg‘ﬁ W
PSR TMAI TP #8 20kHz

W Cy = 0.002 aF

3.3 'NT7T Low Pass Filter
FravesfimTewnE TR uET (Shannon) AR M TR RN VR PENTPD
Lﬁm‘m\;%tmwmﬁuﬁﬁﬁmmuﬁmm w%“nﬁ'rﬁmm‘fwﬁw'nﬁ’mﬁmummﬁuﬁfﬁmﬁnzm
m's;‘hv‘hmhxa‘w‘ﬁuﬁ"u TMrNE Lfmﬁﬁnﬁﬁ&wuﬁmmmwmmqﬁm
MR TN TN T TR AT (Low-pass filter) Wﬁlﬂﬁﬁdﬂmmwmwnwnﬂuﬁuﬁﬁﬁ
TN R
FiTiouersfUEPe L (Band Width) WL o uEh tTErRNEMMTEN
el TaN "mﬁi’mu‘tm’"'lﬂ“'laiqtu' Wity ?Fimﬁnm'un‘"‘tumﬁspﬁﬂnﬁw Fg Sersrryi
w38 WrFURDN BRI f, ¥
= F

S o

LY A ]

R oY erglxm””mﬁﬁ\v‘fwmm’nﬁ foy = 2f, WOA FrerTsimame | Sarrinerrsiil
@M (Nyquist Frequency) WUR¥PUIIE  Tn=1/(2f,) 1 i mswhehilam

(Nyguist Interval)
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1uﬂ11UﬁﬁﬁLﬁﬂwﬁﬂlﬁuﬂuaﬁﬂﬂﬂ1ﬁﬂnﬂ11d1ﬁLﬂﬂlﬁﬁlﬁﬂ (Nontinearity) e
PR TEaE Lﬂﬁmﬁ’ﬁrmm“"lumﬁjxﬁ’rmﬁ’m fq snArAETTAT via fsn
iy swesfidnannrmn wheuuL S Eae . WSty Send
2.5f, Wi 5f, wm 10f, AW
ylwmnnm\r.hum’nﬁ;ha“mi'u LM387 “Whan T $humemnmen
winsiRen R, feNam ¥ A, usz T, ui sunoeuaen K BB
K= 1/ (4@%(Ag + 1))
\#ianen C1 Wineemriien
wWh c, = KCl

FURF Wo TN We = 2sf . usz Q

ui R2 = 1/(2Qw LK)
R3 = Ro/ (A t1)
R1 = Ro/Ag
Rz
.cz
R N L
\‘."O——J\N\p——l—NV{- D -
tmzgr DL Ve
L+

——

'u__'vAv‘:;n

'li——ll——l
2 3

31171' 3.4 T Low pass filter
FEEN Y WMEEININT T TENUAT R WL 2 R bl Pass band
gain Ao=1,Q = 0.707 (Butterworth) WAz Corner frequency fe= 1OKHz Supply

Vgz12 ¥
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1. K = 1 = 0.25
(4)(0.707)2 (1+1)
2. 8N C; = 560pF
3. Cp = KC; = (0.25)(560pF) = 140pF

W €2 = 150pF
4. WavTn = 0.707, WozWe=2sf,

5. R2Z = . 1 =80.4K

(2)(0.707)(2 ) (10kH,)(560PF)(0.25)
W R2 = 82k

6. R = 82k = 41K

»n

~
sl
’-—A
i
P
N
1]
o
N
i
[20]
N
<

1
8. R4 = 82k = 39k = 33.5K
(12 - 1)
2.6
W R4 = 33K

3.4 19T Analog to Digital Converter
So Fovehuverree el eliSnnaumugenn WSody
W NER 7 mmmﬁtiﬁmmmﬁq hiSgamsu @ an i i RsUBS

w by Tensemarrussibei urSE A wERdl 1y 2 TUFe 0" uax “1”

Srraurditimee 80 0 Seliferm Suii Swnirnedensnd e wmTRE MR
v wWBmSransfon ieese a/0 avuers s uirodteos wii uns

WRBraAETIGY D/A
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1o Monostobe

31J17"| 3.5 T A/D
4
Digital Control Inputs
Frnareu MRiineF e 31 f CS, RD Ua: WR TS Ng
BrETUT I ed duMn €S (21 1) s RD (1 2) SegeEAvATTA mlum
0 active Low hshmueumvrr ey A/D PETBMIEMINTR A/D IS

WURWITIW VTN WR T low ﬁx}ﬁﬁmﬂmlﬂv'ﬁnﬂgf’m Monocstable Multivibrator

3

Gl
J
Analog Differential Voltage Inputs and Common Mode Rejection

a/D %Wﬂumﬂmﬁn u‘fnmmmrmumum\ﬁ‘mn:uﬁé"arﬁurm
B vin (=) (1 7) AN e B W ussiium !
WM MUSNGUNTLE  4nA - 20mA WAL connon node AANENTTIRRRY
P EETBMATINZENEUY 139 ETIEINMITERSEEN vin (+) uez vin (<) w4 A
anweruUShanRm WM error GG e e L Sl TRy
u’:\v‘mﬁm!m%vam .

Ave(max) = 23focm . (4 . S/fCLK)
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T Av,  f@ WIWM error BviN Sampling delay
Vo FD FrMEMINY common-mode voltage
Tem #0 common mode frequency

fhmhv iy WemeSen error WHTRL/4 LSB (5 mv) (v R common-
mode frequency f., 50 Hz URAE A/D clock, oy 640 KHz u=len Yo STl
Vp = (&V¥e(pax)-Tork)/ (95Tcp)
wiB

Vp = [(5x1073)(640x10%)1/(6.28)(50)(4.5)

A
©

Vo = 2.3V

Input Bypass Capacitors

Bypass Capacitor %wm:xﬁaumgtamﬁmata DC MRS ¥y LN
YRVZDUHRNTT TimamsuSan u-:zqf'f'az”ui Themdrmiumatuaire i P TUEuM
vin (#) B e FMIUmA R eSS nreu R 640 KHz uas v
vin (+) 5Y MUA DC TFNFNALTRNG 52V IWTIERAT bypass capacitor “biFTaz
Qrﬂﬁ?;awﬁnrﬁuﬂw w30 1 VREF/2 a"m’ium’nﬁ’mwmﬁgﬁ (>1k ) N input bypass
capacitor  NETWTI 1ﬁu_a‘m-°mm\1§m*mmm URSFT BT I U RN Hnammem

X e T D e A T RIS NV o et T T B e Sy g gu i e T p T WP LR

Input Source Resistance

FrsnmEEr BRI R iR By input bypass capacitor “W# =i

WIWLTR error ﬁﬂﬂwmmmfﬁ*qfﬁmmﬂum pe2oNglpg g b T T g oy
Fm3udn passive RC w8 (Fin op amp RC active low pass filter FwmSumTgd
mmﬂaﬁmﬁnm‘ﬁiﬂm TeiEen 1k bypass capacitor 0.1zF #ﬁumﬁ\ﬁ&ﬁ]]

QRBITUFTIMN L PR RTaRyala 2ty mﬁaw*mqmmm‘amﬂﬁu'n FTRRTIMIUEMT 100
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A
.

AN IHEsnsN (PRl A9 R IR ¢ Sxrriouersu NN e vk

]

op amp

Noise

a*m?ﬁm‘?mnwﬁﬁnrﬁuw (6 Ul 7) FTIE TR L Ten T \Hoany
TR e L 0 %qﬁru’nmnmmmwffm Lﬁnmqmﬂﬂm‘u\ﬁﬁmﬁ W
F’quﬁnﬁuﬁwﬁ AEMTWTELL FARTBEPME A T WL AP Y VR TP s
WA 5 K a“m%'uﬁhm'uﬁ“mmﬁqqn"iﬁ% 1 Lmﬂxﬁwwwmﬁﬂxﬁmmvmqm
VP ﬁﬁlﬁUﬁﬁ:@Uﬁﬁwﬁaﬁﬁuﬁuﬂw (Input Bypass Capacitor). ﬁﬁavﬂra:uﬁﬁbgﬁu
wamrm‘ * Lﬂuﬁ‘:rr‘r'ﬁnﬁw“amnmﬁ' GAIHTRL  UERRR R T AT e
AT AR n‘fmmrﬁm‘fsn_lm:qﬁaztﬁuﬁﬁ Laﬁ'ﬂmmaﬁmﬁ'vﬁmﬁuﬁw (Transient Input
Switching Current) 2By A/D mmhwa“mmommﬁguﬂg;m%qmm’mmméqm (Tiisien
AN WRD AR EuNm mmmﬁm%qrwﬁmﬁmﬁ’mm*m L

Firauns A/ e afi i muinerm Hireseh (PR EWRRDDY

-
i, B

el

Span Adjust

(RO ST BER M MM TN MR A/D IMETRN0MERrL LN IRE T

1

IR 5V, 2.5V URSL TR NENUSUAT fuaan i 3.6

Vee Vage!

28

V&
i ( DIGITAL

CIRELITS

n wut

>
et _.;:_F}—

AA
VYV

ENRL DG
preoot CIRLUITS

AN
VWA AN o = A
T
l -

AAA

N
A0NE W DGKT 10
o

=\ 77 i

guﬁ'3.6 WY Span adjust
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WRFRAE PPN LTS NB T E i (TR LT eI TR VS LY T8
FdRi VREF/2 VIWVTBMEN  WIWMEWES 5 Vpe mﬁa:qrﬂz‘f Thew B vee
(VRep) WBWIWRATHTR 2.5 Voo ssnwiesy i VReR/2 TS
mﬂn\nuaozm mﬁm':wwrn:ﬂum VREF/Z W 2 m’lwﬂ'rmmmmma\u':\vmauwm L
Airadien (Tumpe i swhifinn 9

P NE M RIM T WA AWTIATE fermauSur e i elinemsns
UIRDMEUKY W LNaa L T MDEU TR EUMNIIRREN 0.5V B9 3.5 Vpe umitas i ov
v 5vpe dwnTwezidu 3 v ﬁqﬁﬁ 3.7 0.5 Vo Qm’a‘wﬁm vin(-) Lﬁm}wﬁmaﬂ 1T
Ltﬁﬁuﬁ’ﬂ\xﬁ\:‘ammﬁ‘a:qrmﬂﬁ WRFLRRWITEEY 3V w3 1.5 Voo il A/D = IS
JureR vin(+) TN 0.5 v A 3.5v 38 0.5 v mmev‘rﬂu&f WA 3.5 Vo AT LGN

HUR InTeRsiil A e s D SURYREOr APV InfReTwes \Bm 1Ry 8 v ify

§
O—— Vint+l

*Add ! VRer/2 € 1 Vpz whth LM358
1o draw 3 mA 1o ground.

KD ]
VREF2

?

Vini-l
W vptermex .
(aev) : *Vair

Vint*)

3

SHLA = YV Srann2

L
Viplet WiN H
v - s vpel

- e -
'K \

=% < A
€5 Ve IvVpe. 12w
7ERD SHIFT SPak 1086 o Yt
0} Dl

Vv

"l AAA

2) Analog Input Signe!l Example b} Accommedating an Analog Input from
0.5V (Digital Out = = 00yex) to 3.5V
(Digital Qut=FFyrx)

Zero Error
FVRAIBY  A/D  BRBeTIMIUSY e s insumarSuwiEe vin (nin)
wpvipRerTlE  wslimvrme @y iRz s iiens irvin iy 0000

Vil

0000 AMIU IR PumTWER BwM vin(-) 203 4/D fifn vin (min) &
5B T LR (HE L BB (Differential Mode) 2B A/D FNFTIERME
qua‘ (Zero error) mDY A/D FWIEEWTHIVERDIN Vin(-) AT UE AL TSRy
#n vin (+) ﬁnmﬁsnmﬂuﬁ'ﬂ:Lﬁwmufmﬁutvﬁgﬁqumutm-sﬁxﬁn% Fowr i

'?)mmﬁwﬁgwﬁmsmﬁmuummn 0000 0000 (M 0000 0001 URE ¢ 1/2 LSB "WHDANFH
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(1/2 LSB=9.8 my &MU VREF/ZI 2.500‘:’00)

3
.

Full Scale
Sy Lﬁuaxma'unWﬂﬁWwﬁmﬁuWN%’m 49 1 1/2 LsB vdlownT
AREL DA RONWIRNN 1R uF U mzEN VREF/2 (0 9 w3 Widee vel & 9

Wnd) smifwns FvvEedives wfieon 1111 1110 ik 1111 1111

Clocking Option

fmram W (Clock)  &M3u A/D BN T WrsRgen Rmins cPu w3
RC ITEMDN SWITEImWwE (o 1R RrN YRR EY 2 CLK IN (21 43 diurns

WaivmSnined (Schmitt trigger) ﬁﬂ‘yﬁ’i 3.8

1
foLK & ——
- CLK=ITRC
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TLmi387 i-17

LM 3.8

A7)
ﬁvxﬁmxzxgﬁmwn YIAMT=MTRUAATY  (DC Loading) 20w WeD R AITREMAN LR 1in v
Wi iim T umusiE TRUR a1 (Load) FlEmnT 50pf AW

iy M (Drive) DR MDY A/D 7 20 TN 1 2nERN e RM R

Restart During a Comversion _

ot -

-

o a/0 TV (Restart)  war | wieon low

high) T=wNmMAUAN (Conversion) A/D ?)ﬁ:l,ﬂ%'l'gﬂ (Reset) WASMILUANTA IS LT

T Fufibasdim v (Output  Data Latch) w&billfiya fMrmsuuasmsrmms
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mnpaf IHTITREN z‘fnga’lummumrbwﬁ’ﬁwzé’\m@wmﬁ (Latch) 1 INTR Semviiu

0N 1

Continuous Conversions

FmIuM U WILLART: (Free-Running Mode) viad (Pulse) Tran L S
mn::qmﬁ’ L PRAT I IV N M BN N WTHWIER 1 s etmmvrrrral uasn WR
¢Gofurn INTR 'zn WR USE  INTR fimmaldanin (Logic) g‘uzf it Tumeaussiehmen
snres huwen ina

e

Power Supplies

Srraun R (Noisc Spike) wMAETMHIREN Vec sraniusw T IFRATW
B avrrgran T ead (Comparator)  wEimMwELAUBWENY
qraTur R LT Whishrmaee T viiE Y (Low Inductance Tantalum Filter

* Capacitor) FTRMEFRTLIN Vee 1B A/D UREPITIARN 12F VIR

3.5 mm@uam‘a’buz‘i:nplmnqm
ﬁwﬁxﬁu#‘mmuﬁmaz Lﬁ'nui’m';a'ﬁm'm a/D lﬁ’?ﬁ'rf/ﬁﬂ%ﬂ a/D AR

Fm 8 v Sarses Tumenruieneiibus Li’iﬂﬁ‘ﬂ:mil’m‘;aﬁ“\&’mmﬁwfwme A/D Wni

TR S aSis L%{"auiy’m‘mﬁmmw'lﬁ a2 S TTAILALRE Lﬁﬂuz‘fm‘{a{x‘:wtﬂq

i 3 @ Sl

Clock and Control .
Wt dindrenrRrnEed wad  Lso4 Fofufu1edieed (Invertor)

warv hnviwrsosoesd 1aweed  (Crytal Oscillator) S SdmranRAmeT e 4

HH, ﬁmmmnﬂﬁqyﬁ 3.9
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A NTIAT 50 WASNYT 10 e efiued LS390 sruameil
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Monostable
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D srred und Ls121 s ra s wie Lmﬁwﬁ%ﬂn"&n'ma wila
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wiEpniEiens WrERALUCE i Deilrumea v Szs A nEMTVngRT o
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A % o e
Al 7 oﬂ
] 'b Pad
umel t(out) = 5 Yo 7
Coxt = 100pF
W Ry = 7.14 kM 5
\Rarfi Ry = 7k

tfm‘lﬁ'ﬁ‘@m‘mkrw‘bumutﬁ’z Wein Al (21 3) uazzn B (21 5) R high Tiae
SwraBemneniity a2 (1 4) G Lo TR s Ervvesnin

(1 1)

Shift Register
Wfwns Ls165 {hBwSINweY (Shift Register) mm 8 v FarrmT S
Hossienrvane @ WS Qg inTagan-Am gaxibip BOT Tt R S i Ty T ]
Uﬁmi’.ﬁm"w'lu&’n‘la"‘a’ v shift/load 1ih low Bormurmi ity ven (Load) #B
;i‘fa{fu T mﬂmqmﬂﬁiwmﬁnmunﬂmmu 2 fuwy (2-Input Positive-
NOR Gate) VerWdumi o iR 1 eSarduRtv (Clock Inhibit) mveEnARBnausm 1
high azifumeifwmeavre s eesSmandm urzmTENAERRrEumITL low Fofin
shift/lcad Buwmiiu high ﬂmﬂﬁﬁéﬁzrﬁuﬁvﬁrﬁmﬁmmﬁmwﬁﬂrﬁuﬁﬁw TV =9
(e high il 'luzmm'&"?é"arﬁurm h high rounizmeEaysiu e AT
Fen shift/load M high Efazg,av"iz‘mmmumﬂu @RI RSP TEATTT
wihmweemn high Wl low #EvIN shift/load Duwm weruifuriusa@m,
FDNUM WD BUNVENTINIRE (MWEIvITEN LS165. mnm‘lﬁ’mrﬁhz‘:’a 3.1 uazn

PN YIRIN)
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Timing Diagram
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311'71" 3.11 udW Timing Diagram
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Diedaran @ AENTIrEUINTMT 50 e RSl 80 kHzmﬁxﬁ‘ﬁ'ﬂz‘lﬁ’ N
histnran-RA T WLEW T v Sradviemgniig e eSerBudiim i Ty ey
Suuneioun TINPERA IR (i fnuTaN (mﬁ"ﬂumn high (Tt low)mskxadee .
e ithigfvin  (Trig) Winaindawiem A/D L’l'umm’numz‘ﬂm;‘mmm:u‘ﬁnmﬁﬁr‘ﬁma
wTAEERLUSre LowrwuE ena AT WR R PE MM ALLRU TN 103-11428
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f LT e Fum Tl ninme @5 St Wit i vimmmenSie et

azﬁﬁpﬁqm@‘ﬂummﬁwﬁuﬁmqrm

Sumeing Amplifier

e\ rforoey 2 siedeiufo Sorof Dt s tveraiian Mss
(Most significant Bit) N LSB(least Significant Bit) use: SmradedfzmSuiiu
fium \Rfdteratie 2 annET Tobdmrrdagei 2 § e Wi
e WITNEKNE (Sunming Amplifier) ﬁxi:l‘nmm‘lﬁ’a*mi“mﬁ‘u“"’ AT i
WU  inverting amplifier Sroiu tﬁﬁ#ﬂﬂﬁ"ﬁﬁm‘uﬁ;ﬁﬁvm WSl inverting
amplifier Srermit n‘i"ammn':wm{‘f i ndy (e mﬁvﬁh:{l‘mﬁ‘ﬁhﬂﬁaﬂm
2.7 wh uaslipm 8 ey RiA TS 1.5 Uh amSEmsa g e

LM318 high speed op amp

rhkg o +/2V T AN—
MMTA »— A

v |

— Ta,ot;r?

