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This project was to study and develop the using of laser diode to determine the object’s depth. The
reflection ability and reference point of sample were required. Laser diode provided the electrical signal and
could be transferred to the object’s depth by analog to digital and computer program that was developed by
Microsoft Visual Basic 6.0. The experiments were performed by measuring the various depths: 1,2,3,4,and 5
mm, respectively. The results show that when 1mm of depth was increased, the voltage was increased,ImV.
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TYPICAL PERFORM AN CE CHARACTERISTICS
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PIn FUNCTIONS
LTC128A LTC1:238
Vaer (PIn1: Referancalnput. The refarcrcenputckfines  CESHON (PIN 1i: Chip Selact Input. A lagic low on this
tha span ot the &0 corwertsr. nput emables the LTG1298. A logic high oo this input

1H* [PIn 2}: Posifive Andag Input.

IH~{PIn 3}: Hegaliva Aralog Input.

GHO (PIn 4]; Analop Ground. GO should he lied directly
ta an aralog ground plans

CS/SHOM {PIn 53: Chip Sekech Input. & lagic low on this
input enables the LTC1236. A legic high on fhis input
dizahlas and powsrs down the LTC1256.

Dour iPIn 6): Digital Data Qufput. The &0 cormsersion
rasult is shiftad cut of this oulput.

CLE{PIn 7} Shift Clack. Thisclock synchronize= tha sanal
data fransfar and detemmines corwersion spead.

Vg [FIn 8): Pesser Supply Valtaps: This pin provdes
powar to the A¢D carvwarlar. 1 must be kapt fres of noks
and ripple by bypassing dirsctly o the araleg greund
pare.

disabiles and povers dovn the LTC1293,

CHO £PIn 2): Analag Input.

CH1 {PIn 2}: Analag Input.

GHO{PIn4}: Andeg Ground. GH D should ba tied directly
{0 anandog g rounid plane.

Dy (P11S): Digital Data. Input. The mulliplexsraddress s
shifhed inba this inpul.

Doyy (PLA 6% Digitd Cata Quiput. The A'D comversian
result i shifted cut af this output.

CLE {PIn ¥j: 8hift Clack. This dock synchranizes the
serial data transferard datermines camversion spead.
Vice/Vper PN 83 Powesr Supply and Feference Vallage.
This pin prenides pover and defines tha span of the AD
comerier. It must ba kapt fres of noise and ripple by
by passing directly {o the analog ground plana.

Fadi
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LTCT286/TC1298

TEST CIRCUITS
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APPLICATION INFOMAM ATION
OVERVIEW

The LTC1286 and LTC1 288 are micrnpower, 12-bif, suc-
pessive approximation sampling AT coneertars. The
LTG286 typically draws 250pd of supply currant whan
sampling at 12.5kHz while the LTC1238 nominalky core
sumas 350yA of supply corrent when sampling al
11.1 kHz The exira 100p4 of supply current on the
LTC1288 comas frarm the mferance input which is infere
ticnally tied to the supply. Supply curentdrops lineary =
the sampla rate is reducad {see Supply Current vs Sample
Ratg]. The ADCs auttmahcalfg pesar dowen when nat
parfamming comsersions, drawing onky l=akage curent.
They are packaged in Bpin 50 and DNP packages. The
LTG128E operates an a singe supply from 43¢ fo &,

whiathe LTC1298 aparates from a4 8\ o 5.5V supply.

Bath the LTG1256 and the LTC1258 contain a 12-hit,

swilched capacitar ADC, a sample-and-haold, and a
seqial port {sea Block Diagram). Alihouph they shars
the same begic dasian, the LTC1286 and LTC1268
diffier in some respects. The LTC1286 kas adifferential
riput and has an exlema refarance input pin. 1 can
maasure signals ficating ona DG common-mods vl i-

@and gan operatn with reduced spansta 19, Peduc-

i) the spans allovs it fo achinwe 244y resolution. The
LTC1238 has a tero-channal input mukipleser and can
comvert either chanrel with respect to ground ar the
ditferenca bitvieen the two. The reference inpul is tiesd
ta the supply pin.

Fagd s
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LTC1286/LTC1298

APPLICATION INFORMATION
SERIAL INTERFACE

The Z-channal LTC1238 communicates with micropra-
cessors and other edermal circuitry via a synchronous,
half duplex, 4-wire serial interface. The single channel
LTC1 286 nses a J-wireintarface {200 Operating Saquenca
in Figures 1and 2].

Dafa Transfer

The CLK synchronizes the data trarsfer with each bit being
transmitted an tha faling CLK adge and capiursd on the
rising CLKadgzinbadh transmitling and receiving svslems.

The LTC 1286 doss not requi ra a configuratica ingat eard
and has no Dy pin. Afalling 05 iniliales data transfer as
shom in tha LTC1285 operating sequence. Ater TS fals
the second GLK pulse ensbiles Drygr. Alter one nol bit the

&/D conwersion rsultis autput onthe Doy ine. Bringing
s higgh resels the LTC1226 for the nexd data escharge.

Tha LTC1238 first raceives input data ared than transmits
back the & corveersion result (half dupleel. Bacausa of
the halt duplex eperation, Dy and Dy may ke fiad
tngether allowing transmission over just 3 wires: CS, CLK
and DATA {0y Dyl

Diata transferis initiated by a falling chipsclact €S isignal,
Eftar TS falk the LTC1292 loaks for astart bit. &lter the
startbitis received, the Sbitinpul ward isshifted int o the
Dyy input which configures the LTC1298 