°~lev (4046 VCO)

Y

31.!!'7:' 3.12 OY Summing Amp

3.6 NIT FSK Modulation

el hirmme st 1%&Wuqrﬁﬂmﬁ“m " Pedvin
MIuEN  FSK (Frequency Shift Keying) TR 3 e Tt/ aa Y ¥CO (VYoltage
Controlled Oscillator) "m'lﬁ’u-:\ﬁu‘lumsmugmm—w"; fufa  wrohe m*nﬁ"ﬁn
uﬁvmmzﬁ'#ﬁinaﬁnﬁugq i PRslnge TIRiER 3.5 Soraided 3 e
Foradve ov imr‘mihy'ﬂ high level Fuffmm sv U aiNR low level OV

WM FSK Modulation #f e wuns MC1404648 Fviihu \HERBFRLTE
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Utesram¥re Self Bias Circuit, Phase Comparator 1 U8t 2, Source Follower- URE
VCO M1 FM Modulation A S veo Whim Rkn Wt iaerradien
s o Buffiu e simEnE e e
fmin =1/[R2(C1+32 Pf)] (vco imput =0V)
fmax = 1/[R1(C1+32PF)] (veco imput =5Y)
yiNH 10k <= RL <=1 M
10k <= R2<=1 M
100pF <= C1 <= 0.0l1=F
i PR OV UTEne 600 K Hy
AT 5V UImR 820 K H,
Pt 9 v U 1 HH,
W c1 = 100 pF
WTERs R2 = 12.6 kW R2=13 K

RL = 9.2k 4 R1=10k

—o Y
¢
b Lf—‘(_-[v
10
IS. T ' vee ! Vol 3 7o LEO-Picper
From IN e °p )
Sommave e 7 4046
vCo.
= = ov )/oc: 600 ke {4,
[ 24 /o & 220 kHy
= ay f, = 1M
R Ry

TR 3.13 WIT ¥CO
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Wi Ei T T T eI (Wi mIenTTd)
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3.7 N7 LED Drive
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4.1 Block Diagram

MRy te ey

5v
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DATA ; !
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BUFFER DATA Syne,
' Y
£Lock |
RELCOVER l
- ™~
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/P «— DIA &= LATrH s
S b L K _

SERIAL 70 PARALELL
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ﬁmm%rﬁwwfwuﬁmm eI ETTrE aeTrereerrze
WL ATV 2 awrﬂx‘i”mxmtfmmvﬁmtﬁzmﬁqmmdﬁuwﬁ\: Sl Swraiisudn
WP Samw BN e esTere e ke R e R
winaimemseuiion (pre amplifier) AW uRsRaR s L
WS LS (Voltage  Comparator) Lﬁbﬂmﬁwﬂ%ﬁun@ummw&’mmmwn
(Logic) MEMAD high level {@1 3V URz low level NUAUv=w@ 0.25V [National
Semicaondctor Corporation) um’ﬁq&qmﬁuﬁmzﬂhugum’uﬁ#mw ~ T LﬁﬁDWﬁﬁqmrm&u
A F9TT FSK Denodulation BUTsImMeILRNATB@rde o (ani i hat sodufeti
LTI R "lumuﬁm:ﬁ%mmﬂmﬁag’ﬁ 8 v LLﬂ:ﬁan'K:J‘B\Jﬁ i Lﬁmmﬁmum %7

FSK Modulation zpumimRy fLf 4.2

IL £ (N 8 BIT SERIAL DATA - 5 YN

zuﬁ' 4.2 Swyaad '
iwé“mmtu ir’m‘ljaa:d’mﬁw R ax] (;Jf?ér) UasMrENN T U Ed (Syne Seperator)
ﬁwmﬁﬁwrﬁmwﬁuﬁmﬂmmﬁgﬂ 8 ﬁmf{?rm &wwﬁeﬁﬁ]lmumamrfamﬂua‘hq Sl
Sy R PR NTY Clock Recover ua:&mwﬁﬂﬁ\:rﬁﬂﬁaqrmﬂmﬁmﬂﬁmﬁ’w%a
ws  (Shift Register) umsuavd (Latch) fowm 8 Dvawrrsresprvuimmiuumey

WA we s davasrnibus 8 veurmsniulbys 8 Ivaum wTwiEh D/A R

SrransuRnn IFunnmn
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4.2 W% Photo Diode, Pre Amp UB: Voltage Comparator .
see 1502
feosq P
seon I 10/t TanT. I I
S o $isk
; TAVT 3 [/'<
_11;' 2Ly 2
— 73¢ 525
\E«Zﬁ
zok p1uY, £71
AAA— i e / 2Nz272
.)
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foen
L 29k 3 iy $2ke
E . 24040 foon
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W 2 = -

41 70 £ <t

< PEoe.
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WA 4.3 TR IRER vEiman] uesN T S TR T

WA (Photo Diode) wmwii i ihwinFuSgrevgndn Sauaobignewn
oW WAL WITumsiE el Swialimsiuserrnsi s s eend
NT B Lm%ﬂmﬂuysmméﬁamuﬁ (Transresistance) PETIFD D Hhimsiaias
ar & -~ [ ) - ¢ < :.': ~ A ~r t.o
g LRGN T WY TR eaS BT 250535 T 2 S as iU
30 mY UL TR TTRR PRSI (Common Emitter) ST wdd meT wuns
2N2222 13D BT RTR T 2000y DT ndgnefr e Siasn briiseliu-e 1 8n
PR TUNE W BrveueSusiiimin SSanum (Noise) ann Tveiiuwdbel
N7 Voltage Comparator R THUTEnewnma s un T LM360 vRR High Speed
Differential Comparator Mﬁlﬁﬁlﬂ?ﬁwmmwﬁmﬂﬁ W 3V iREsEBE Y
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4.3 N?Y FSK Demodulation

ﬂuﬁw1ﬂaﬁ1ﬁa§vﬁﬁuﬁwaqﬂuEUﬁaqﬂdﬂuﬁﬁﬁ vihfsivEndnmas pLL
(Phasc Lock Loop) NGt Wi _oB e MC14046 'H'\ammwwfum:mﬁdﬂﬁmmﬁuﬁa
PC (Phasc Comparator), LPF (low Pass Felter) Uaz VCo (Yoltage Controlled
Oscillator) Fumon e rused

1) v Ry 1M UTuee @ R, =50k USRI R 9
fmax 820 KkH, WAz fmin 600 KkH, W Lock Range SFreluie BOOKH 1V
820kH, By B ST TR 9 1 Voo (Fiofaen frax WELS R1
W 820k H, ﬁnﬁﬁﬁﬁw uFIWiEn 9 e ves Lﬁb%SﬁW foin U R2 WW 600 KkH

o Aoy o a a
z PN o WM 710kH, B9iih Carrier 2DONEWVIE Denodulate

1LY Lebn

1h 7
/rmﬂ 4 ;'¢' oo Mz
Lot L, 2 _L —o b Zugt
5 /ocr;I ?/;ok
—Ze W J044 = =
¢l
Vs

guﬁ 4.4 MUY FSK Demodulation
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2) P umernadmRa wed  (Loop  Filter) Ry Ut C, v

(MFNYLA Capture Range TNRNMS

2fo = (1/8).20(25F )/R,C5] .

¥ 2f = Lock Range T 220 kH,
2f. = Capture Range MIMMMAIELTIN Lock Range

ForonsT i1 200 kH,

"

L 110K Hy, fo = 100 kH,
TRIMTENw Sei C, = 100pF BEW Ry U=l 16 k

fENYY C, = 100pf umE Rz : 16 k AT mwsasit Rgp =150 K F 1 e

(Load) 'lr‘j’ﬁ‘:fnm-szqm 0.333F @O VoD T arani] Lﬁﬁﬁa\sr“ma‘“ﬁmmmnmmmﬁﬁﬂu

W 1Bt UWREEF PSSP 100pF v (M 1 10 sl U EMna (By Pass)

ﬁmmmﬁwﬁgﬁﬁmmqu Vv SrraA i neuTe el waziing 8 e

M SRR e R (He (Buffer) Forhif s ieme Esk Demodulation

M Sync Seperator lﬁaﬁvﬁuﬁ’lﬁm”uﬁgqmqﬁmmmmmumwwmﬂmmﬂ sync

Seperator I ipsundnramiinsnf

» ) 112V
f— >
F3K . £ » 70 Sywe Sepernds
2E ey M LE35/ ——F 717( cpenatst
2V

WA 4.5 v med
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4.4 Sync Seperator

WYREAEREEN  (Sync  Seperator) (IhrnuHIdEmMSnMTIENMT WS

o -~ - '3 a -~ [
WS (Voltage Comparator) MWMkgMBNwanMrinyR WiNmIT v vk T
e 3 daefla ov Ov 1v, 1V v 4V uas 4v W e SoSarer ey FsK
Denodulation MRV WS L TWMLUTINR 4.5V dmimsym high level Shiwwinve

W33V uasibue low level MTARUSUR 2.2v AV

45V
F/&ﬂt r— I .-3\/
Lr 85 Stk \
FIA
oratop + 243 -
% < ¥ Synl.
o hi
/504 o Clock Fecover
2 sk '
+5/
T 1 '
’ ey DATA
o LM
S TS
>
1k /

&
SUF 4.6 T merdanwEee
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NI TN T ERU TR ST 4.5V (sync.) TN
FSK Demod. ml.ir”w"iﬁwgw amupf 2 sz e m*wﬁ;sﬁ;nnummﬁu 2 Il
1 Faduviioroe  anp irvesfianin o (inevrBu et ieed (inverter) Fiifu m’nﬁﬁwﬁ
aND  Lrmroe el el i oeeiSgmamnrn ﬁu&"ms‘uﬁﬁ’ngmumz"‘nfrﬁqﬁ n3af kLT
3.3v(high level data) mti:"wﬁ"mumzmmmmﬁe 2 e b 39
\wiS adioui irvviliaainiie o TR uviloene AND irvBwrinLEsI BN
weriniued e Tiadseindl 1 umrevfiemusaEEere . ST umes AND
i 1 %oq Lmvap/m""lm"n'qﬁaaﬁma:ﬁm syne (i 0 wvrmas BRI 2.2
(low 1level data) ar‘n"'nﬁﬁvpazmmm'lﬂ wremup i 2 e ﬁﬂ*\ﬁtmﬁw 10
30 0 N data ums sync. /

yENUAEEnL A B TaerE Wi sy wersu
e 1k, 3K URz 1k NWEFMSNIY Lﬁmﬁ‘w‘imﬁmﬁa:ﬁp (T 4y Famupsabrinues 1v
Fomumaken

4.5 N33 Clock Recover
2979 Clock Recover IThwaTdmron R isend vinflmeshiiie
80kH, s ieward  Tushemue e T wn MC14046 ﬁmﬂmﬂuymum\sm-:
ot msiasy i (Frequency Synthesis and Multiplication) awussrauzns
MPFRETIANTITNT 10 ALY e AU RFENLTERELIEN 4046 NRMNTL0M i LA
Wi Ve veo Srsfnnein iy 10 vh viinmERr LRI AR

A
A b

U

frvmeen ¢y = 2700 pF

Ry = 1M  uSuel

Ry = infinity (open R2)
Ry = 1k

Co = 100pF

1) ¥ vCO W f, umwra 8 kH, (A Ry ums C, Wit 9

Wi vOD/2 USUEN Ry WA VCO BWYWW 8 KHz
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2) & Ry WAL C, P Ry FBfUI Z IWTIEE Phasc Comparatorl
_3) UM LS90 (WNIIWMNT 10) srwim i Vo out 1 4 FU PCB in 1 3 U
4) fiobu e TwET uaz AND 1PN
L.i"iuummﬁm"'*w"mﬂn VCO WRSATT INVERSE 209 Bwdn aND Funewriivimrud 8o kH,

e S LA e R ensinS e wawn

4.6 Wﬁzt&uz‘hpm
AT eV T WA e WS Lmﬁ“ﬁl\M“MﬁﬂﬁlUﬂﬂﬁb%ﬂLWﬂgﬂ'ﬁd
(Serial Data) “Wilufiwsuuumim (Parallel Data) MBI Lﬁuﬁﬁuﬂﬂu?ﬁhumr"m
AT e s Li«";n'lﬁﬁ'ny‘amzu BRI TN TEEIT NG TNk
BRFANNERNE I T WY e 2 79 fo Soraded uasiaiiosn 8 Tvawr Swa
ﬁqmqmmﬂﬂ’uwﬁumfﬁ\:ﬁ .
1) aF NPT Clock Recover R T T2

2) W WA bR (Monostable 1) vin 1ihSrran- R L eT wa s

¢

273 Funere oy
3 TAwWuFelR 1 wwreEuwud e 2 Wi umsn (Trig) ™ clear
BT e
4) {Eudfn Data In A (21 1)
&mmz‘fmg,mla],m‘urﬁaﬁm Serial Data In B (1 2) é’tv:u'wf:}:fmay}mm Thidgaain
w8 v R La'nffwgm"'“m:uﬂminr‘inamf (Latch) Lﬁﬂfﬂﬁmpmudﬂﬁ B/A ik v
WA L \ariwilime WEnLLANTIA high 1l low i  Themi e
Wil 2 vavdnn clear Lﬁnmmﬁwz‘s'ﬁgatﬁﬁm wﬁ’mﬁazmz‘m‘mmhrﬂﬁ
WS wETFRn e I dn  Se ievimemmewud a1 'a:qlmﬁ‘lu'lﬁ’ !

oo AN anT o 1 Turmmua T MeR. (Lood) fnyn 8 Dvmeman V'

G HENEW D/a wuas uSganemsu&an
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WP EfRmnd TN INMTIEEIAN IR ST forsruiuasiipadiees 1

=
-

pxuon B eT und DAC 0808 MR D/A WBe BT

Reference Amplifier Drive and Compensation

MY aN (Referena Amplifier) WU LTI 14 gﬁammmm-s\ﬁu
NN Lﬁumulmumﬁﬂ’amﬁﬁ’mm‘nﬁmm%uﬁum’m (R-Ladder) frastiabuwmemny
TNy 114 WfnovR I EfN 14 1 Tt it Wuﬁaﬂi
WToRArfn 14 FRITU UnAT LR SO WD I= T T 114 WRR TmSudgay

2. (Bipolar Reference Signal) R1S VB DT LA TR ﬁmw?’iﬁ:ﬁ_ﬁwgﬁﬁiﬁ
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G4 FFT Y WH LR LI (Compensation Capacitor) oy ki oen ris Gl
AR N (Phase Margin) ¥ am¥usn R14 f 1,25 use 5 K APy iR
15,37 uax 75 pF @AW ATty Ve wiBbfT T (Ground) ud
M veE aziumT i Negative Supply Rejection Sl T T
iy (DC Reference Voltage) mﬂﬁm‘ﬁaﬁhﬁmwa (Capacitve Bypass)
AT WTWINATIN (Logic Supply) 5V Wimmasgrnd (i wiuiegy fuswis sy
Fa hu v u i dwirh - R4 Fxrusnenn ermenii i
LWL SV WL NS TN LR TR SR RGP \FuuTEeen
0.1 =F sl MR TSRA AN 5V mmslimwinuesnfaTen’ (Clanp Diode)
Towrhven 14 furmd fm 14 grilsfeenBuRlends (High Inpedance) ifu uvay
rfiensla Tl wns (Transistor Current Source) S8R LR TR
gty WRDTIIEH (Amplifier) nw‘hqmﬂm’lﬁ’lummﬁmmmw“'\ﬁ’m

(Band Width) ¥ivwvm .

Output Voltage Range

W 4 wg‘mﬁf‘m*ﬁéﬁ (Range) -0.55 & 04v i Ve —5Y ity
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e % PHASE-LOCKED LOOP

The MC140468 phase-locked loop contains two ;;h'ase compara-
tors, 2 yo,lt'age-comroﬂed oscillator, (VCO}, source follower, and
zener diode. The comparators have two. common signal inputs.
PCA;n and PCBjp. Input PCAjp, can be used directly. coupled to large
voltage signals, or indirectly coupled (with a series capacitor) 1o
small voltage signals. The self-bias circuit adjusts small voltage signals
in the linear region of the amplifier. Phase comparator 1 {an exclu-
sive OR gate) provides adigital error signal PClgyy, 2nd maintains
90° phase shift at the center frequency between PCAjqn and PCBin

signals {both at 50% duty cycle). Phase comparator 2 {with leading

edge sensing logic) provides digital error signals PC20uy and PCPout.
and maintains a 0° phase shift between PCAjn and PCBin signals
{duty cycle is immaterial}. The linear VCO produces an output signal
VCOqyr whose frequency is determined by the voltage of input
VCO;n and the capacitor and resistors connected to pins C14, Clg,
R1, and R2. The source-follower output SFgyy with an external re-
sistor is used where the VCOjp, signal is needed but no loading can be
tolerated. The inhibit input inh, when high, disables the VCO and
source follower to minimize standby power consumption. The 2ener
diode can be used to assist in power supply regulation..

Applications include FM and FSK modutation and demodulation,

frequency synthesis and multiplication, frequency discrimination,.

tone decoding, data synchronization and conditioning, voitage-to-
frequency conversion and motor speed control. 5

© VCO Frequency = 1.4 MHz Typical @ Vpp = 10 Vdc

e VCO Frequenc} Drift with Temperature = 0.04%/°C Typical
@ Vpp = 10 Vdc

© VCO Linearity = 1% Typical

Quiescent Current = 5.0 nA/package typidal @ 5 Vdc

Low Dynamic Power Dissipation — 70 uW Typical @ fg = 10 kHz,

VpD = 5.0 Vde, R1= 1.0 M2, R2= o, Rgp% =

Buffered Outputs Compatible with"MHTL and Low-Power TTL

Diode Protection on All {nputs =

Suppty Voltage Range = 3.0 to 18 Vde

Pin-for-Pin Replacement for CD40468

CMOS MSI -
(LOWPOWER COMPL’EMENTAR; MOS)

PHASE-LOCKED
LooP

L SJUFFIX P SUFFIX
CERsM C PACKAGE PLASTIC PACKAGE
CASE 620 CASE 648

O&DERING INFORMATION

Suffix Denotes

L L Ceramic Package
#  Plasuc Package
A Extended Operating
Tempersture Range
€' Limited Operating
Temperature Range

MC1LXXX8

BLOCK DIAGRAM

______________ -
Phase
[ o7 Ml
l .
i ] Py I 13 PC2o4
PCBn :G: Comparstor 2 1 PCPout
| o0& VCOgut
VCO;, 9O i Voltsge __1_0" a1
Convoled
|1-012 R2
! Oscitiztor
Vpp - Pin 16 i vCo) H-06 c1,
Vgg = Pin 8 i \ 7 Clpg
! ]
Inh !-(‘r! Source Follower 10 SFour
L Vgg O P Jﬂ‘ls Zener

Thes device cONtains circuitry tc protect
the mouts against damage due 10 high static
vyages or electric fields; however, «t is
aswsed that normal precautions be taken
10 avond application of any voltage higher
than maximum rated voltages 10 this high
. wnpedance circuit. For proper operation it
s -ecommended that Vin and Vgt be
consrained to the range Vgg w {Vip Of
Voot € VDD-
Un~ased inputs must slways be tied 10 an
acoropriate logic voltage level leg., either
Vg or Vpp). Pins 6, 7. 10, 11, 12, and
15 4 unused must be left open.
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MAXIMUM RATINGS {Voltages referenced 10 Vgs)

Thigh = +125°C for AL Device, +85°C for CL/CP Device.

=Noise inmunity specified for worstcase input combination,
Noise Marpn for both “17 and “'0"" level = 1.0 Vde min@® vpp =
2.0Vde min@ Vpp *
25Vdemin@ Vpp *

L
170 Calcutate Tots! Current in General:
R1 R2

1x 107 VDDZ(
100

y

100 -% Duty Cyde of PCA;
—_ "

A

tr~22xVpp -(V_Coan -1.85 Vpo -1.35)3/4

5.0 Vde
10 Vde
15 vde

in-1
P

Rsk

7-125

.65\ 3/4
) +1x10°31C +9) Vpp T+

where: I in uA, C in pF, VCOip. Vo in Vde, fin KHz, snd
A1, R2, RgF in MR, Cp o0 VCOgyt-

- Rating Symbol Velue o
DC Suoo'y Vollage VoD -05to +18
Input Voirage, Afl Inputs Vin -0510Vpp+ 05
N DC Cu-rent Drain per Pin | 10 mAde ||
Opsrating Temperature Range ~ AL Dewice Ta -5510 +125
- - i ~TEY CLICP Device " T AT -40 10 +85 .
e Sto-age Temperature Range - L I T -65 10 +150 - I
ELECTRICAL CHARACTERISTICS P CoE -
B Vop Tiow® .25°C Thigh®
Charascreristic Symbol Vde Min Max - Min Tye Max Min Max Unit
Output Voiuage “0" Level VoL 5.0 . - 0.05 - 0 0.05 - 0.05 Vdc
Vin:Vpper0 10 - 0.05 - 0 005 - 0.05 Vs
15 - 0.0 - 0 0.05 - 0.05
VOH - 8.0 495 - 4.95 5.0 - 495 - Vde
Vin -GS0 Vpp 3 10 9.95 -, 9.95 10 - 9.95 - .
15 14.95 - 14.95 15 - 14.95 - i
Input Voriage ™ 0" Level Vie Voc
Vg« &5o0r05 Vo) 5.0 - 15 i 225 15 - 15
{tvg = 2G or 1.0 Vde) 30 - 30 = 4.50 0 - 3.0
Vo= 1250¢ 1.5 Vdo) 15 - 4.0 - 6.75 40 - 4.0 .
1 Level| ViH
{VQ < €5 or 4.5 Vdc) 5.0 35 H 35 2.75 % 35 - Vde
(Vg = 2.0 or 9.0 Vdc) 10 70 i7 7.0 5.50 = 70 -
(Vo= 150r13.5 Vdcl 15 11.0 - 11.0 8.25 - 11.0 -
Output Dreee Current (AL Dewvsce) toH mAde
VoM * 25 Vacl Source 50 -1 2 - ~-1.0 -1.7 - 0.7 -
{Vou = 4.6 Vdc} 5.0 -0.25 = 0.2 -0.36 - -0.14 -
{(VoH = 3.5 Vac! 10 -~0.62 - -05% -09 - .-0.35 -
{Vou = 13.5 Vdc} 15 -18 — -1.5 -35 - -1.1 -
(VoL =04 Vda) Sunk oL 5.0 0.64 - 051 0.88 - 0.36 - mAdec
VgL = 8.5 Vde!} 10 1.6 e : 1.3 225 - 05 -
(Vor = 15 Vdel 15 42 - 34 a8 - 24 -
. [Output Drive Current [CL/ICP Device) ToH - mAde
(VoM =25 Vdc) Source 5.0 -1.0 = -0.8 -1.7 - 06 -
(VoK * 4.6 Voc) 5.0 ~0.2 - -0.16 | -0.36 - -0.12 -
(Vou = 9.5 Vdc) 10 -0.5 7 -4~ -09 - -03 - -
{(Vou * 13.5 Vdel 15 -1.4 - -3.2 -35 - -1.0 -
(Vo = 0.4 Voc) Sink oL 50 0.52 - 0.44 0.88 - 4| o038 - mAde
(Vo = 0.5 Vee) 10 1.3 - 11 2.25 = 08 -
VoL = 1.5 Vg 15 36 - 3.0 88 - 24 -
1nput Current (AL Devicel tin 15 - +0.1 - +0.00001| =01 - 210 pAdc
Input Current ICL/CP Device} lin 15 - $03 - 20.00001| =03 ~ 210 nAUC
Input Capaciance Cin - A - - 5.0 15 - - of
(Vin = 00 y - 4
Quiescent Currant (AL Device) ipp | 590 = 5.0 - 0.005 50 - 150 uhAdc
(Per Paciage) - 107 - 10 - 0.010 10 - 300
{Inh = ~1" and PCA = 1"} 15 - 20 - 0.015 20 - 600
Quiescent Current {CL/CP Device) ipp 5.0 - 20 - 0.005 20 - 150 HAde
{Pes Paciage) 10 - 40 - 0010 40 - 300
{Inh = “1” and PCA = *1"} 15 - 80 = onis 80 - 600
Tota! Supoiy Current t [ 5.0 bt = (1.46 uA/KHI} L+ Inp sAdc
{inh = ~0", 1o = 10 kH2,Cy = 50 0F, 10 IT = 291 JA/KHIIt+ 19
R1= 1 MO, R2 ==, Rgf = =, and 15 Iy = (4.37 uA/KHZ) T+ 15
50% Duty Cycle) .
“Tiow = ~55°C for AL Device, -40°C for CL/CP Devite. I
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PPN
. - . Minimum : Maximom
A B .. ® Vop AL CL/CP | Typical AL cL/ce
Characterisic: Symbol |- Vde Device | Device | Ail Types | Dovice | Device Units
Output Rise Time . .. T |- e .
STLH = {30 ne/pF) C_ +30 rs ) I LT - 180 350 400"
TTLH = (1.5 ns/pF) C_ +15 rs N 10~ - - 20 150 - 200
STLH = {1.1 ne/pF) C + 10 s 15 - - 65 110 160
Output Faill Time TTHL
THL ~(1.5na/pF) C + 25 ) 5.0 - - ] 100 175 200
TTHL = {0.75 ns/pF) C + 125 as 10 - - 50 75 . 100
TTHL = (0.55 ns/pF) Cy + 95 g ’ 15 - - 37 55 ‘80
PHASE COMPARATORS 1 and 2 '
Input Resistance — PCA;, Rin 5.0 I.O\ 1.0 20 . - -
- 10 0.2 0.2 0.4 - -
151 0.1 Q.1 0.2 - —
~ PCBin Rin 15 150 15 1500 L —
Minimum Tnput Sensitivity Vin 50 - - 200 300 400
AC Coupled — PCA;, 10 g . 400 6§00 800
C series = 1000 pF, { = 50 kHz 15 - - 700 1050 1400
OC Coupted — PCA;,, PCB;, - Sto 1§ & See Noise Immunity
VOLTAGE CONTROLLED OQ!LLATOR (vco) .
Maximum Frequency troax 5.0 0.50 0.35 0.70 - -
{VCOjq = Vpp. Ct = 50 pF, 10 1.0 0.7 1.4 - -
R1=5%0, and R2 = &) 15 1.4 1.0 1.9 - -
Temperature — Frequency Stabdity - 5.0 - - 0.12 - -
(R2 = ) 10 - - 0.04 - -
15 — — 0.015 ~ -
Linsarity (R2 = »} -
{VCO;n = 2.50 V : 0.30 V, R1 > 10kD) 5.0 - - 1 2 -
(VCO;jn =5.00V = 2,50 V, R1 ; 200 k) 10 e 8 1 I -
(VCO;n = 7.50 V£ 5.00 V, R > 1000 k) 15 - . 1 4 -
Qutput Duty Cycte - St 15 - - 50 - -
{nput Resistance ~ VCO;, Rin 15 150 15 1500 - -
SOURCE-FOLLOWER
Offset Voltage - 5.0 - - 1.65 2.2 25
(VCO; minus SFoyq, Rge > 50 <) 10 < - 165 2.2 25
. 15 - - 1.65 2.2 25
Linearity —
{VCO;n =250 V = 0.30 V, Rgp > 50 k) 5.0 - - 0.1 - -
(VCO,, = 5.00 V£ 2,50 V, Rgg - 30 kq1) 10 - - 06 - -
{VCO;, = 7.50 V = 5,00 V, Rgf > 50 k) 15 - - 08 - -
ZENER DIOOE
Zener Voltage {1, = 50 uA) vz - 6.7 6.3 7.0 1.3 7.7
Oynamic Resistance {1, = 1 mA) Rz - - - 100 - -

*The formula given 13 for the typics smaracteristics only,

-

&




FIGURE 1 —~ PHASE COMPARATORS STATE DIAGRAMS

PHASE COMPARATOR 1
taput State . . e :
Y - % st —‘G 1T ke .
R 1
x X
I
R PCA;, PCBj, 1 =
PCTo0e ° - 1
- PHASE COMPARATOR 2
= - T
Input State t s I
. | X
x li ORBOBNOBREO NSO
el e Mo S
1
3-State
PC2ut ~. o Output Disconnacted !
PCPout R
{Lock Indicatar) ° \ °

Refer to Waveforms in

FIGURE 2 — DESIGN INFORMATION

Figure 3.

Characteristic

Using Phass Comparator 1 < %

Using Phase Comparator 2

No signal on input PCA;jqn.

VCO in PLL system adjusts to center fmu_en&'y

VOO in PLL system adjusts to minimum fre-
quency ¥ mint. .

. (1o
Phase angle betwean PCA}n and PCBip. | 90° st certter fr (to), approaching 0° | Atways 07 in etk (pasitive rising edges)..
“and 180° at ends of lock range (2f ). 4 N
Locks on harmonics of cénter frequency.] Yes No
) 3
Signal input noise rejectionsy . High Low

Lock frequency range {2f ).
K

The frequency range of the input signal on wqich the Yoop will stay locked if it was
injgiatly in lock. 2fy = full VCO frequency range * fmax = fmin.

Capture frequency renge {2fc). -

out of lock.

The frequency rangs of the input signal on which the loop will lock if it waes initially

Depends on low-pass filter chaucterini;s X
{see Figure 3}, 1o < f

fo=f

Center frequency (fol.

The frequency of VCOqyt. when VCOin = 1/2 VDO

VOO output frequency {fl.

Note: These squations are intended
o be 8 design guide. Since calculeted
component values msy be in error
by-muchnl!xtoroflv.lobor-
story expsrimentstion may be re-
quired for fixed designs. Part to part
frequency varistion with identical
passive components Is less than
120%.

fnin &« —
R2(Cy+ 32 pF)
f ! f
MEX 8 —e—————— 4 'MIN .
Rq(Cq + 32 pF)
| Where: 10K R{< 1M
' 10K < Ry < 1M

100pF <Cy < .01 uF

Vgo input = Vss)

[t =

(Vg input "VDD)I




FIGURE 3 ~ GENERAL PHASE-LOCKED LOOP CONNECTIONS AND WAVEFORMS

sSF
2 Source 10 ot v
Follower "
vco;, agr PR o
bca,, 14 = .
e ..ou',,," + “—’J | Phase 20013 f:::::: 9 vco I3 o  VCOou:
a4 Comparator pc|°u' Fitter " 12 6 2 @ Frequency Nt° = ¢ .
pcs,, or 5 = s
PC2 . . A 8 .
out R1$ Ay L{
. e
e ™1 = =
"\\{ +N ‘L‘g
L _Counter 0] .
’ Typical Low-Pasy Filters
* Typlcatly: -
(&) R3 3 (b} A3 I A
Input Ourtput Input Output R‘ Cy= i - N. S - °
fmax 2%4f
“T 12t R4 100NAF
= Yev v a3 o2 (R3+3,0000) Cy » ——2f - R4 Cy
c2 fmax2
:TE Bt max ~ frnin
Note: for further information, see:
(1) F, Gardner, “Phase-Lock Techniques", John Wiley and Son, New York, 1566.
12)G. S. Moschytz, “Minjature RC Filters Using Phase-Locked Loop”, BSTJ, May, 1965.
(3) Garth Nash, “Phase-Lock Loop Design Fundamentals, AN-538, Motorola Inc,
Ea .
Waveforms k' of .
Phase Comparator 1 .

—_——Vbo
PCAn 4
. vsg .

7-128




ADC0801/ADC0802/ADC0803/ADC0804/ADCO305

B National
% Semiconductor
&% Corporation

£DC0801, ADC0832, ADC0803, ADC0804,
ADC0805 8-Bit wP Compatible A/D Converters

General Description

The ADCO0801, ADCOB0Z, ADC0803, ADCO804 and
ADCO805 are CMDS 8-bit successive approximation A/D
converters that use a differential potentiometric ladder—
similar 1o the 2568 products. These converlers are de-
signad 10 allow operation with the NSCB00 and INS8080A
derivative control bus with TRI-STATE® output latches di-
rectly driving the data bus. These A/Ds appear like memory
localions or 1/0 ports 10 the microprocessor and no inter-
facing logic is needed.
Ditferential analog voltage inputs allow increasing the com-
mon-mode rejection and offsetting the analog zero input
voliage value. In addition, the voltage reference input can
be adjusted to allow encoding any smaller analog vohage
span 1o the full 8 bits of resolulion.

Features

k& Compatible with 8080 pP derivatives—no interfacing
Jogic needed - access time - 135 ns
m Easy interface to all microprocessors, oOr operates

“stend alone”

& Differential analog voltage inputs
& Logic inputs and outputs mest both MOS and TTL volt-

age level spscifications
® Works with 2.5V (LM335) voltage reference
& On-chip clock generator
& OV to 5V analog input voltage range with single 5V

supply

No zero adjust required
0.3” standard width 20-pin DIP package

20-pin molded chip carrier or small outiine package
Operates ratiometrically or with 5 Vpg. 2.5 Vpe. or ana-
log span adjusted voltage reference

Key Specifications

a Resolution
B Total error
& Conversion time

B bits

4+, LSB, 2% LSB and +1188

100 ps

Typical Applications

sV

M . s
a0 Veo
____‘\__’zo 5 ana
G X 7 -} . ] TRAXSOUCER
<~—-————§——"O &TR e »or 3417 RESOLUTION
i el g [
ol 37 S
umo.:"xy:.',ua '_’>E < 13 ::: L Vint) : e — 1 ::’l’{!‘c“l‘m’:;ﬁ“
g, ® Vipl-t
113 fL)
il . /A8
ACKD
< 2 os SPAN AD) _L
) »n o Vaps? —OSEESSCTION T =
0 oep \ 244
P80 D Exd
L l - 77 TULHIS671-1
!
8080 Interface Error Specification (Includes Full-Scale,
Zero Error, and Non-Linearity)
8 j————-—rO ull-
Part SFcale VRer/e=2.500 Vpz | VRep/2=No Connection
3 SR, Number No Adjustments No Adjustments
- Aejusted| ¢ justments) | (No Ad] )
prog —+0 o ADCOS01 | =1, 1S8
"2
1% o PR [ ADCC802 +14LSB
ADC0803] =1, LSB
JITR
: ADTO204 +1L.S8B
1| ADC0805 | +1L88

TLMIS673-31




Absolute Maximum Ratings (otes122)
It Military/Aerospace specitied devices are required,
contact the National Semiconductor Sales. Office/
Distributors for avaliabllity and specifications.

Supply Voltage (Vcc) (Note 3) 6.5V
Voltage '
Logic Control inputs -0.3Vto +18V
At Other Input and Outputs =0.3Vio (Voo +0.3V)
Lead Temp. {Soldering, 10 seconds)
Dual-in-Line Package (plastic) 260°C
Dual-In-Line Package (ceramic) 300°C
Surface Mouft Package
Vapor Phase (60 seconds) 215C
Infrared (15 seconds) 220°C

Efectrical Characteristics

The foliowing specifications apply for Veg=5 Vpe, TMINSTAS Timax and ok =640 kHz unless otherwiss speacified.

Storage Temperature Range
Package Dissipation at T4 = 25°C
ESD Susceptibility (Note 10)

—65°Cto +150°C

Operating Ratings (votes 1 5 2)

TMINSTAS Thiax
—55°C<Ta% +125°C
—~40°C<TA< +85°C
—40°C<TA< +85C
0°C<Ta<+70°C
0°C<TpS +70°C
0°C<TA< +70°C
4.5Vpct06.3 Vpe

Temperature Range
ADC0801/02LJ
ADC0801/02/03/04L.CJ
ADC0801/02/03/05LCN
ADCO8B04LCN
ADC0802/03/04LCYV
ADCO0802/03/04LCWM

Range of Vg

875 mwW
soov

Units

Parameter Conditions Min Typ Max
ADCOB01: Total Adjusted Error (Note 8) With Full-Scale Adj.
- XA LS8
(See Section 2.5.2)
ADC0802: Total Unadjusted Error (Note 8) VRep/2=2.500 Vpe 1, LSB
ADCO0803: Total Adjusted Error (Note 8) With Full-Scale Adj. +v LSB
{See Section 2.5.2) 2
ADC0804: Total Unadjusted Error (Note 8) | VRep/2=2.500 Vo 1 LSB
ADCO0805: Total Unadijusted Error (Note 8) Vreg/2-No Connection +1 LS8
Vrer/2 Input Resistance (Pin 9) ADC0801/02/03/05 25 80 ° kN
ADC0804 (Note 9) 0.75 1.1 kN
Analog Input Voltage Rar;ge (Note 4) V(+) or V(~) Gnd-0.05 Veo +0.05 Voc
DC Common-Mode Error Over Analog Input Voltage + VY5 % LS8
Range 7 .
Power Supply Sensitivity Veec=5Vpe 110% Over Ve £, LSB
Allowed Vin(+) and Vin(—)
| Voltage Rangs (Note 4)
AC Elecirical Characteristics
The following specifications apply for Vog=5 Vpc and Ta=25°C unless otherwise specified.
Symbol Parameter Conditlons Min Typ Wax Units
Tc Conversion Time oLk =640 kHz (Note 6) 103 114 us
Tc Conversion Time - (Note 5, 6) 66 73 1/fcLk
ok Clock Frequency -, Vee=5V, (Note 5) 100 640 1460 kHz
Clock Duty Cycle (Note 5) 40 60 %
CR Conversion Rate in Free-Running INTR tied to WR with 8770 9708 conv/s
Mode C5=0Vpe, foLk = 640 kHz
WFEL Width of WR Input (Start Pulse Width) TS =0 Vpc (Note 7) 100 ns
tace Access Time (Delay from Falling Cy =100 pF 135 200 ns
Edge of RD to Output Data Valid)
i ton TRI-STATE Control (Delay CL=10pF, Ry = 10k 125 200 ns
from Rising Edge of RD to (See TRI-STATE Test
Hi-Z State) Circuits)
v e Delay from Faliing Edge 300 | 450 ns
of WR or RD 1o Reset of INTR
Cin Input Capacitance of Logic 5 7.5 pF
Control Inpuls
Cour TRI-STATE Output 5 7.5 pF
Capacitance (Data Buffers) !
CONTROL INPUTS [Note: CLK IN (Pin 4) is the input of a Schmit trigger circuit and is therefore specitied sesbrately]
Vin (1) Logical “1" Input Voltage Veo=5.25 Vpe 20 ’ ' 15 Voo
(Except Pin 4 CLK IN)

508000aVv/v0800QV/€£0800QV/208000Y/10800QY

et
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S | AC Electrical Characteristics. (continved)
8 The following specifications apply for Vcg = 5Vpc and Tuin < T < TMax unless otherwise specified.
é Symbol l Parameter l Conditions . I Min l Typ l Max | Units
S| CONTROL INPUTS [Note: CLK IN (Pin 4) is the input of a Schritt trigger circuit and is therefore specified separately}
o
O ViN D) Logical “0" Input Voltage Vec=4.75Vpc 0.8 Voc
g (Except Pin 4 CLK IN)
S| W Logical “1” Input Current VinN=5Vpe 0.005 1 PADG
g (All Inputs)
8 hn 0} Logical 0" input Current Vin=0Voc -1 ~0.005 wADG
g (Aliinputs) . .
R CLOCK IN AND CLOCKR
8 Vit CLK IN (Pin 4) Positive Going 2.7 3.1 3.5 Vpe
8 Threshold Voltage ’ .
2 Vi— CLK IN (Pin 4) Negative 15 1.8 2.1 Voo
> Going Threshold Voltage
S Vu CLK IN (Pin 4) Hysteresis 0.6 1.3 20 Voo
8 . (vr+)—(¥1-)
9: Vour (0) Logical “0” CLK R Output io=360 pA 0.4 Voc
Voltage Vee=4.75Vpe
Vout (1) Logical 1" CLK R Output lo=—360 pA 24 Voc
Voitage Vee=4.75Vpe
DATA OUTPUTS AND INTR
Vourt (0) Logical *0" Output Voltage
Data Outputs lout=1.6 MA, Vog=4.75 Voc 0.4 Voc
INTR Output lour=1.0 mA, Vec=4.75 Vpc 0.4 Vpe
Vour (1) Logica! “1" Output Voltage " lo=—360 A, Voo =4.75 Vo 2.4 e
Vour (1) Logical 1" Output Voltags lo=—10 pA, Vcc=4.75Vpc 4.5 X Vo
lour TRI-STATE Disabled Output Voutr=0Vpc -3 rApC
Leakage (All Data Buffers) Vour=5 Voc 3 pAnc
ISOURCE Vout Shortto Gnd, Tp= 25°C 4.5 6 mADC
IsINg Vout Shortto Voo, TA= 25°C 9.0 16 mApG
POWER SUPPLY
icc Supply Current (Includes foLk= 640 kHz,
Ladder Current) VRep/2=NC, Tp=25'C
andC8=5V
ADC0801/02/03/04LCJ/05 1.1 18 mA
ADC0804LCN/LCV/LCWM 1.9 25 mA

Nore 1: Absolute Maximur Ratings indicate fimits beyond which damags 1o the device may occur, DC end AC eloctricat spacifications do not apply when operatng
the gevice beyond its specified operating conditions.

Node Z All voltages are measured with respact to Gnd, uniess otherwise specified. The separele A Gnd point should always be wired to the D Gnd.

Noke 3: A zener diode exists, internally, from Veg 10 Gnd and has a typical breskdown voltage of 7 Vpe.

Nots 4: For Vin{—)= Vin{+) the digite! output code will be 0000 0000. Two on-chip diodes are tied 10 each analog input {sea block diagram) which wi} forward
conauct for analog input voliages one diode drop balow ground of one diode drop greater than the Vce suaply. Be careful, during testing at low Ve tevels {4.5V),
as igh level analog inputs (5V) can cause this input diode to conduct-especially at elevated lemperatures, and causs errors for analog inputs near tull-scale. The
spoc allows 50 mV torward bias of sither diode. This means that as jong s the analog Vin doas not exceed the supply voltage by more than 50 mV, the output
code will be correct To acheeve an absolute 0 Vpc 10 5 Vo input voltage range will therefore suquire & minimum supply votage of 4.850 Vg over temperature
venations, initial tolerance and loading.

Nota §: Accuracy is guaranteed alicik = 640 kMz. At higher clock frequencies accuracy Can degrade. For tower clock traquencies, the duty cycie limits can be
extended 50 long &s the minimu clock high time interval or minimum clock kow time interval is no less than 275 ns. )

Note §; With an asynchronous start pulse, up 10 8 clock periods may be recxired before the intemal clock phases are Groper to stant the conversion process. The
stea? request is intemnally laiched, see Figure 2 and sacton 20.

Note 7: The T8 input is essumed to bracket the WH strobe input and thersfore tming is dependent on the ViH pulse width, An arbitrarily wide pulsa width will hoid
the converter in a reset mode and the start of conversion is initiated by the low 10 high tansition of the WH pulse (see tming disgrams).

Nose 3: None of these A/Ds requires & 2670 adjust (sea section 2.5.1). To obtain zero code at other anslog input voltages see section 2.5 :Amd Figure 5.

Nota ¥ The VRep/2 pin is the center point of & two resmtor divider connected from Vgg to ground. Each resistol is 2.2k, sxcept tor the AD%’F(MLCJ whese each
resastor is 16k. Total lsdder input resistanca is the sum of the two equal resisions., i)

Note 10: Human body model, 100 pF discharged through a 1.5 kil resistor.
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Typical Performance Characteristics
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ADC0801/ADC0802/ADC0803/AD

C0804/ADC0805

tin ti, CL =10 pF tox - o, CL=10pF
Voo Vee Veo
Vee
L1 : DATA o o L
(3] ouTRUT [T
' ATA
_ o " Vou - L] ouTPyT v
DATA o DATA
ouTPUTS ouTPuTS
= = = L= L e I vou il
s ¥=20ns =20 ns TUH/5671-3
Ti m;ng Diagrams (All timing is measured from the 50% voltage points)
START
CONVERSION
; \ -
Wy e
—=f WOWAR “Busy~

TRI-STATE Test Circuits and Waveforms

X DATA IS VALID IN
ACTUAL INTERNAL “NOT sUSY™ ; QUTPUT LATCKHES
STATYUS OF TRE —

CORVERTER

T I e INTERNAL Tg o]

(LAST DATA WAS READ}

{LAST DATA WAS NOT READ) .1 INT ASSERTED
—— TR TR
_l L Mg

Output Enable and Reset INTH

TNTA neser
KTR *

ATA i TALSTATEY
BUTHIIE = = = = = o= = m —_—— e L e

. oy

Note: Read strobe must oceur 8 clock periods (8/1c ) atter assartion of Interrupt to guarantes reset of INTH. TLInISET1-4
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Typical Applications (Continued) Q
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6800 Interface Ratiometric with Full-Scale Adjust 3
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Digitizing & Current Flow
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8| Typical Applications (Continued)
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~ Directly Converting a Low-Level Signal A pP Interfaced Compéarator
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Operating with "Automotive” Ratiometric Transducers

RISET ALSET

Ratiometric with Vggp/2 Forced

—
Typical Applications continued)
Seli-Clocking Multiple A/Ds w External Clocking -
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, *
a” = 49__
) ﬂ‘\o—d Vit tiea
=2 o
A~ Vgt b i A& _Eo m L o
aem 3 ;;
a an 1 F = RESES .
;;‘ 151AG¢
s - - ___’_,___,_,._55'\ ~ rverrmy AT o —spou MO
D&Y vol”
w wTR & 1
" LU i ceaix
, Ayt Al
—o 150 pF
Vo] j} stavy
— P
*After power-up, & momentary grounding
of the WH Input is needed to guarantee operation. _°| [’“" * Ve
‘vg?
] o
| oavauspare
Te
Mg )

§0800QV/¥08000Y/£0800304Y/208034AY/10800QY

Yre
Byge
S
™ [T
v
sen 102 Vinte) vee 1. )
" . e WoF :: Vintel Vee 1=
1% Vil T T- "t
an =

AT . N = .
» aocess Sm = Sm

an <

I gL INTY
Vags??
>
L3 Ve :: [-—1 Vini=) Vegs?

—J-: WL aad a

- 1. Sun = ) >
b3 g M o

*Vin{~)=0.15 Voo L __1[__ _L .I_ .
15% of Ve < Vypr<85% of Vg = =
TU/AIE6T1-7
3.23

P S S—



Typical Applications (Continued) .

pP Compatible Differential-Input Comparztor with Pre-Set Vog (with or without Hysteresis)
- 1
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O——rq vt Yaee

~See Figure 5 1o select R value
DB7="1" for Vin{+)>Vin{ =)+ (VRer/2)
Omit circultry within the dotied area i
hysteresis is not neaded

ADC0801/ADC0802/ ADC0803/ADC0804/ ADC0805

Handling + 10V Analog inputs Low-Cost, P lnterfaced,Temperature-to-Dlgltal Converler
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*Beckman Instruments ¢ 694-3-R10K resistor array

pP Interfaced Comparator with Hysteresis
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Analog Sell-Test for 1« System
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Typical Applications (continveq)
Handling £ 5V Analog Inputs Read-Only Interface
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Protecting the Input
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TL/H/5671-9

A Low-Cost, 3-Decade Logarithmic Converter
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*LM388 transistors

A, B,C, D = LM3244 quad op amp
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ADC0801/ADC0802/ ADC0803/ADC0804/ ADC0805
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Typical Applications (Continued)

3-Decade Logarithmic A/D Converter

A,8,C,D= LM324A

Vi
) -inay TR -V

154

fc=20 Hz
Usas Chebyshev impiementation for steepet rofi-oft
unity-gain, 2nd order, low-pass filter

system 1e5ponse time if an analog mutuplexer
is used

Output Butfers with A/D Data Enabled
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Typical Applications (Continued)

Sampling an AC input Signal
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Note 1: Oversample whenever possible [keep fs > 2(~60)] to eliminate Input trequency folding
(alissing) and to aliow for the skirt response of the filter,

Note 2: Considar the amplitude emors which are Introduced within the passband of the filter,
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70% Power Savings by Clock Gating
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TL/H/5671-1)
“Use ADC0801, 02, 03 or 05 for lowest power constmption, ,
Note: Logic inputs can be driver 1o Ve with A/D supply at zero vd &,
Butfer prevents data bus from overdriving output of A/ when in st Idown mode,
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

Functional Description

1.0 UNDERSTANDING A/D ERROR SPECS

A perfect A/D transfer characteristic (staircase waveform) is
shown In Figure 7a. The horizontal scale is analog input
voltage and the particular points labeled are in steps of 1
LSB (19.53 mV with 2.5V tied to the VRer/2 pin). The digital
output codes that correspond to these inputs are shown as
D—1, D, and D+ 1. For the perfect A/D, not only will center-
value (A—1,A,A+1,. .. .)analog inputs produce the cor-
rect output ditigal codes, but also each riser (the transitions
betwesn adjacent output codes) will be located + v, LSB
away from each center-value. As shown, the risers are ideal
and have no width. Coyect digital output codes will be pro-
vided for a range of analog input voltages tha! extend £V,
LSB from the ideal center-values. Each tread (the range ot
analog input voltage that provides the same digital output
code) is therafore 1 LSB wide.

Figure 1b shows & worst case errof plot for the ADC0801.
Al center-valued inputs are guaranteed to produce the cor-
rect output codes and the adjacent risers are guaranteed to
be no closer 1o the center-value points than +V, LSB. In

other words, if we apply an analog input equal to the center-

value * Vi LSB, wo guarantee that the A/D will produce the:

correct digital code. The maximum range of the position of
the code transition is indicated by the horizontal arrow and it
is guaranteed to be no more then 1, LSB.

The etror curve of Figure Tc shows a8 worst case error plot
for the ADC0802. Hers we guarantee that if we apply an
analog input equal to the LSB analog voltage center-value
the A/D will produce the correct digital code.

Next 1o each transfer function is shown the corresponding
error plot. Many people may be more familiar with error plots
than transfer functions. The analog input voltage to the A/ID
is provided by either & linear ramp or by the discrete output
steps of a high resolution DAC. Notice that the error is con-
tinuously displayed and includes the quantization uncertain-
ty of the A/D. For example the error at point 1 of Figure 1a
is + 1, LSB because the digita! code appeared ', LSB in
advance of the center-value of the tread. The error plots
always have a constant negative siope and the abrupt up-
side steps are always 1 LSB in magnitude.

Transfer Function Error Plot
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. 1 FIGURE 1.Claritying the Error Specs of an A/D Converter
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Functional Description (continved)

2.0 FUNCTIONAL DESCRIPTION

The ADC0801 series contains a circuit equivalent of the
256R network, Analog switches are sequenced by succes-
sive approximation logic to match the analog difference in-
put voltage-TViN(+) — Vin{=)] to & corresponding tap on
the R network. The most significant bit is tested first and
after B comparisons (64 clock cycles) a digital 8-bit binary
code (1111 1111 = full-scale) Is transferred to an output
latch and then an interrupt is asserted (INTR makes a high-
to-low transition). A conversion in process can be interrupt-
ed by issuing a second start command. The device may be
operated in the freeyunning mode by connecting TNTR to
the WR input with TS =0. To ensure start-up under ail pos-
sible conditions, an external WR pulse is required during the
first power-up cycle.

On the high-to-low transition of the WR input the internal
SAR latches and the shitt register stages are reset. As long
as the CS input and WR irput remain low, the A/D will re-
main in a resel state. Conversion will start from 1 to 8 clock
periods afier at Isast one of these inputs makes & low-to-
high transition.

A functional diagram of the A/D converter is shown in Fig-
ure 2. All of the package pinouts are shown and the major
logic control paths are drawn in heavier weight lines.

The converter is sterted by having TS and WR simuita-
neously low. This sets the start flip-flop (F/F) and the result-
ing 1" level resets the 8-bit shitt register, resets the Inter-
rupt (INTR) F/F and inputs a “*1™* to the D flop, F/F1, which
is at the input end of the B-bit shift register. Intemal clock
signals then transfer this “1"” to the Q output of F/F1. The
AND gate, G1, combines this 1" output with a clock signal
to provide a reset signa! to the start F/F. If the set signal is
no longer present {sither WR or CSis a “1") the stat F/F is
resetl and the 8-bit shift register then can have the “1”
clocked in, which starts the conversion process. if the set
signal were to still be present, this resst pulse would have
no eHiect (both outputs of the start F/F would momentarily
be at a **1” level) and the 8-bit shift register would continue

to be held in the reset mode. This logic thersfore allows for

wide CS and WH signals and the converter will start atter at
least one of these signals returns high and the internal
clocks again provide a reset signal for the start F/F.
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INFUT FROTECTION
FCRALLLDGIC IPUTS

INPUT LK

TO INTERNAL l L
CIRELITS ! 3
£
RESET wauv
D
]
.
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Functional Description (continueq)

After the "1" is clocked through the 8-bit shift register
(which completes the SAR search) it appears as the input to
the D-type latch, LATCH 1. As soon as this 1" is output
frem the shift register, the AND gate, G2, causss the new
digital word to transfer to the TRI-STATE output latches.
When LATCH 1 is subsequently enabled, the Q output
makes a high-to-low transition which causes the INTR F/F
to set. An inverting butier then supplies the INTR input sig-
nal

Note that this SET contro! of the INTR F/F remains low for
8 of the external clock periods (as the internal clocks run at
Ya of the frequency of the external clock). If the data oulput
is_continuously enableg (CS and RD both held low), the
INTR output will stil signal the end of conversion (by a high-
to-low transition), because the SET input can control the Q
output of the INTR F/F even though the RESET input is
constantly at a “1” leve! in this operating mode. This INTR
output will therefore stay low for the duration of the SET
signal, which is 8 periods of the external clock frequency
(assuming the A/D is not started during this interval),

Vhen operating in the free-running or continuous conver-
sion mode (INTR pin tied to WR and CS wired low—see
also section 2.8), the START F/F is SET by the high-to-low
transition of the INTR signal. Tnis ressts the SHIFT REGIS-
TZR which causes the input to the D-type lateh, LATCH 1,
10 go low. As the fatch enable input is still present, the Q
output will go high, which then allows the INTR F/F to be
AESET. This reduces the width of the resulting INTR output
puise to only & few propagation delays (approximately 300
ns).

When data is to be read, the combination of both TS and
RD being low will cause the INTR F/F to be reset and the
TRI-STATE output latches will be enabled to provide the 8-
bit digital outputs.

2.1 Digltal Control Inputs

The digita! control inputs (TS, RD, and WR) mest standard
T2L logic voltage levels. These signals have been renamed
when compared to the standatd A/D Start and Output En-
abie labels. in addition, these inputs are active low to allow
an easy interface to microprocessor control busses. For
non-microprocsssor based applicatiohs, the TS input (pin 1)
can be groundad and the standard A/D Start function is
obtained by an active low pulse applied gt the WR input (pin
3) and the Output Enable function is calised by an active
low pulse at the FD input (pin 2).

2.2 Analog Differential Voltage Inputs and
Common-l4ode Rejection

This A/D has additional applications flexibility dus to the
&naleg differential voltage input. The Vin(—) input {pin 7)
can be used {0 automatically subtract a fixed voltage value
from the input reading (tare correction). This is also useful in
4 mA-20 mA current loop conversion. In addition, common-
mode noise can be reduced by use of the differential input.
The time interval betwesn sampling Viy(+) and ViN(—) is 4-
Y, clock pericds. The maximum error voltage due to this

slight time difference between the input voltage samples is
given by:

AVe(MAX) = (V) (2rer) (ﬁ )

where:
AV, is the error voltage dus to sampling delay
Vp is the peak value of the common-mode voltage
{em is the common-mode frequency

As an exampls, to keep this etror to Y LSB (~5 mV) when
operating with a 60 Hz common-mode frequency, f.m, and
using & 640 kHz A/D clock, fcrk, would allow a peak value
of the common-mode voltags, Vp, which is given by:

Ve = 12Va(vax) (o]
p = 1o altAx) CoLkl]

(27r1em) (4.5)
or
_ {5 X 10-3) (640x 103)
©(6.26) (60) (4.5)
which gives

Vp=1.9V,

The allowad range of analog input voltages usually places
more severs restrictions on input common-mods noise lev-
6ls.

An analog input voltage with a reduced span and a relatively
large zero offset can be handiad easily by making use of the
differential input (see section 2.4 Reference Voltage).

2.3 Analog Inputs
2.3.1 Input Current

Normal Mode
Due to the internal swilching action, displacement cyrrents

“will flow at the analog inputs. This is due to on-chip stray

capacitance to ground as shown in Figure 3.
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Functional Description (Continued)

The voltage on this capacitance is switched and will resultin
currents entering the Vin(+) inpul pin and leaving the
Vin(—) input which will depend on the analog ditferential
input voltage levels. These current transients occur at the
teading edge of the internal clocks. They rapidly decay and
do not cause errors as the on-chip comparator is strobed at
the end of the clock period.

Fault Mode

It the voltage source applied to the Vin(+) or Vin(=) pin
exceeds the allowed gperating range of Ve +50 mV, large
input currents can flow through a parasitic diode to the Ve
pin. If these currents can exceed the 1 mA max aliowed
spec, an exiernal diode (1N914) should be added to bypass
this cument 10 the Ve pin (with the current bypassed with
this diode, the voltage at the Vin(+) pin can exceed the
V¢ voltage by the forward voltage of this diode).

2.3.2 Input Bypass Capacitors

Bypass capacitors at the inputs will average these charges
and cause a DC current to flow through the output rasist-
ances of the analog signal sources. This charge pumping
action is worse for continucus conversions with the Vin(+)
input vottage at full-scale. For conlinuous conversions with
640 kHz clock frequency with the Vin(+) input.at 5V, this
DG current is at a maximum of approximately 5 pA. There-
fore, hypass capacitors should not be used at the analog
inputs or the Vrer/2 pin for high resistance sources 1
k). If input bypass capacitors are necessary for noise filter-
ing and high source resistance is desirable to minimize ca-
pacitor size, the detrimental effects of the voltage drop
across this input resistance, which is due to the average
value of the input current, can be eliminated with a full-scale
adjustment while the given source resistor and input bypass
capacitor are both in place. This is possible because the
average value of the input current is a precise linear func-
tion of the differential input voltage.

2.3.3 Input Source Resistance

Large values of source resistance where an input bypass
capacitor is not used, will not cause errors as the input cur-
rents settle out prior to the comparison time. If a low pass
filter is required in the system, use a low valued series resis-
tor (< 1 k(1) for a passive RC section or add an op amp RC
active low pass filter. For fow s:':)u.'ce resistance applica-
tions, (< 1 k), a0.1 pF bypass capacitor at the inputs wilt
prevent noise pickup due 10 serie# lead inductance of a long
wire. A 1009 series resistor can be used to isolate this ca-
pacitor—both the R and C are placed outside the feedback
loop—irom the output of an op abp, if used.
|

2.3.4 Noise

The leads to the analog inputs (pin 6 and 7) should be kept
as short as possible to minimizetinput noise coupling. Both
noise and undesired digital clock coupling to these inputs
¢can cause system errors. The source resistance for these
inputs should, in general, be kept below 5 k.Larger values
of source resistance can cause undesired system noise
pickup. Input bypass capacitors, placed frem the analog in-
puts to ground, will eliminate system noise pickup but can
create analog scale errors as these capacitors will average
the transient input switching currents of the A/D (see sec-
tion 2.3.1.). This scale error depands on both a large source
Y |

L

resistance and the use of an inpul bypass capacitor. This
error can be eliminated by doing a full-scale adjustment of
the A/D (adjust VRer/2 for a proper {ull-scale reading—see
section 2.5.2 on Full-Scale Adjustment) with the source re-
sistance and input bypass capacitar in place.

2.4 Reference Voltage

2.4.1 Span Adjust

For maximum applications flexibility, these A/Ds have been
designed to accommodate 2 5 Vpe, 2.5 Vpg or an adjusted

. voltage reference. This has been achieved in the design of

the IC as shown in Figure 4.

vee Vaes)
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[
Vagtn O—
AEHZ S DIGITAL
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8q y beeone CIACUITS
xenp |1 TERO |18

TLIM/5671-15
FIGURE 4. The VREFERENCE Design onthe IC

Notice that the reference voltage for the IC is either V5 of
the voltage appiied to the Vg supply pin, of is equal to the
voltage that is externally forced at the Vgeg/2 pin. This al-
lows for a ratiometric voltage reference using the Vg sup-
ply, a 5 Vpg reference voltage can be used for the Voo
supply or a voltage less than 2.5 Vpg can be applied to the
VReg/2 input for increased application flexibility. The inter-
nal gain o the Vrer/2 input is 2, making tne full-scaie differ-
ential input voltage twice the voltage al pin 9.

An exarple of the use of an adjusted reference voltzge is to
accommodate a reduced span—or dynamic vollage range
of the analog input voliage. If the anzlog input vollage were
1o range from 0.5 Vpg 10 3.5 Vpg, instead of OV to 5 Voc.
the span would be 3V as shown in Figure 5. With 0.5 Vpc
applied to the Vin{=) pin to absorb the ofiset, the reference
voltage can be made equal to ¥ of the 3V span of 1.5 Vpe.
The A/D now will encode the Vin(+) signat from 0.5V153.5
V with, the 0.5V input corresponding to &0 and the 3.5 Vpc
input corresponding to tull-scale. The full 8 bits of resolution
are therelore apphed over this reduced analog input voltage
range.
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Functional Descrintion {Continued)

*Add i VRep/2 < 1 Voc with LM3sg
to draw 3 mA 1o ground.

»
=4V vigtmax
-‘i 4 Q.ey)
)
? Vigleiwiy  SPAR <3V
1 10.5v)
]

a) Analog input Signal Example

y _

Vixt+)

A )
Vree2
7
Vigt-)
*VREF l
8.5 Vpe 1.Evpe mwm‘—: .
TERD-SHIFT SPAN R
ADJ 4D)

T”F
=

TLIMI5671-16

b) Accommodatlng an Analog Input from

0.5V (Digital Out = = 00Hex) to 3.5V
{Digltal Out = FFueyx)

FIGURE &. Adapting the A/D Analog Input Voltages to Match an Arbltrary Input Signal Range

2.4.2 Reference Azcuracy Requirements

The converter can be operated-in a ratiometric mode or an
absolute mode. In ratiometric ‘Eonverter applications, the
magnitude of the referance vollage is a factor in both the
output of the source transducar and the oulput of the A/D
converler and therefore cancels out in {he final digital output
code. The ADC0305 is specified paniéh!a(Iy for use in ratio-
metric applications with no adjustments r: quired. In abso-
lute conversion applications, both the initial value and the
temperature stability of the reference voltage are important
factors in the accuracy of the A/D converter, For Vpggs2
voltages of 2.4 Voc nominal value, initial errors of 10
mVoe wili cause conversion errors of +1 LS8 due to the
gain of 2 of the VRep/2 input. In reduced Spari applications,
the initial valus and the stability of the VReF/2 input voltage
beceme even more important, For example, if the span is
raduced o 2.5V, the &nalog input LSB voltage value is cor-
responcingly reduced from 20 mV (5V span) fo 10 mv and
1 LS8 at the Vpge/2z input becomes 5 mv. As can be seen,
this raduces the allowed initial tolerance of the reference
voltage and requires correspondingly iess absolute change
with temperature variztions, Note that spans smaller than
2.5V plzce even tighter requirements on the initial accuracy
and stability of the reference source.

In general, the magnitude of the reference voltage will re-
quire an initial adjustment. Errors due to an improper value
of reference voltage appear as full-scale errors in the A/D
transfer function. IC voltage regulators may be used for ref-
erences if the ambient temperature changes are not exces-
sive. The LM3368 2.5v IC reference ciode {from National
Semiconduclor) has a temperature stability of 1.8 mv typ
(6 mV max) over 0°'C<To<+70°C. Other temperature
fange parts are also available,

2.5 Errors and Reference Voltage Adjustments -
2.5.1 Zero Error

The zero error of the A/D converter relates to the chitibn
of the first riser of the transfer function and can be mea-
sured by grounding the Vi ( ~) input and applying a small
magnitude positive vollage 1o the ViN (+) input. Zero error
is the difference between the actual DC input voltage that is
necessary to just cause an cutput digital code transition
from 0000 0003 to 0000 0001 and the ideal 4 LS3 value
(Y2 LSB = 9.8 mV for VRer/2=2.500 Vpg).

2.5.2 Full-Scale

The tull-scale adjustment can be made by applying a ditfer-
ential input voltage that is 1%, LS8 less than the desired
anaiog full-scale voltage range and then adjusting the mag-
nitude of the VReg/2 input (pin 9 or the Ve supply if pinQis
not used) for a digital output code that is just changing from
11111010 1111 1117,

e 8
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Functional Description (ontinued

2.5.3 Adjusting for an Arbitrary Analog Input Voltage
Range

I the analog zero voltage of the A/D is shifted away from

ground (for example, to accommodate an analog input sig-
nal that does not go to ground) this new zero reference
should be properly adjusted first. A Vy(+) voltage that
equals this desired zero reference plus ¥, LSB (where the
LSB is calculated for the dedired analog span, 1 LSB=ana-
log span/256) is applied to pin 6 and the zero reference
voltage at pin 7 should then be adjusted to just obtain the
00xex to 01y code transition.
The full-scale adjustment should then be made (with the
proper Vin{—) voltage applied) by forcing a voltage to the
Vin(+.) input which is given by:
-— V .
Vin (+) fs adj = Vax—1.5 [ M}
256

where:

Vmax=The high end of the analog input range
and

Vmin=the low end (the offset zero} of the analog range.
(Both are ground relerenced.)

The Vreg/2 (or Vi) voltage is then adjusted to provide a

code change from FEygx to FFgx. This completes the ad- -

justment procedure.

2.6 Clocking Option

The slock for the A/D can be derived from the CPU clock or
an external RC can be added to provide self-clocking. The
CLK IN (pin 4) makes use of a Schmitt trigger as shown in
Figure 6.

\J
CLKR
1%
i
" CK=ITRC
cux ) l>c .. R=10 k0
4
c ]
I AD v
)
)
i TL/H/S6T1-17

FIGURE 6. Self-Clocking the A/D

Heavy capacitive or DC loading of the clolck R pin should be
avoided as this will disturb normal converter operation.
Loads less than 50 pF, such as driving up to 7 A/D convert-
er clock inputs from a single clock R pin of 1 converter, are
allowed. For larger clock line loading, a CMOS or low power
TTL bufler or PNP input logic should be used to minimize
the loading on the clock R pin (do not use a standard TTL
bufter).

2.7 Restart During a Conversion

it the A/D is restarted (C3 and WR go low and return high)
during a conversion, the converter is reset and a new con-
version is started. The output data latch ig not updated if the

H

pamev

conversion in process is not allowed to be completed, there-
fore the data of the previous conversion remains in this
latch. The INTR output simply remains at the “'1" level.

2.8 Continuous Converslons

For operation in the free-running mode an initializing pulse
should be used, following power-up, to ensure circuit opera-
tion. In this application, the TS input is grounded and the
WR input is tied 1o the INTR output. This WR and INTR
node should be momentarily forced 10 logic low foliowing a
power-up cycle 10 guarantee operation.

2.9 Driving the Data Bus

This MOS A/D, like MOS microprocessors and memories,
will require a bus driver when the total capacitance of the
data bus gets large. Other circuitry, which is tied o the data
bus, will add to the total capacitive loading, even in TRI-
STATE (high impedance mode). Backplane bussing also
greatly adds 1o the stray capacitance of the data bus.

There are some alternatives available to the designer to
handle this problem. Basically, the capacitive loading of the
data bus slows down the response time, even though DC
specifications- are still met. For systems operating with a
refatively slow CPU clock frequency, more time is available
in which to establish proper logic levels on the bus and
therefore higher capacitive loads can be driven (see typical
characleristics curves).

At higher CPU clock frequencies time can be exterded for
170 reads (and/or writes) by inserting wait states (8080} or
using clock extending circuits (6800). .
Finally, if time is short and capacitive loading is high, exter~
nal bus drivers must be used. These can be TRI-STATE
bufiers (low power Schottky such as the DM74LS240 series
is recommended) or special higher drive current products
which are designed as bus drivers. High current bipolar bus
drivers with PNP inputs are recommended.

2.10 Power Supp'les

Noise spikes on the Veg supply line can cause conversion
errors as the comparator will respond to this noise. A low
inductance tantalum filter capacitor should be used close to
the converter Voc pin and values of 1 uF or greater are
recommended. If an unregulated voltage is available in the
system, a separate LM340LAZ-5.0, TO-92, 5V voltage regu-
tator for the converter (and other analog circuitry) will greatly
reduce digital noise on the Vg supply.

2.11 Wiring and Hook-Up Precautions

Standard digital wire wrap sockets are not satisfactory for
breadboarding this A/D converter. Socke!s on PC boards
can be used and all logic signal wires anc leads should be
grouped and kept as far away as possible from the analog
signat leads. Exposed leads to the analog inputs can cause
undesired digital noise and hum pickup, therefore shielded
leads may be necessary in many zpplications.
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Functional Description (Continued)

A single point analog ground that is separate from the logic
ground points should be used. The power supply bypass
capacitor and the self-clocking capacitor (if used) should
both be returned to digital ground. Any VRgr/2 bypass ca-
pacitors, analog input filter capacitors, or input signal shield-
ing shoutd be returned to the analog ground point. A test for
proper grounding is to measure the zero error of the A/D
converter. Zero errors in excess of Y, LSB can usually be
traced to improper board layout and wiring (see section
2.5.1 for measuring the zero error).

3.0 TESTING THE A/D CONVERTER

There are many d%grees of complexity associated with test-
ing an A/D converter. One of the simplest tests istoapplya
known analog input voltage to the converter and use LEDs
1o display the resulting digital output code as shown in Fig-
ure 7. :

For ease of testing, the Vreg/2 (pin 9) shoeuld be supplied
with 2560 Vpe and a Vgg supply voltage of 5.12 Vpg,
should be used. This provides an LSB value of 20 mV.

If a full-scale adjustment is to be made, ar. analog input
voltage of 5,090 Vpg (5.120-1; LSB) should be applied to
the Vin(+) pin with the Vin(—) pin grounded. The value of
the VReg/2 input voltage should then be adjusted until the
digital output code is just changing from 1111 1110 to 1111
1111. This value of Vrgg/2 should then be used for all the
tests. .

The digital output LED display, can be decoded by dividing
the 8 bits into 2 hex characters, the 4 most significant (MS)
and the 4 least significant (LS). Table | shows the fractional
binary equivalent of these’ two 4-bit groups. By adding the
voltages obtained from the “VMS" and “VLS" columns in
Table |, the nominal value of the digital display (when

ADC0801/ADC0802/ADC0803/ADC0804/ADCO805

1
o/ i o510V
M I-O
19 uf
2 " ;’;nnuw
R

150 pF

AD

—O ' Vpe

2580 V¢ ' 12 712N
VReel
Wb w0 "
»
¥| 1.3 L
i - D CAD W wSLal2?
{

TL HI5671-18
FIGURE 7. Basic A/D Tester . !

+

VRer/2 = 2.560V) can be delermined. For example, for an
output LED display of 1011 0110 or B6 (in hex), the voltage
values from the table are 3.520 + 0.120 or 3.640 Vpc.
These voltage values represent the center-values of a per-
fect A/D converter. The effects of quantization error have-to
be accounted for in the interpretation of the test results,

For a higher speed test system, or to oblain plotled data, a
digital-to-analog converter is needed for the test set-up. An
accurate 10-bit DAC can serve as the precision voltage
source for the A/D. Errors of the A/D under test can be
expressed as either analog voltages or differences in 2 digi-
tal words.

A basic A/D tester thal uses a DAC and provides the error
as an analog output voltage is shown in Figure 8. The 2 op
amps can be eliminated if a fab DVM with a numerical sub-
traction feature is available to read the difference voltags,
“A-C", directly. The analog input voltage can be supplied
by a low frequency ramp generator and an X-Y plotter can
be used to provide analog error (Y axis) versus analog input
(X axis). The construction details of a tester of this type are
provided in the NSC application note AN-179, “Analog-to-
Digital Converter Testing”.

For operation with a microprocessor or a computer-based
test system, it is more convenient to present the errors digi-
tally. This can be done with the circuit of Figure 9, where the
output code transitions can be detected as the 10-bit DAC s
incremented. This provides V4 LSB steps for the 8-bit A/D
under test. If the resuits of this test are automatically plotied
with the analog input on the X axis and the error {in LSB’s)
as the Y axis, a yseful transfer function of the A/D under

test results. For acceptance testing, the plot is not neces-

sary and the lesting speed can be increased by eslablishing
internal limits on the aliowed error for each code.

4.0 MICROPROCESSOR INTERFACING

To dicuss the interface with 8080A and 6800 microproces-
sors, a common sample subroutine structure is used. The
microprocessor starts the A/D, reads and stores the results
ol 16 successive conversions, then returns to the user’s
program. The 16 data bytes are stored in 16 successive
memory locations. All Data and Addresses will be given in
hexadecimal form. Software and hardware=details are pro-
vided separately for each type of microprocessor.

4.1 Interfacing 8080 Microprocessor Derivatives (8048,
8085)

This converter has been designed 1o directly interface with
derivatives of the 8080 microprocessor. The A/D can be
mapped into memory space (using standard memory ad-
dress decoding for CS and the MEMR and MEMW strobes)
or it can be controlled as an 1/0 device by using the i70R
and i70 W strobes and decoding the address bits AO —
A7 (or address bits AB — A15 as they will contain the
same 8-bit address information) to obtain the TS input, Us-
ing the I/0 space provides 256 additional addresses and
may allow a simpler B-bit address decoder but the data can
only be input to the accumulator. To make use of the addi-
tional memory reference instructions, the A/D should te
mapped intc memory space. An example of an A/D in 1/0
space is shown in Figure 10.
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Functional Description (continueq)

-

L2 1Ls
AD

UNDER TEST

DALY

VaNALOG DUTPUT

2
100X ANALOG
ERROR VOLTAGE
FIGURE 8. A/D Tester with Analog Error Output
DIGITAL oacieos  \'Awarogf . UNDER DIGITAL
weuT TolY TEST ouTPUT
DAC
TLIH/5671-19
/ FIGURE 9. Baslc “Digital” A/D Tester
. TABLEL DECODIP;IG THE DIGITAL OUTPUT LEDs
OUTPUT VOLTAGE
FRACTIONAL BINARY VALUE FOR SONJER VALUES
HEX BINARY WITH
VREF/2=2.560 Vp¢
MS GROUP LS GROUP VMS GROUP* | VLS GROUP'*

F Tt 1 11 15/16 15/258 4.800 0.300
E 1 1 1 0 7/8{ 7/128 4.480 0.280
o] 1 1 0 1 : 13/16 137256 4.160 0.250
¢ 1 1 0 0O 374 i ' 3/64 3.840 0.240
B i 0 1 1 11/16 11/256 3.520 0.220
A 1 0 1 0 5/8 | 5/128 3.200 0.200
9 1 0 0 1 , 8/18 9/256 2/880 0.180
8 1 0 6 O0f 172 1/32 2/560 0.160
7 o 1 1 1 7/186 7/256 2.240 0.140
6 c 1 1 0 3/8" 3/128 1.820 0.120
S o 1 0 1 5/16 2/256 1.600 0.100
‘[ S R 174 1/64 1/280 0.080
3 o 0 1 1 3/16 37255 0.960 0.060
2 0 0 1t o0 1/8 1/128 0.640 0.040
1 0 0 0 1 1716 17256 0.320 0.020

o Jo o0 0 o _ 0 0

H
"Digpiay Output = VMS Group + VLS Group :
v '
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Note 1: *Pin numbers for the DP8228 system controller, others are INSBOBOA. .
Note 2: Pin 23 of the INS8228 must be tied to + 12V through & 1 k) resistor to generata the RST 7
instruction when an interrupt is acknowledged as required by the accompanying sample progrem. .
FIGURE 10. ADC0801-INS8080A CPU Interface
SAMPLE PROGRAM FOR FIGURE 10 ADCO0801-INS8080A CPU INTERFACE
0038 €30003 RST 7: JKP LD DATA
L] L] . L]
- . L]
0100 210002 START: Q LXI H 0200H ;HLpairwill peint to
s data storage locations
0103 310004 RETURN: LXI SP 0400H :Initialize stack pointeri(h‘ote 1)
0106 7D NOVA, L :Test fof bytesentered
0107 FEOF CPIOFH 1I1f#=16. JMP to i '
0109 CA1301 JZ CONT ;user program -
010C D3 EO OUTEOH ; Start A/D '
OLOE FB EI ;Enable interrupt I
010F 00 LOOP: ROP :Loopuntil end of !
0110 C30F 01 JNP LOOP ;conversion
0113 . CONT: . !
L] L] L] .l
4 4 {User progranto o
. . process data) .
L] L] . *
L] L d L] L]
0300 DB EO LDDATA: INEOE :Loaéd éata into accusmulater
0302 77 MOVIH, A : Store cata
0303 23 INXH : Increment storage pointer
0304 €30301 JMP RETURN
Note 1: The stack ponter must be aimensioned because 8 RET 7 instructiaf’ pushes the PC onto the stack. v
Note 2: All adaress used were arbitranly chosen. i H
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Functional Description (Continued) §
The standard control bus signals of the 8080 TS, RD and It is important to note that in systems where the A/D con- o
WH) can be directly wired to the digital control inputs of the verter is 1-0f-B or less 1/O mapped devices, no address hrd
A/D and the bus timing reguirements are met to allow both decoding circuitry is necessary. Each of the 8 address bits ;
starting the converter and outputting the data onto the data (AD o A7) can be directly used as CS inputs—one for each o
bus. A bus driver should be used for larger microprocessor 1/0 device. 8
systems where the data bus leaves the PC board and/or © i
must drive capacitive loads larger than 100 pF. 4.1.2INSB048 Interface Q .
The INSB048 interface technique with the ADCO801 series < R
4.1.1 Sample 8080A CPU Interfacing Circultry and (see Figure 11) is simpler than the 8080A CPU interface. | = -
Program There are 24 170 lines and three test input lines in the 8048. 8 "}
The following sample program and associated hardware With these extra 1/0 lines available, cne of the 170 lines (bit S :
shown in Figure 10 m% be used to input data from the 0 of port 1) is used as the chip select signal to the A/D, thus 8
convertsr 1o the INSB0B0A CPU chip set {comprised of the eliminating the use of an external address decoder. Bus d
INSBOBOA microprocessor, the INSB228 system controller control signals AD, WR and TNT of the 8048 are tied directly b
and the INS8224 clock generator). For simplicity, the A/D is 1o the A/D. The 16 converted data words are s_lgred at on- 8
controlied as an 1/0 device, specifically an B-bit bi-direction- chip RAM locations from 20 to 2F (Hex). The RD and WR b4
al port located atan arbitrarily chosen port address, E0.The signals are generated by reading from and writing into a g
TRI-STATE output capability of the A/D eliminates the need dummy address, respectively. A sample interface program &
for a peripheral interface device, however address decoding is shown below. >
is still required to generate the appropriate TS for the con- g
verter. 8 =
it
o D O T 3 1
Vit guled Wow Ve T s o 'i
I on = g1
on W 1% o8 ‘ :i
o e Mon IR
JN D US——— 7] B
o5 ha Bon ‘”
ovs e Lt PP R
AR DALY Wingy avceet H
150 9F i
w5t —Ly|am TR ﬁ—l" ~ !
wRL—2 ~Lyiim CLX 1K : et ]
wr | S = gy
e —Iyic acuojd . * !'l
' D&KD q . ¥
ANALOG {-—; Vit {i 3
vis INPUT | ——d Viyi-} = H ;E_
4 1= i H
p b TU/H/5671-21 t
FIGURE 11. INS8048 Interface b
SAMPLE PROGRAM FOR FIGURE 11INS8048 INTERFACE R
04 10 JNP 108 : Prograz starts at addr 10 )
ORG 3H ;!
04 50 JWP S50H : Interrupt jump vector k
ORG 10H ; Main program
99 FE AND P1, 4OFEH : Chip select o
81 MOVX A, ER1 ; Read 1;1 the 1st data
;torespt the inmtr L
8901 START: ORL Pl, #1 : Set port pinhign ‘l
B8 20 yov RO, #20H ;Data eddress l
B9 FF ¥ov Rl, #OFFH : Dummy pédress :
BA 10 ¥ov R2, #10H : Count¢r for 16 bytes i
23 FF AGAIN: MOV A, #OFFH : Set ACC for intrloop .
99 FE ANL P1, #0FER ; Send CS {(bit O of Fl) !
91 MOVX €R1, A : Send WE cut
05 [ EN 1 ; Enable interrupt
96 21 LOOP: JNZ LOOP s¥ait for interrupt
EALlB DIRZ R2, AGAIN ; 1t 16 tytesere read
00 LOP 1goto wuser's program
00 KOP
. ORG 50H
81 INDATA: gl ¥OVX A, €R1 : Iaput éeta, CS still low i
AD i ¥OV €RO, A ; Stere innemory :
18 ' IKC RO : Increzent storage counter H
89 01 ORL Pl, #1 :RegeuCs signal
27 CLR A 1 Clear ACC to get out of ,
93 / RETR : the i4zerrupt loop
— e
: 3.37

e e i b —— ey




B A A il 3

ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

[REES ST

Functional Description (Continued)

4.2 Interfacing the Z-80

The Z-B0 control bus is slightly different from that of the
8080. General RD and WR strobes are provided and sepa-
rate memory request, MREQ, and 1/0 request, TORQ, sig-
nals are used which have to be combined with the general-
ized strobes to provide the equivalent 8080 signals. An ad-
vantage of operating the A/D in /O space with the Z-80 is
that the CPU will automatically insert one wait state (the RD
and WH strobes are extended one clock period) to allow
more time for the 1/0 devices to respond. Logic to map the
A/D in /O space is shown i;a Figure 13.

L BB 1
[ORT A
w2
L)
MMHE32 TL/RIS6T1-23
FIGURE 13. Mapping the A/D as an 1/0 Device
for Use with the Z-80 CPU -

Additional 1/0 advantages exist as software DMA routines
are available and use can be mads of the output data trans-
fer which oxists on the upper B address lines (A8 to A15)
during 1/0 input instructions. For example, MUX channs!
selection for the A/D can be accomplished with this operat-
ing mode.

4.3 Interfacing 6800 Microprocessor Derlvatives
(6502, etc.) .

The control bus for the 6800 microprocessor derivatives
does not use the RD and WR strobe signals. Instead it em-
ploys a single R/W line and additional timing, if needed, can
be derived fom the &2 clock. All 1/0 devices are memory
mapped in the 6800 system, and & special signal, VMA,
indicates that the current address is valid. Figure 14 shows
an interface schematic whers the A/D is memory mapped in
the 6800 system. For simplicity, the T8 decoding is shown
using 1, DM8092. Note that in many 6800 systems, an al-

ready decoded 475 line is brought out to the common bus at
pin 21. This can be tied directly to the CS pin of the A/D,
provided that no other devices are addressed at HX ADDR:
4XXX or BXXX.

The following subroutine performs essentially the same
function as in the case of the 8080A interface and it can be
called from anywhere in the user's program.

In Figure 15 the ADCOBO1 series is interfaced o the M6800
microprocessor through (the arbitrarily chosen) Port B of the
MC6820 or MC6821 Peripheral Interface Adapter, (PIA).
Here the TS pin of the A/D is grounded since the PIA is
already memory mapped in the M6800 system and no CS
decoding is necessary. Also notice that the A/D outpul data
lines are connecled to the microprocessor bus under pro-
gram control through the PIA and therefore the A/D BD pin
can be grounded.

A sample interface program equivalent 1o the previous one
is shown below Figure 15. The PIA Data and Control Regls-
ters of Port B are located at HEX eddresses 8006 and 8007,
respectively.

5.0 GENERAL APPLICATIONS

The tollowing applications show some interesting uses for
the A/D. The fact that one particular microprocessor is used
is not meant 1o be restrictive. Each of these application cir-
cuits would have its counterpart using any microprocessor
that is desired. '

5.1 Multiple ADC0801 Serles to MC6800 CPU Interfsce

To transfer analog data from several channels 1o a single
microprocessor system, & multipte converter scheme pre-
sants several advantages over the conventional multiplexer
single-converter approach. With the ADC0801 series, the
differential inputs allow individual span adjustment for sach
channel. Furthermore, all analog input channels are sensed
simultaneously, which ‘essentially divides the microproces-

. sor's total system servicing time by the number of channels,,

since all conversions occur simultaneously. This scheme is
shown in Figure 16.
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FIGURE 14. ADC0801-MC6800 CPU Interiace
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0010
0012
0015
0018
001B
001C
001D
OO0LF
0022
0024
0027
0028
002A
002C
002E
0031
0033
0034

0036
0038
003B
003D
003F

INPUTS O,

159 pF

o

. .

SAMPLE PROGRAM FOR FIGURE 14 ADC0801-MC6800 CPU INTERFACE

s Save contentsof X
;UponiﬁalowCPU

+ Jumps to 002C

; Start ADCO801

DF 36
CE 00 2C
FFFFF8
B7 50 00
OE

3E

DE 34
8C 02 OF
2714
B7 5000
08

DF 34
20 FO
DE 34
B6 50 00
AT 00 -
3B

02 00

00 00
CE 0200
DF 34
DE 36
39

DATAIN

CONVRY

INTRPT

TENPL

TENP2
EKDP

Functional Description (continued)

STX
LbX
STX
STAA
CLI
WAL
LDX
CPX
BEQ
STAA
INX
STX
BRA
LDX
LDAA
STAA
RTI
FDB

FDB
LDX
STX
LDX
RIS

TEMP2
#$002C
$FFF8
$5000

TENFL
#$020F
ERDP
$5000

TEMP1
CONVRT
TENMPL
$5000
X

§0200

$0000
#$0200
TEMP1
TENP2

A

10k

1995
#aa

o
»

w |»

Q

T...q..

{

LKIN
NTR

Vm(.’
Vini-)
A GND
VRepR
0 GKO

A/D

—O sv

[ -

FIGURE 15. ADCOBO1-M£582O PIA interface

s Wait for interrupt
;Is final data stored?

;Restarts ADCO80L

; Store itatX

;s Starting address for
;data storage

§0800AVY/$0800QV/€08000V/20800QV/10800AY

;Reinitialize TENPL

: Return from subrouting
;i Touser's program
Note 1: In order for the microprocessor 1o service subroutines and interrupts, the stack pointar must be dimensioned in the user's program.
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The following schematic and sample subroutine (DATA IN)
may be used 1o interface (up to) 8 ADC0801's directly to the
MC6800 CPU. This scheme can easily be extended to allow
the interface of more converters. In this configuration the
converters are (arbitrarily) located at HEX address 5000 in

clock signal is derived from just one RC pair on the first
converter. This output drives the other A/Ds.

All the converiers are started simulianeously with a STORE
instruction at HEX address 5000. Note that any other HEX
address of the form 5XXX will be decoded by the circuit,
pulling alt the TS inputs low. This can easily be avoided by
using a more definilive acdress decoding scheme. All the
interrupts are ORed together to insure that all A/Ds have
completed their conversion before the microprocessor is in-
terrupted.

The subroutine, DATA IN, may be called from anywhere in
the user's program. Once called, this routine initializes the

)
(=3
3| Functional Description (continueq)
<3
<<
~
S 0010 CE00 38 DATAIN DX
= 0013 FFFFF8 STX
[&] 0016 B6 80 08 LDAA
2 0019 4F CLRA
S 0014 B7 8007 STAA
2 001D gv 8006 STAA
8 0020 E CLI
o 0021 C6 34 LDAB -
< 0023 86 3D . LDAA
N 0025 F780 07 CONVRT STAB
3 0028 B7 80 07 STAA
o 0028 3E WAI
2 002¢ DE 40 LDX
< 002E 8C 02 OF CPX
b= 0031 27 OF BEQ
=4 0033 08 INX
8 0034 DF 40 STX
< 0038 20 ED BRA
0038 DE 40 INTRPT LDX
0034 B568006 LDAA
003D A700 STAA
O03F 3B RTI
0040 02 00 TENPL FDB
0042 CE 0200 ENDP LDX
0045 DF 40 b STX
0047 39 RIS
PIAORB ~  EQU
PIACRB EQU

the MCEB00 memory space. To save components, the’

SAMPLE PROGRAM FOR FIGURE 15 ADC0801-MC6820 PIA INTERFACE

#$0038 : Upon IRQ low CPU
$FFF8 . + Jumps to 0038
PIAORB ; Clear possible IRQ flags
PIACRB
PIAORB + Set Port B as input
#3834
#33D
PIACRB ; Starts ADCOSOL
PIACRB
s Walt for interrupt
TENP1
#3020F ;s Is finel data stored?
ENDP
TEMPL
CONVRT
TEMPY
PIAORB ; Read data in
X ; StoreitatX
§0200 ; Starting eddress for
; date storage
#$0200 ;Reinitialize TEMPL
TEMPL ‘
; Return from subroutine
$8006 ; Touser's progren
$8007 A

CPU, starts all the converters simultaneously and waits for
the interrupt signal. Upon receiving the interrupt, it reads the
converters (from HEX addresses 5000 through 5007) and
stores the data successively at (arbitrarily chosen) HEX ad-
dresses 0200 to 0207, before returning to the user's pro-
gram. All CPU registars then recover the original data they
had before servicing DATA IN.

5.2 Auto-Zeroed Differential Transdvcer Ampiifier
and A/D Converter

The ditferential inputs of the ADC0801 series eliminate the
need to perform a differential to single ended conversion for
a differential transducer. Thus, one cp amp can be efliminat-
ed since the ditferential to single ended conversion is pro-
vided by the differential input of the ADC0801 series. In gen-
eral, a transducer preamp is required to take advantage of
the full A/D converter input dynamic range.

mp g o gy s e vl
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FIGURE 16. Intertacing Multiple A/Ds In an MC6800 System
SAMPLE PROGRAM FOR FIGURE 16 INTERFACING MULTIPLE A/Ds IN AN MC6800 SYSTEM

ADDRESS HEX CCDE MNEMONICS COMMENTS

0010 DF 44 DATAIN STX TENP : Save Contents of X

0012 CE 00 24 LDX #§002A s Upon TRQ LOW CPU

0015 FFFFF8 STX SFFF8 ; Jumps to 0024

0018 B7 5000 STAA $5000 ;StartsallA/D's

001B OE CLI

001C 3E WAL ;Wait Zor interrupt

001D CE 50 00 LDX #$5000 !

0020 DF 40 STX INDEX1 ;Reset both INDEX

0022 CE 0200 DX #50200 1land2to starting

0025 DF 42 STX IRDEX2 ;addresses

0027 DE 44 LOX TENP

0029 39 RIS :Return from subroutine

002A DE 40 INTRPT LDX INDEX1 s INDEXL — X i!

002¢C A8 00 LDAA X ;Read data infromA/Dat X

002E 08 IKX ; Increment X by one

002F DF 40 STX INDEX1 s+ X — IKDEX1 ;

0031 DE 42 LDX INDEX2 ; INDEX2 — X !
|
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A flow chart for the zeroing subroutine is shown in Figure
19. It must be noted that the ADCD801 series will output an
all zero code when it converts a negative input ini—) 2
Vin(+)). Also, 8 logic inversion exists as all of the 1/0 ports
are butfered with inverting gates.

Basically, if the data read is zero, the ditferential output volt-
age is negative, s0 8 bitin Port B is cleared to pull Vy more
negative which will make the output more positive for the
next conversion. it the data read is not zero, the output volt-
age is positive so & bit in Port B-is set o make Vx more
positive and the output more degative. This continues for 8
approximations and the differential output eventually con-
verges 1o within 5 mV of zero.

The actual program is given in Figure 20. Al addresses
used are compatible with the BLC 80/10 microcomputer
system. In particular:

Port A and the ADC0801 are at port address E4 -

Port 8 is at port address E5 :

port C is at port address ES

PP! controf word port is &t port address E7

Program Counter automatically goes to ADDR:3C3D upon
acknowledgemeri of an interrupt from the ADC0801

5.3 Multiple A/D Converters ina Z-80 interrupt
Driven Mode

In data acquisition systems where more than oné A/D con-
verier (or other peripheral device) will be interrupting pro-
gram execution of & microprocessof, there is obviously a
need for the CPU to determine which device requires servic-
ing. Figure 21 and the accompanying software is a method
of determining which of 7 ADCOB01 converters has com-
pleted a conversion (INTR asserted) and is requesting an
interrupt. This circuit allows starting the A/D converters in
any sequence, but will input and store valid data from the
converters with @ priority sequence of A/D 1 being read first,
A/D 2 second, etc., through A/D 7 which would have the
jowest priority for data being read. Only the converters
whose INT is asserted will be read.

The key to decoding circuitry is the DM74LS373, 8-bit D
type flip-flop. When the Z-80 acknowledges the interrupt,
the program is vectored to a data input Z-80 subroutine.
This subroutine wiil read a perigheral staws word from the
DM74L.8373 which contains the logic state of the INTR out-
puts of alf the converters. Each converter which initiates an
interrupt will place & logic "0" ina unique bit position in the
status word and the subroutinie will determine the identity of
the converter and execule a data read. An identifier word
{which indicates which A/D the data came from) is stored in
she next sequential memory location above the focation of
the data so the program can keep track of the identity of the
date entered.

u

START 2ERDING
SUSRDUTINE
ameswa |
OPEN SW2

INITIALIZE SRR
BT POINTER
RECS-X'BY

INFTIALIZE SAR
CODE IR REGC
REGC-XTF

oUTPUT FIRST
SAR LODE
FORTS=-Xx 38

START A/D AKD
READ DATA

~0R" REC BWITH

REG C TO CLEAR
BITIN PORT S

WHEN REAPPLIED

SHIFT 1" INREG S
RIGET TO POINT TO
REXT 0T

PREAMP IS ZERDED

AND PROPER INPUT

CONVERSIONS CAN
8E DONE

“EXCLUSIVE-OR™
RECBWITHAEC T
10 SET NEXT 8IT
INPORT S

TLIH/56T1-28
FIGURE 19. Flow Chart for Auto-Zero Routine
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3p02  D3E7 Out Contrel Port ; Program PP1
3D04 2601 MVIHOL Auto-Zero Subroutine
3p06 7C MOV'A,H
3p07 D3ES OUT C ; Close SW1 open SW2
3009 0680 MVI B 80 : Initialize SARbit pointer
3p0B  3E7F MIIATF s Initialize SAR code
3D0D  4F MOV C,A Retura
3DOE D3ES OUT B ; Port B= SAR code
2D10 31AA3D LYI SP3DAA Start ; Dimension stack pointer
3D13 D3E4 OUT A s Start A/D
3p15 FB iE
3D16 00 1. noP Loop : Loopuntil INT asserted
3D17 C3163D JMP Loop
IDIA TA MOV A,D Auto-Zero
3DLE €600 ADI 00
IplD CA2D3D JZSei C - R : Test A/D output data for zero
320 78 MOV A,B ) Shift B .
3D21  F600 ORI 00 ; Clear carry .
ip23  1F RAR :Shift *1® in'Bright one placé
3p24 FEOO CPI GO :IsBzero? Ifyes last
3D26 CA373D JZDons ; approximationhas been nade
3D29 47 YOV B,A
ID2A C3333D SMPNewC
DD 79 MOV A,C Set C
3D2E RO ORAB | ;Set bit inCthat is in same
3D2F 4F MOV C,A ;positionas 'l inB
3p30 (32030 JMPShiftB
3D33 A9 YRAC New C : Creerbit inCthat isin
3p34 C30D3D  J¥PReturn : seme positionas *1*inB
3n37 47 MOV B, A Done s:then output new SAR code.
3p3g8 17C ¥OV A,H ; Open SW1, close SK2then
339 EEO3 XRI 03 *; proceed with program. Preamp
3D3B D3E6 oUT C : 1s now zeroed.
3D3ID . Rormal

*

*

Progran for processing

properdata values
3Cc3D DEE4 INA Read A/D Subroutine ;Read A/D deta
3C3F  EEFF XRITF ; Invert data
3C41 57 MOVD,A
3¢42 78 MOV A.B ;IcBReg=0? 1f not siay
343 EGFF ANI FF s inauto zero subroutine
3045 C21A3D JNRZ Auto-Zero
3C48 €33D3D SMPNormal

Nole: All numerical values are hexadecima! representations.

FIGURE 2C. Scftware for ALuto-Teroed Diterertial A/D

T

50805QY/$08000V/£0800d

5.3 Muitiple A/D Converters in a 2-80¢ Interrupt Driven
Mode (Continued)

The folicwing notes apply:

V) Itis assumed tha! the CPU sutomatically performs & RST
7 instruction whan a valid interrupt is acknowledged (CPU
is in interrupt mede 1). Hence, the subroutine staning ad-
dress of X0038.

2) The address bus from the Z-80 and the data bus to the Z-
80 are assumed to be inverted by bus drivers.

3) A/D data and identifying words will be stored in sequen-
tial memory locations starting at the arbitrarily chosen ad-
dress X 3E00.

2) The siack pointer must be dimensioned in the rmain pro-
gram as the RST 7 instruction automatically pushes the
PC onto the stack and the subrouting uses an additional
6 stack addresses.

5) The peripherals of concern are mapped into 1/O space
with the following port assignments:

HEX PORT ADDRESS PERIPHERAL

00 MM74C274 e-bit flip-flop
C1 A/D Y

02 A/D2

03 A/D3

04 A/D 4

05 A/DS |

C6 A/DS

c7 A/D7

This port address also serves as the A/D icentitying watd in
the program.
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INTERRUPT SERVICING SUBROUTINE

LOC
0038
0039
003A
003B
003E
0040
0042
0044
0045
0048
0048
004B
004C
004D
O004E
0051
0052
0055
0037
0059
0054
0058
005C
005D
0060
0061
cos2
0063

OBJ CODE
ES

4]

F5

2100 3E
OE 01
n3oe

DBOO

47

e

FEO8

NEXT

LOAD

DONE

SOURCE

STATEMENT
PUSHHL
PUSH BC
PUSH AF
LD (HL) ,X3E00
LDC, X01
oUT Y00, &
IRA, X00
LDB,A
LDA,C
CP, X08
JFZ, DONE
LDA,B
RRA
LDB,A
JPC, LOAD
INCC
JP,TEST
IRA, (C)
XORFF
LD (HL) ,A
INCL
LD (EL) .C
INCL
JP,NEXT
POP AF
POP BC
POP HL
RET

FIGURE 21. Multiple A/Ds with Z-80 Type Microprocessor

COMMENT
; Save contents of all registers affected by
; this subroutine.
s Assumed INT mode Y earlierset.
s Initialize memory pointer vhere data will'be stored.
;s Cregisterwill be port ADDRof A/D converters,
; ond peripheral status word into 8-bit latch.
s Load status word into accumulator.
: Save the status word,
; Test toses if the statusof el A/D's have
: been checked. If s0, exit subroutine

;Test asingle bit instatusword by looking for
;8"1" tobe rotated into the CARRY (an INT
sisloaded asa*1®). If CARRY is set thenlcad
;contents of A/D at port ADDRinCregister.

; I2 CARRY 15 not set, iacrement Cregisterto polnt
stonext A/D, thentest next bit instatusword.

; Read deta from interrupting A/Dend invers

; the data.

; Store the data

;1 Stere A/Dicdentifier (A/Dport ADDR).

; Test next bit instatus word.

s Re-gstablishall registers as theyvere
;befere the interrupt.

;Returntooriginal progran

A
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k Nshonal
£ Semiconductor
s Corporation

DACO0808, DAC0807, DACO806 8-Bit /A Converters

Generzal Description

The DACOBOE series is an £-bit mesiolithic digital-to-znalog
converter (CAC) featuring & full scale outout current settling
vme o' 150 ns while aiesidanng only 33 mv/ with =5V sup-
plies. No reference current (IxeF) trimming is required for
mostapplications since the full szale outout current is typi-
cally 2 1 LS3 of 255 |z=¢/ 256. Relative eccuracies of bet-
ter then =0.18% assure E-bit monotonicity and finearity
while zero level outpu: current ot fess tnan & HA provides
3-bit zero accuracy for Izzr22 mA. The power supply cur-
rents ¢ the DACOEBOB serieg are independsnt of bit codes,
&ng exnibits essentially constant device characteristics over
e enlire supdly voltege rangs.

The DACOBOS will interface directly with papular TTL, DTL
or CMOS logic levels, and is a direst replacement for tne

MC1508/MC1408. For higher speed applications, see
DACU800C etz sheet.

Features

E Relative accuracy: =0.19% error maximum (DACOEDS)

& Full scale current match: =1 LSE typ

¥ 7 and €-bit accuracy availzble (DAT0807, DACO806)

& Fas! getting time: 150 ns typ

K Noninverling digital inputs are TTL and CMOS competi-
bie

¥ High speed multiplying input slew rate: & mA/ps

¥ Fower supply voltags range: 4.5V to = 18V

¥ Low power consumction: 32 mW € 5V

Block and Corinection Diagrams

e
4

Dusal-In-Line Pacrage

ta
PN B BV R TR VR T
__i ? ? ? %\ A? IT ? NE MOTE 31 J FL comeinsation
ot ; : '
:o:::Z(C"L LURRET Switcuts o Order Number ""T %"""'
ERERREN DACDB08, DACOBD7,  ‘n=H —vaeei)
. )
XIN14DDER I | sy ez }—oun or DAC0806 S pactist = vee
T See NS Package ..t Bihits LI
_— ‘ Kumber J16A, ot Ha
L'\ 23t Curkeet ; ) Ve M16A or N16A o e s
YaEp-; O—
it g 4R T
v 'TLIH/S68T -1 100 viiw TL/F/S6E7 -2
Smali-Outline Peckage
Vc:— 1 =4k (SB
Vg (4) 2 18427
N (-)-]3 14p-as
COMPERSLTIIN =] ¢ 1—a
L 1] 12p=ad
- et £ A
Vg7 15—a2
w8 ¥r-ay ush
TL/H/S6E7-13
Top View
Ordering Information
= el (] E >4 =] [
LCCURACY l OPERATING TEMPERATURE ORDER RUM.BERS
- | RANGE JPACKAGE (J16A)" N PACKAGE (N16A)" (SO PLCKAGE (W16L)
&-bit ~E5°C<Ta< +125°C DACOSOELY {MC1503L8 '
8-bit 0°C<Tag 4+ 75:C DACOB08LCJ | MC1408L 5 | DACOBIBLCN 14C140EP8 CACOBCELCIM
7-bit 0"C<TrS +75C DACOBO7LCJ [MC1408L7 DACOBOTLCNlMC‘n-‘oOSDT DACDEO7LCM
€-bit 0°C«<7;8+75C DACOS05LCU | MC1408LE DACOBOSLCN { MC1408P6 DACDEOSLCM

“hote. Devices may be ordered by using either order number,

S
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DACOBOB/DI\COBOUDI\COGDS

71t Military

Absolute Maxim

confact the National

um Ratings moe

/aerospace specified devices are required,

Distributors for avallabllity and specificztions.

power Supply Voltage
Vee

T

Storage Temperature Range ~65°Cto +150C

VEe
Dighal Input Voltage, V5-Vi2
Applied Output Voliage, Vo
Referenca Curlent, lys
Reference Amplifier Inputs, V14, V15
power Digsipation (Note 3)
ESD Susceptivility (Note 4)

Electrical»Characteristics

(Veg = 5V, Vee = ~ 15Vpc, VRep/R14 = 2 mA, DAC0B08: Ta =
= 0*Cto +75°C, and all digitz! inputs at high logic levet unless otherwise noted.)

—10Vpgto = 18Vpg
~11Vpglo +18Vpe

Operating Ratings

Semiconductor Sales Oftfice/ Lead Temp. (Soldering, 10 seconds)
Dual-in-Line Package (Pizstic) 260°C
, Duz!-In-Line Package (Ceramic) 300°C
+ 18 Vpe surlace Mount Package
-18Vpe vepor Fhase (60 seconds) 215°C
\nirzred (15 seconds) 220°C

5 mA
' Ve V Tempeiature Range Tain < Ta S Tmax
CC. VEE DACOE0BL —55°C £ Tao S +125°C
1000 mW DACOE0SLC Series 05T < +75C
78D

—8E:C to + 125:C, DACOE0EC, DAC0807C, DACOB0EC, T

Symbgl l Parameter Conditions ‘ Min ] TYp Max Units
E; Relative Accuracy (Error Relative (Figure 4) o
to Fuil Scale lo)
DAC0B08L (LM1508-8), 20.19 %
DAC0808LC (LM1408-8)
DAC0807LC (LW.1408-7), {Note 5) d +0.39 %
DACOBO6LE (LK:1408-€), (Note 5) +0.78 %
Settling Time 10 Wwithin 3z LSB Ta7 25°C (Note 6€), 150 ns
(Includes tpLr) (Figure 5)
{PLH. IPHL | Propagation Delay Time Ta = 25°C, (Figure 5) 30 100 ns
TClo Output Fuli Scale Current Drilt =20 ppm/*C :
MSB Digital Input Logic Levels (Figure 3} \
ViH High Level, Logic " ' 2 Voo
Vi Low Level, Logic "0 0.8 Voo
MSB Digital Input Current (Figure 3)
High Level Vin = 5V 0 0.040 mA
Low Level Vi = 0.8V L0.00S -0.8 mA
Iy Reference Input Bigs Current (Fioure 3) -1 l -3 pA
| Output Current Range (Figure 3)
Vgg = -5V 0 2.0 2.1 mA
VEg = —15V,Tp = 25°C o 20 4.2 mA
lo Output Current Vger = 2.000V,
‘ R14 = 10000,
(Figure 3) 1.9 1.89 2.1 mA
Output Current, All Bits Low (Figure 3) 0 4 pA
Output Voltage Compliance (Note 2) E, £ 0.19%, Ta= 25°C
Vee= — 5V IReF= 1mA —-0.55, +0.4 Vo
Vgg Below —10V —-50, +0.4 Vpe
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Electrical Characteristics {Continued)
(Ve = 5V, Vgg = —~15 Voc. VRer/R14 =

2mA, DACOBOB: Ty = —55°C 1o + 125°C, DAC0808C, DAC0807C, DAC0806C, Ty,

= 0°Cto +75°C, and all digita! inputs at high logic leve! uniess otherwise noted.) [

Symbol Parameter Conditions Min Tyo f Max Units
SRIRe= Reierence Current Slew Rate (Figure 6) 4 | ’ mA/us
Output Curent Power Supply =5V < Vez < ~ 185V 0.05 2.7 RAIV
Sensitivity
Power Supply Current (4l Bits (Fioure 3)
Low)
lec 2.3 22 mA
Ieg -43 -13 mA
Power Supply Voltage Range Tr = 25°C, (Figure 3)
Vee 4.5 5.0 55 Vpg
VEE ~4.5 -15 —16.5 Vpe
Power Dissipation
All Bits Low Voo = 5V, Vg = —5v 33 170 mw
Voo = 5V, Vge = —15v 106 305 mw
All Bits High Voe = 15V, Vg = —5v 80 mw
. Voo = 15V, VEg = ~15v 160 mw

Note 1; Abspiute Maximymn Ratings mdicate limns beyond which damage
the device beyond its specified ooerating condiuons,

Note 2: Range control iy not required.

1o the device may occur. DC ang AC electneai spectiications oo noy apply when opereting

Note 3: The maximum power dissipetion must be derated a1 eleveted temperatures and is dictated by T juux, 6 Ja, 80d the prmbient temperature, T, The maximum

showable power dissi

on 8t any

p is Pp = (Tomax - Ta)/64 or the number given in the Absolute Maixmum Retings, whichever iz, lower. For tnis

oevice, Ty = 125°C, and the fypical junction-1o-ambient thermal resistance of the dual-in-line J package when the boarg mounted is 100°C/W:. For the dual-in-

hne N package, this number increases to 175°C/W and for the small out
Note &: Human body modal, 100 pF discharged throuph a 1.5 kf) resist,
Note E: Al current switches are tested 10 guarantee at least 50% of rat
Note &: Al bits switched.

ting M package this number is 100°C/w,
or.
ed current. K

Note 7: Pin-out numbers for the DALOBOX represent the dual-In-ting package. The small outiine package pinout difiers from the dualvin-iine package.

Typical Application

Veg W
173
5 " (1'% 1
MID a1 Ot MOV - A ge
AZO—L - 3
7 1 o { -
oiGITAL L 0—' bACoAs =
WPUTS A O
ol e —
' & o] N
15t a1 o2 iO]— oot
%’ BiLr 5
Al A2 AB
. | Vo= 10v (?+T+-25—6)
Yy -1y
“ TL/H/5687 -3

FIGURE 1. + 10V Output

Digital to Analog Converter (Note7) _
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DACO0808/DAC0807/DACO0B06

Typical Performance Characteristics
Ve = 5V, Vgg = —15V, T = 25°C, unless otherwise noted

TNGIC INFUT CURNENT (A}

I

‘g - UTFUT CUNRINT {mA)

POWEN SUPPLY CUNNENT (mA)

]
-1

Logic Input Current vs
Input Voltage
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g |
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Vi - LOGICINPUT VOLYAGE {Vi

Output Current vs Output
Voltage (Output Voltage
Compliance)
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Typlcal Power Supply
Current vs Vgg
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e e wemae
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Bit Transfer Characteristics
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Unless cotherwise specified: R14 =
R15 = 1k}, C = 15 pF, pin 16 10
Veg: BL = 500, pin 4 to-ground.
Curve A: large Signal Bandwidih
Wethod of Figure 7, Vggr = 2 Vp-p
offset 1V above ground.

Curve B: Small Signal Bandwidth
Method of Figure 7, R = 2500, VRef
= 50 mVp-p offset 200 mV above
ground.

Curve C: Large znd Smali Signa!
Bandwidth Method of Figure 9 (no op
amp, Ry = 500), Rg = 500, VRer =
2V, Vg = 100 mVp-p centered at OV.




i

I

i

i
o
if 4

DAC0808/DAC0807/DAC0O806

(2 210N} $3[195 8000V UL 4O HNMID uaeanby -7 3UNOIY

y-1095/ML
o

WU

SO w0

e,
:0 A

{40 s,
)

—AAA

—
109, _

) EES

14
("] O
” (3] G W
L]

1]
(11}

4.18




/
.
o, TestCircuits
[&] \ vie .
g l' . V| and Iy apply to inputs A1-£8.
133
by ’ X . I The resistor tied to pin 15 is 10 {emperature compensate the
's . o ! I bias current and may not be necessary for all applicationg
2 i o e A1 P4 AS RE AT AE
o 20— .— Ig=Kl=—4 —+"— + — + — e
b4 #30— A 2 16 32 64 128 256
o DAL} KO- puenn ‘—‘3—% Ve
= L0 R oT Simaly . = . where K = REF
8 ::07 Dtonwl R14
8 ol n 3 and Ay = 1" if Ay is at high level
(&) hg— - An = "0 it Ay is at low level -
-4 \ ¢ =
= i [N
L
- i TLIR/SEET-6
FIGURE 3. Notation Definitions Test Circuit (Note 7)
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FIGURE 4, Relative Accuracy Test Circult (Note 7)
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Test Circuits (continued)
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Vig
TL/HI56ET-10
FIGURE 7. Fositive Vger (Note 7)

TL/H/5687-9
FIGURE 6. Reference Current Siew Rate Measurement (Note 7)

Vee
R1¢ & R15
13
5 1%
A1 O—td
5 ]
A20= - 2:5 =
‘uo—l' Vaeg I
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g] ovacosos |, .
A5 O —oj-
1)
R Ol
11 I = h Tt
A? O—dt
12 \7 %
1Y
Ry
3 ¢
STE TEXT FOR VALULS OF C
Vee

TL/H/5687-11
FIGURE &. Negative Vger (Note 7)

Application Hints

REFERENCE AMPLIFIER DRIVE AND COMPENSATION

The reference amplifier provides & voliee a pin 14 for con-
verting the reference voltage 1o 2 current, and € turn-around
circuit or current mirror for feeding the ladder. The reference
emplifer input currrent, l1¢, must elways flow into pin 14,
'epardless of the set-up method of reference vollage polarity.
Cennections 1or 2 pesitive voltzge are shown in Figure 7.
The reference voliege scurce supplies the full cunent lia.
For bipolar reterence signals, as in the multiplying mode,

Vs
Rs
Ri4
VREF
= J'u
15 1%
5
21 O— X0 e
22 [ When Vg = 0, 114 = 2.0 mA
7
:.JOT
£8O— opucosor |13 VREF _ Vg
Aso‘i stags [~ OVee Vo e Re (’* Ro
LE o—n-
"
41 0—
12 3
L] —O Ve
Ro
1 Te AAA-

2

P [RrTe.

T 56E7-12
FIGURE 8. Programmable Galn Amplifier or
Digital Attenuaior Clreult (Note 7)

R15 can be tied 1o a negative voltage corresponging 1o the
minimam input level. It is possible to eliminate F15 vith only
& small sacrifice in accuracy and temperature drift.

The compensztion capacitor value must be increzsed with
increases in R14 to maintain proper phase margin; for R14
velues of 1, 2.5 and 5 kf1, minimum capacitor values are 15,
37 and 75 pF. The czpacitor may be tied to either Vg or
oround, but using Vgg increases negative supply rejection.

|

90800vQ/208023VA/80800VQ
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DAC0808/DAC0807/DACO806

Application Hints (continueq)

A negative reference voltage may be used if R14 is ground-
ed and the reference voliage is applied to R15 as shown in
Figure 8. A high input impedance is the main advantage of
this method. Compensation involves a capacitor to Veg on
pin 16, using the values of the previous paragraph. The neg-
alive reference voltage must be at least 4V abnve the Ve
supply Binolar input signais may be handled by connecting
F14 10 & positive reference voliage equal 10 the peak posi-
tive input leve' gt pin 15,

When a DC reference voltage is used. capacitive bypass 1o
ground is recommended. The 5V logic supply is pot recoms.
mended as s reference voltage. If a well requlated 5V sup-
ply which drives logic is to be used as the relsrence, A8
should be decoupled by connecting it to 5V through another
resistor and bypassing the junction of the 2 resistors with
0.1 uF to ground. For reference voltages greater than 5V, a
clemp diode is recommended between pin 14 and ground.

I pin -4 is driven by a high impedance such as a transistor
current source, none of the above compensation methods
appiy and the amplifier must be heavily compensated, de-
creasing the overall bandwidth.

GUTPUT VOLTAGE RANGE
The voltage on pin 4 is resiricted 10 a range of —0.55 to
0.4V.when Vgg = -5V due to the current switching meth-

ods Employed in the DAC0O808.

The negative output voltage compliance of the DAC0808 is
extended to — 5V where the negative supply voltage is more
negative than — 10V. Using a full-scale current of 1.992 mA
and load resistor of 2.5 kNt between pin 4 and ground will
yield a voliage output of 256 levels between 0 and
~4.980V. Floating pin 1 does not aifect the converter
speed ot power digsipation. However, the value of the load
resistor determines the switching time due 10 increased volt-
age swing. Values of Ry up ‘o 50090 do not significantly
atfect pedoilmance, bul & 2.5 k() load increases worst-case
settling time 10 1.2 ps (when all bits are switched ON). Refer
1o the subseguent text section on Settling Time for more
details on output loading.

OUTPUT CURRENT RANGE

L
The output current maximum rating of 4.2 ma may be used

only for negalive supply voliages more negative then — BV,
due to the increased voltage drop across the racistors in the

end

relerence current emplifier,
ACCURACY

Absolute accuracy is the measure of each output current
ievel with respect to its intended value, and is dependent
upon felative accuracy and full-scale current drift. Relative
accuracy is the measure of each oulptt current level as a
fraction of the {ull-scale current. The refative accurasy of the
DACOE08 is es_senﬁally constant with temperziure due to

the excelient temperature tracking of the monolithic resistor
ladder. The reference current may dritt with temperature,
causing a change in the absolule accuracy of output cur- |
rent. However, the DAC0808 has & very low full-scale cur.
rent drift with temperature.
The DACOBOS series is guaranteed accuraie to within 1
LEB at a full-scale output current of 1.282 mA. This corre.
sponds 10 a reference amplifier outout current drive 10 the
lzzider network.of 2 mA, with the loss ©f 1 LSS (€ pA) which
is the ladder remainder shurited to ground. The input current
~1onpin, 14 has a guaranteed value of between 1.9 and 2.1
mA, Bliowing some mismatch in the NPN current source
“pair. The accuracy test circuit is shown in Figure 4. The 12-
bil converter is calibrated for a full-scale output current of
1.£22 mA. This is an optional step since the DACOB08 accu-
racy is essentially the sams between 1.5 and 2.5 mA. Then
the DACOBO8 circuits’ full-scale current is tnimmed 1o the
same velue with R14 so that & zero velue sppears at the
error amplifier outpul. The counter is activated and the error
band may be displayed on an oscilloscope, detected by
comperators, or stored in a peak detector.

Two 8-bit C-10-A converters may not be used ‘o construct a
18-bit accuracy D-1o-A converter, 16-bit accuracy impfies a
total ernor of %14 of one part in 65,535 or +0.00076%,
which is much more accurate than the 2 0.018% specifica-
tion provided by the DAC0808.

MULTIPLYING ACCURACY

The DACOB08 may be used in the multiplying mode with
B-bit accuracy when the reference current is varied over &
range of 256:1. if the reference curren! in the multiplying
mode ranges from 16 pA 10 4 mA, the additicnal error con-
tributions are less than 1.6 pA. This is well within 6-bit accu-
racy when referred to full-scale.

A monotonic converter is one which supplies an increase in
current for each increment in the binary word. Typicatly, the
DACO0808 is monotonic for all values of relerence current
above C.5 mA. The recommended range for operation with
2 DC reference current is 0.5 to 4 mA.

SETTLING TIME

The worst-case switching condition occursiwhen all bits are
swilched ON, which corresponds to a low-to-high transition
for all bits. This time is typically 150 ns for settiing to within
+14 LSB, for 8-bit accuracy, and 100 ns 1o ¥4, LSB for 7 and
6-bit accuracy. The turn OFF is typically under 100 ns.
These times apply when R < 5000 and Cg s 25 pF.

Extra care must be taken in board lavout since this is usually
the dominant factor in satistaclory test resulls when mea-
suring settling time. Short leads, 100 pF supply bypassing
for low {requencies, and minimum scope lead length are all
mandatory.
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TIL TYPES SN54164, SN541164, SN54LS164, SN74164, SN741164, SN741S%4
8-BIT PARALLEL-OUT SERIAL SHIFT REGISTEss

MSI

o+ gl e

e Gated (Enable/Disable) Serial Inputs
e Fully Buffered Clock and Serial Inputs

BULLETIN NO, DL.£ 7£7 7235, MARCH 1574 - REVISED OCTOBE + g v
—

2

¥

SN5L154 SNS4LSI64 . J OR WPACKAGE -

¢ Asynchronous Cléar

TYPICAL
TYPICAL
TYPE MAXIMUM .
POWER DISQKATION

CLOCK FREQUENCY b -~
‘164 36 MH2 21 mW per byt
Ligs 18 MMz 11 mW per bit
et 36 MHz 10 mW per bt

description

Thes: B-bit shift registers feature gated serial inputs
and z- asynchronous clear. The gated serial inputs (A
anc T permit complete control over incoming data as
a lov, 2t either (or both) input(s) inhibits entry of the
nev. ¢z:a and resets the first flip-flop to the low level
31 1ne next clock pulse. A high-level input enables the
othe input which will then determine the state of the

SN54L 154 SN74L164 ... J, N, OR T PACKAGE

SN74354 SN74LS164 .. J OR N PACKAGE

(TOP VIEW)
QuTPL Tt j
e [ < er LEAKCLOCK
w_n Julfw wifelle]
| ™ ’
1 0 : 1] .
“ G C e cikar| o I
. h
W= cnd— il
G & L 9 ||
T T l
1 Il
K
pos—va logic: see funct on table »

first Hip-flop. Data at the serial inputs may be changed while the clock is h-z 27 low, but only infdrmation meetirg =

setup requirements will be entered. Clocking occurs on the low-to-high-ie.e =z

diode<lamped to minimize transmission-line effects.

~zrsition of the clock input. All inpu: wre

Serie: 54, 541, and 54LS devices are characterized for operation over the “. military tempzrature range of —55°< 10
125°C; Series 74, 74L, and 74LS devices are characterized for operation + 2= 2°C 1o 70°C.
! -
FUNCTION TABLE x
INPUTS OUTPUTS -
CLEAR |CLOCK | A B Qa Qg ... Q4 H = high leve! (s1€a0y state), L = -~ :evel (steady sate)
L X X X L L L X = irreievant {sny input, 1ncius —; Fensitions) .
: 1 = ransition from fow t0 hig™ .
H
% % 2 QAD OBO QHO Qa0. Q0. QKO ".me jevel o* T 5. or Qn. respectivety, before the ingicerw:
—H ! H H H Qan QGn steacy-state zoagitions were established.
H 1 L X L Qan QgGn Qan. Qgn = the levet of Qa T oefore the mostrecent 1 transition o ma
M . X L L Qan QGn clock, indicates » ==t shitt.
schematics of inputs and outputs
‘164, °L164 ‘LS164
EQUIVALENT OF EACH INPUT| TYPICAL OF ALL OUTPUTS EQUIVALENT OF EACH INPUT | TYPICAL OF ALL OUTPUTS
Vee -- - Vee Veer— ¢t~ | == ———% vee
R = M
Reg é fac 120 2 NOM §
INPUT . - wPuT——-—_ﬂ—l—._-- -
. . OUTFUY
QUTPUT 1;. !
— . b 4
e
‘164 Rec = A KSINOM " ~
‘L164 Rexs B kI NOM
“164. R = 200 2 NOM Ciear, clock: 17 &7 NOM
‘L1684 R = 400 £ NOM Serial In: 25 a11 \OM
2.208 TEXAS INSTRUMENTS
INCORPORATED
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TYPES SN54164, SN54L164, SN541S164, S
8-BIT PARALLEL-OU

N74164, SN74L164, SN74LS164
T SERIAL SHIFT REGISTERS

REVISED OCTOBER 1976

typical clear, shift, angd clear sequences

L

e ] [ I\ Y
1
11 T
4777 ~A1 el
L
| ' |
CLEAR CLEAR

functiona!l block diagram

s >

[

CLEAR

CLOCK

s ©a s Og s ac s ap s

SERIAL J & o CLEAR CLEAR CLEAR CLEAR CLEAR cLEAR CLEAR CLEAR
INPUTS gl R Oa R QOp R Qc R Qp R O R Of " Qg R Ou
Lob cx b cx b Ck L cx b CK e | Habex bex

ag s Of s Qg $ O

(1] (L1) 15} (3] 1101 111 12) (kY
ouTPUT ouTPUT OUTPUT: ouTPUT oureut ouTrUT ouTPUT ouTrPuT
oa Op o¢ Gp of o ag Oy
- s
-
TEXAS INSTRUMENTS 7.20
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TYPES SN54164, SN74164
8-BIT PARALLEL-OUT SERIAL SHIFT REGISTERS

absolute maximum ratings over operating free-air temperature rangs ‘unless othere s noted)

Supp'y voltzge, Ve (see Note 1}
Input voltage

Operating free-air temperature range: SN54164 . . . e . -55°C 10 125°C .
SN74164 . . . . . . . . - - . 0°Cw°
Storage temperature range e L7 -657C 1o 150°C
NOTE 1 Voliage values are with respect to network ground terminal,
recommended operating conditions W
| SN5£164 SN74164
T UNIT
NG NOM Mix MmN NOM  MAX
! Supply voltage, Vee R $7:2 5 g23] v
High-level output current, oy , N —400| pA
Low-level output current, iy ' 3 8| mA
Clock {requency, fetock | o £ 0 25| MH2
Width of clock or clear input puise, 1w [—=% 20 ns
Data setup ume, gy (see Figure 1} £ 15 ns
Daiz hold time, i (see Figure 1) ! S A B4 ns
Operating free-air temperature, T o {-23 AP ) 70| °c
electrical characteristits over recommended operating free-air temperature range {unless otherwise noted)
PARAMETER TEST CONDITIONS? s : SN74164 —cf i
A WIN TYPE MAX 'MIN TYP: fMAX
ViH High-level input voltage 2 2 v
ViL  Lowlevel input voltage Cz 05( V
ViK__Input clamp voltage Vec=MIN, iy= 12ma | ] -1.5] V
- Vee=MIN, Vi = 2Zv,
\ Highelevet output voltage 22 432 2432 v
OH P vtey 9 ViL=0s8v, IOH = —400 uA 4
Vee=MIN, V| =2 v, !
VoL Low-level output voltage cc L’ 0.2 G 0.2 04t v
Vi =08V, 1oL =8mA
i {nput current at maximum input voliage Vee = MAX, Vi~ 55y, 1] X 1| mA
YK High-level input current Vee = MAX, V=24V Lo 1 40 | uA
I __Low-level input current “ 1 Vec=MAX, vi=o4v -3£ =16 | mA
los  Shoncircuit output current § N Vee = MAX =" -27.8: -9 —27.5] mA
Vee = MAX, TV =04V 30 30
lcC  Supply current cc Helock) | mA
See Note 2 J Viiclock] = 2.4 V 37 5] 37 8

For conditions shown at M|N or MAX, use the appropriate value specitied under recomme-oec operating conz nons,
1an Typical values are ay Vee=5v, Ta= 25°¢C.
Not more than TWO outputs should be shorted at a rime.
NOTE'2: Ioe is messured with outputs open, serial inputs 9 , snd & Y prowvec, theri 4.5 V, asolec 10 clear,

s

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

PARAMETER TEST CONDITIONS [MIN TYP MAX JUNIT A

fmax Maximum clock frequency . CL=15pF } 25 36 MH2 ‘é‘%
- Propagation defay time, high-to-low-level | SL=15pF ] 24 36 s :_g;;:’%
Q outputs from clear input RL~8000, . L =50pF 28 42 %%{_

wLH Propagation delay time, low-to-high-level See Figure 1 Cy = 15pF 8 17 27 ne ‘;Ef
Q outputs from clock input Iy = 50pF 10 20 30 Ny
Propagation delay time, high-to-low-level | .;‘:L = 15pF o Pl 32 ns %;‘f%

PHL O outputs from the elock input J C =50 pF l 10 25 37 wii

7-208
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TYPES SN54L164, SN741164
8-BIT PARALLEL-OUT SERIAL SHIFT REGISTERS

absolute maximum ratings over operating free-air temperature range {uniess otherwise noted)

Supply voliage, VC( (see Note 1} 7V
Input voltage . 55V
Operating free-air 1emperature range: SN54L164 ~55°C 10 125°C
SN74L164 . 0°Crwo70°C
Storage temperature range —~65°C 10 150°C
NOTE 1 Voliage vaiues are v.th respect 1o network ground terminal,
recommended operating conditions
SNEL 154 SN74L164
UNIT
. MIN ROV MAX [|MIN  NOM MAX
Supply voltage, Vei 45z G 5.5 |4.7% 5 525 V
High-level outpui current, 104 -200 —-200| pA
Low-level cutput current, IO a4 41 mA
Clock trequency. felock % 0 12 0 12| MHz :
Widih of clock or clear mput puise, tyy 40 40 ns
Deta setup time, 1g, (se¢ Fioure 1) 30 30 ns
Data hold time, tp, (see Figure 1) 10 10 ns
Operating free-air temperature, Ta -52 125 o] 70| °C

electrical characteristics over recommended opera

ting free-air temperature range (unless otherwise noted)

! SWELL164 SN74L164
’ PARAMETER TEST CONDITIONS? - — UNIT
MIN TYFI MAX |[MIN /YPS MAX
V|4 High-teve! input voltage 2 2 A\
Vi Low-level input vo'tage 0.8 08| Vv
Vik Input clamp voltage Vee=MIN, = -12 mA -1.5 -15] Vv
. Vee=MIN, Vig=2V,
Vow High-level output voliage cc M 24 32 24 32 v
¢ Vi =08V, Igy=—2004A, Vi
Vee=MIN, Vip=2V,
Vop Lowlevel output voitage e 1H jagie 0.4 0.2 04} Vv
Vi =08V, loL=4 mA
I Input current 81 maximum input voltage vee = MAX, V= 55V 1 1} mA
Iiq  High-leve! input current Vee = MAX, V=24 v 20 20| wA
i, Lowleve! input current Ve = MAX, V=04V -0.8 —-0.8| mA
lgg  Shon-circuit putput current§ ~ Ve = MAX -5 20| 4 -0 ma
icc  Suppty current Vce = MAX, SeeNote 3 i 27 19 27| mA

1#or conditions shown 8t MIN or MAX, use

1Al typical values sre st Ve =5V, Ta ™ 25°C
Not more than Two outputs should be shorted 21

NOTE 2:

s fime,

claar,

switching characteristics, VcCc =5V, TA= '25°C

legis messured with outputs open, serial inputs grounded, the clock input a1 2.4 V, an¢

1h¢ appropriate value saeclhod under recommendec OIIT NG conditions.

3 —omentary ground, then 4,5 V, applied

to

. PARAMETER TEST CONDITIONS MIN  TYP MAX |UNIT
{max Maximum clock frequency Cp = 3%0F 12 18 MH2
Propagation detay time, high-to-low-level Cp = :3pF 48 72
ns
tPHL Q ovtputs from clear input R 800 1 Cp == aF 56 84
Propagation delay time, fow-10-high-level L ' CL= EpF 8 34 54
tPLH . See Figure 1 ns
Q outputs from clock input Cp =X ofF 10 20 60
. Propagation delay time, high-1o-low-level CL="3pF 10 42 64
PHL Q outputs from the clock input CL=XpF 10 50 74 n
'
- TEXAS INSTRUMENTS 7-208
INCORPORA
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YPES SN54164, SN54L164, SN541S164, SN74164, SN74L164, SN74LS164
8-BIT PARALLEL-OUT SERIAL SHIFT REGISTERS

PARAMETER MEASUREMENT INFORMATION
aaND B
v ouTPUT
PULSE cc
GENERATOR; .
$ =
A Qa : ot
8 ag —o0
Q¢ b—o0
cLOCK . op
PULSE CLOCK o¢ __g
GENERATOR ] - Of —0 (See Note C}
a0
ap fm—>F c
L
CLEAR I {See Note B}
CLEAR J__— = =
PULSE
GENERATOR
TEST CIRCUIT

fo—— 1, (clear) —-;
| 1 . [ 3v

3

CLEAR
PULSE
GENERATOR
{PRR « 1 MH2)

CLOCK
PULSE
GENERATOR

PRR « 1 MHZz}

SERJAL INPUTS
A AND B PULSE
GENERATOR
PAR « MHz}

— I"— PHL
| t5ee Note £) $§ —|——= Vo

0, OUTPUT ! ! |
(See Note D} Vit Vit Vet

VOLTAGE WAVEFORMS

NOTES A. The pulse genergtors have the following characteristics: duty cvclas € 50%, Z5,¢ = 50 0; for 164 and 'L164, 1, < 10 ns,
14 < 10 ns, and for ‘L5164, < ¥5ns, 1y K6 ns. "~

.+ € includes probe and jig capacitance.

. All diodes s*e 1N3064 or INS16.

nmgOoo

. Outputs are sat 10 the high feve! prior 1o the measurement of tpyy from the clear ihput.
. FOr 164 ang 'L164, Vgy = 1.5 V; 10r ‘L5164, V ¢ = 1.3 V.,

FIGURE 1-SWITCHING TIMES

. Qp output is itlustrated, Reiationship of serial input A snd B desta to other Q outpuTs is illustrated in the typical shift sequence.

TeExas lNSTRUgM ENTS
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TYPES SN541S164, SN741S164
8-BIT PARALLEL-OUT SERIAL SHIFT REGISTERS

REVISED OCTO2ER 1576

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)
i
Supply vo'lagé‘, Ve lsee Note 1)
Input voltagz ..

Operzting f-ec-air temperature range: SN54LS164 L. L ... -=55Cto125% 4%
SNZ4LSIBA . . ... ... ... ... oContc &
Storage temperature range . . . e e -65"C 10 150°C E
NOTE 1: Voltage vaiues are with respect 10 network ground terminal. . ' g
) b4
recommended operating conditions E2
e B
SN54LS164 SN74L5164 Z
MIN  NOM MAX | MIN NOM MAX uNiT
Supp'y voitage, Vee 45 5 55| 4.7% 5 525 Vv
High-level outout current, tOH —400 —400] uA
Low-level output current, g o 4 8| mA
Clock frequency, ‘¢ oei 0 25 0 25| MHz
Width of clock or clear input pulse, 1,,, 20° . 20 ns
Data setup time, gy (see Figure 1} 15 15 ns
Data hold time, 1, {see Figure 1} f 5, 5 ns
Operating free-air temperature, T 4 -55 125 0 70} °C

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

SN54LS164 SN74LS164
PARAMETER TEST CONDITIONST UNIT
MIN TYP! MAX | MIN TYP1 MAX
Vig  High-leves input Voliage 2 2 v
ViL  LowTevel input voltage c.7 0.8}, v
ViKk Input clamo vottage Vee = MIN, Iy =—18 mA —-1.5 —1.5( Vv
Vee = MIN, Vig=2v, 4
VOH  High-level otput voltsge i8 1) 25 35 <27 35 v
Vi = Vi max, ioH = —400 uA
Vee = MIN, Vig=2V, i =4 mA 0.25 0.4 0.25 0.4
VoL  Low-leve! output voltage 1 H O v
Vi = Vi max oL =8mA ¢ 0.35 0.5
Input current st .
I i Veg=MAX, v =7V 5 0.1 0.1 mA
maximum input voltage
LTS} High-level input current Vee = MAX, V=27V 20 20| uA
[N Low-ievel inpyt current Vee = MAX, V=04V ~0.4 —0.4[ mA
I0g  Shoriircuit output current§ Vee = MAX ~20 ~100| -20 ~100{ mA
fcc  Supply current Ve = MAX, See Note 3 16 27 16 27| amA

TFor conditions shown 25 MIN or MAX, use the appropriate value specified under recommended operating conditions,

11 typical values are at Vee =5V, Ta »25°C,

SNot more than ore output should be shorted at a time, and duration of the shart-circuit shoule not exceed one second.

NOTL 3 Ige s messured with outputs open, serial inputs grounded, the clock input 81 2.4 V, and 2 momentary ground, then 4.5 V applied

10 clear,
switching characteristics, Veg =5 V, T = 25°C
PARAMETER TEST CONDITIONS MIN  TYP MAX jUNIT
fmax Maximum clock frequency 25 36 MHz
PHL Propagation delay time, high-to-low-level Q outputs from clear input | Cp = 15 pF, FiL =2 kQ, 24 36 ns
P4 Propagation delay time, low-10-high-leve! Q outputs from clock input | See Figure 1 17 27 ns
tpHy,  Propagation defay time, high-to-fow-level Q outputs from clock input 21 32 ns

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 3012 « DALLAS. TEXAS 73322



TTL
MSI

s |

TYPES SNb4165, SN54LS165, SN74165, SN74LS1g5

PARALLEL-LOAD 8-BIT SHIFT REGlSTERS

EL_LETIN NO.DL.S 7611375 DEER 1974

Complementary Outputs
Direct Overriding Load {Data) Inputs
Gated Clock Inputs

Parallel-to-Serial Data Conversion

TYPICAL MAXIMUM TYPICA&

TYPE CLOCK FREQUENCY POWER DISSIPATION

165 26 MHz 210 mw

'LS165 35 MHz 105 mw
description

The 165 and ’LS165 are 8-bit serial shift registers
that shift the data in the direction of Qa toward
QH when clocked. Parallel-in access to each stage is
made available by eight individual direct data inputs
that are enabled by a low level at the shift/load
input. These registers also feature gated clock inputs
and complementary outputs from the eighth bit. All
inputs are diode-clamped to minimize
transmission-line effects, thereby simplifying system
design.-

———

SNS& 165, SNS4LS165
SN7416%, SN74L5165 .

..JORWPACKAGE
JOR N PACKAGE

{TOP VIEW:
PRARLLEL LTS s ouT
.= T & 4 weul

PLRALLEL INC."§

pos—ive logic: see description

Clocking is accomplished through a 2-input positive-NOR gate, permitting one input 1o be used as & clock-inhibit
function. Holding either of the clock inputs high inhibits clocking and ho'ding either clock input low with the
shift/ioad input high enables the other clock input. The clock-inhibit input should be changed to the high level only
while the clock input is high. Parallel loading is inhibited as long as the shiftioad input is high. Data at the parallel

inputs are loaded directly into the register on a high-to-low transition of the shi“:oad i input independently of the levels

#*
%
3
kS
-

NCORPORAT
POST OFFICE BOX 3012 + DALLAS. TEXAS 73222

of the ¢lock, clock inhibit, or serial inputs.
I FUNCTION TABLE
INPUTS INTERNAL OUTPUT
SHIFT/ [ CLOCK | -~ PARALLEL| OUTPUTS
Loap |iNniBiT CLOCK | SERIAL " Qy {
N} A... Qa  0Op i
L X X X a...h a b h
H L L X X Qa0 Os2 | Qo
K L t H X H Qx| Qga
H L. 1 L X L Oa-| Qgn
H H X X X Qa0 Qsn QHo
See explanation of function tables on page 3-8.
schematic of inputs and output :
165 . L5165
[EQUIVALENT OF EACH INPUT TYPICAL OF BOTH OUTPUTY EQUIVALENT OF EACH INPUT{TYPICAL OF BOTH OUTPUTS
vee - . vVee
vee .- - Vee \2DnNOM;
S 06 0 B
Pea NOM |N7UT—J.I~_. B
1
T
INPUT -- o - b OUTARUT
ouTrUT - -
- Ciock, clock 1ambrt. Rgc » 17 &2 NOM ﬁ
s R Parstiel inquts,
itt/1000: Aug = 3 k51 NOM et s <-4
Otr nouns. Agg = 6402 NOM sm:u'::e‘ :: . -" -f:\:%:« ,l
1212 TEXAS INSTRUMENTS :




TYPES SN54165, SN54LS165, SN74165, SN74LS165
PARALLEL-LOAD 8-BIT SHIFT REGISTERS

functional block diagram rasattes
. wruts
/ & L3 14 o £ 5 L) L \
| 2 N |ne & !-4 lm ®
1
o
. . !
PRESLT PRISELY PRESET PRESET = iak PRESET PbhES(Y
" ouTPUY
s Oa s | s o] H oy s ©g s o o
b cx box bcn e o b ex e
2 a 5 Z = N 7.
N Lo r o Bo 5 oo LIEE-3 - bl
- e = Bn
(44X Cotar CLERR CLEAR CLEAR CLEAR
é

LSy ¥ il a W g i gl Ea i N R
CLotx \
< =M
" i

2,.0CK BT

BERIAL INPLT

)
T
- $~F1L040 !
S g : 1
'
]
T
e tu \ .
T
' i
c ' L
I 1
-3 [ !
A v
mv.ﬁ h ' L4
P In " 1
¥ ! 1 :
H f
! 1
o g1 :
P
' R : 0
- .
i L . l. “ I i
1! ]
OUTPUY O l ; - " s " s - s M
- - I
ouTruT & I [ t " N " N - .

I}

F—— sty _.{.__-—-—-—— SERIAL SHIFT e

LoAD

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)

Supply voltage, Vg (see Note 1) . . o o o o . o o e e e e e e e e 7V
Input voltage: SNBA165, SN74165 . . . . . . . . . . .o e e e e s e s e 55V

SNB4LSI65, SN7ALSIBE . . . . . . . e e e e e e 7V
Interemitter voltage {see NOte 2) . . . .« . . . . . e e e e e e s 55V
Operating free-air temperature range: SN54165, SN54 LS165 . . . & o« e o e e e e e e -55°C 10 125°C
SN74165.SN74LS165 . . . .". o . . . . . . . . 0Cw70°C

Storage temperature range . —65°C 10 150°C

NOTES: 1. Volwmgpe values, excepdt interemitter voltage, sre with respect 1o network pround terminsl,
2. This it the voltage between Two smitters of a multiple-emitter transistor, This rating gpplies tor the *465 10 the shift/load Inputn

comjunction with the clock-inhibit inputs.

TEXAs'l STRUMENTS 7.213
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TYPES SN54165, SN74165

PARALLEL-LOAD 8-BIT SHIFT REGISTERS

recommended operating conditions

1 SN54165 SN72165

WVin NOM MAX | MIN NOM MAX UNIT
Supply voltage. Vo [ 5 55 {475 5 525 v
Hugh:leve! output current, 0K -800 —-800 | wA
Low-ievel output current, I 16 16 | mA
Clock frequency. feigck < 20 0 20 | MR; |
Width of clock input pulse, twiclock) . o g 25 ns
Width of 10ad 1nput pulse, tyligad) 1t 15 ns
Clock-enable se1up ime, Ly, (see Figure H K 3¢ ns
Parallel input setup ume, tg, tsee Figure 1) e 10 ns
Senal INput setup time, g, (see Figure 2) 2% 20 s
Srift setup 1ime, i, {see Figure 2} 43 45 ns
Hold tsme at a7y input, 1h z 0 ns
Operating tree-air temperature, T -5z 125 ] 70 °c

Ty v

electrical characteristics over recommended operating free-air temperature range {unless otherwise noted}
e

SN54165 SN74185
PARAMETER TEST CONDITIONS? UNIT
WM.\ TYPT MAX{MIN TYPI MAX
Vi High-level input voltage < 2 v
Vig Low-level input voltage .8 08| V
& | vik  input clamp voltage Ve = MIN, = ~12mA -15 -151 V
P T Vee = MIN, Vig=2V.
Vou HnghdeveToutput voltage cc IH e+ 34 24 34 v
ViL=08YV, IgH=~B00uA
v Low-level output volt ot - NNl 0 02 04} V
ow-level output volitage . 4 5 .
oL el Vig =08V, lop =16mA 0.2
b {nput current al maximum input voltage Ve = MAX, V=55V 1 1] mA
Shift/load 80 80
1|4 High-leve! input current Vee = MAX, V=24V #A
Other inputs 40 a0
o Shitt/ioad 7 -32 -32
' TR L ow-leve! input current - Voo s MAX, V= 04V mA
Other inputs . -1.6 -1.6
ios  Shori-Citcurt Qutput currenty Vee = MAX i- -55 [ 18 -551 mA
lcc  Supply current Vee = MAX, See Note3 : 42 63 42 63] mA

NOTE 3: With the outputs open, ciock inhibit and clock at 4.5 V, anc a clock puise appliec 1T

with the parallel inpuls at 4,5 V, then with the paraliel inputs grounded.
TFor conditions shown as MIN or MA X,\use the appropriate value specifiec under recommenoec 2oersting conditions.

tan typical values are st Ve =5V, Ta = 25°¢C.

§Not more than one output should be shorted at s time.

e shift/toad

input, tgg s measured first

switching characteristics, Vcc =5V, TA =25°C
Ps FROM T0
PARAMETER TEST CONDITIONS IMIN  TYP MAX|UNIT
. {INPUT) {OUTPUT} N
frmax 20 26 MHz’
i 1 1
PLH Load Any 2 3 ns
1PHL 27 40
Tt 1 4
PLH Ctock Any CL=15pF = =400, 5 2 ns
PHL 21 31
See fip_~es 1 thru 3
PLH 1" 17
H [s] - ns
tPHL 24 36
i — 18 27
PLH H O ns
PHL 18 27
*Qm" £ maximum clock frequency -
WPLHT propagation delay time, low-to-high-ievel output
tpHL & propagation delay time, high-10-low-level output

7-214
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TYPES SN541S165, SN74LS165

PARALLEL-LOAD 8-BIT SHIFT REGISTERS

recommended operating con8itions

SN5LLS165 SN74L8165
MIN NOV MAX | MIN NOM MAX unIT
Msupoly voliage, Ve 45 : 55475 5 525| V
Hign-ievel output current, IoH -420 -400 | wA
Low-level output current, loL 4 81 mA
Clock frequency, feiock [ 25 0 25 | MH2
Wiath of clock 1nput pulse. ty{ciock}) 25 25 ns
whdth of load input puise, tw(toad) R 15 15 ‘ns
Clock-enable setup time, 1y, (see Figure 1) 30 30 ns
Parallel input setup time, tg, (see Figure 1) * 10 10 ns
Seriat input setup time, ty, (see Figure 2} 20 20 ns
Shitt setup time, iy, {see Figure 2} a5 45 ns
Hold time at any input, 1 o} o} ns
Operating free-air temperature, Tp ~55 125 0 70 ‘C

electrical characteristics over recommended operating free-air temperature range {uniess otherwise noted)

SN5£LS165 SN74L5165
PARAMETER TEST CONDITIONS? = UNIT
MIN TYFZ MAX |[MIN TYPI MAX
Vi High-ievel input voltage 2 2 \
Vi Low-level input voitage 07 0.8 v
Vik input clamp voltage Vee = MIN, l) = —18 mA -15 -156| V
Vee = MIN, ViIR=2V, I
Vol High-level output voltage A5, 3z 2.7 35 v
- ViL = V)Lmax, 1gH = =400 pA
~ [ vee = MIN, oL =4 mA €z 04 025 04| v
Vor Low-level output voltage ' Vig=2V,
Vi = V| max, gL =8mA 035 05
input ent at hitt/l ) 0.3
N put curre Shiftfload 1 yee = MAX,  Vi=7V 3 mA
maximum input voitage | Other inputs 0.1 0.1
Shitt/load 60 60
! -tevel i t Ve = MAX, Vi=27V +- LA
i Low-level input curren Biher nouts cc 1=2 2 >
Shift/load -12 =12
t Low-level input current Vee = MAX, Vi=04V mA
IS w-level input cu Other inputs cc 3 : —04 —0.4
log  Short<ircuit output current§ Vee = MAX -20 -100{~20 —~100 | mA
lgc  Supply current Y¢o = MAX, See Note 3 a 36 21 36 | mA

NOTE 3: With the outputs opan, clock inhibitand clock a1 4,5 V, and » clock pulse applied 10 the s “/ioad input, lge Is measured first

| with the paralis! inputs at 4,5 V, then with the parsiiel inputs prounded.

TEor'conditions shown as MIN or MAX, use the appropriate valus spacified under r
1Al typica! vaiues are at Veg=5V.Ta™ 25°C.

\ded opert °g €O

ENot more than one output should be shorted st a time, and the duration of the shortcircuit shoulz ~<: excesd one second,

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

PARAMETERY FROM o TEST CONDITIONS MIN TYP M T
{INPUT) (OUTPUT) AX | UNIE
{max 25 35 MHz
1 A = -
PLH Load Any 22 35 ns
PHL 22 35
PPLH 27 40
Ciock Any CL=15pF, R =2k

PHL LS "p "“ ¢ 3 : 28 40 | "
LR ee figures 3 :~°. 12 25

H Qy ns
tPHL 21 30
tPLK - 21 30

H Ql ns
1PHL 16 25

‘lm._ = maximum ciock frequency
pL = Propagation delay time, low-10-high-level output
P = propagstion delay 1ima, high-10-low-level output
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TYPES SN54165, SN541S165, SN74165 SN741S165

PARALLEL-LOAD B8-BIT SHIFT REGISTERS

PARAMETER ME'ASUREMENT INFORW ATION
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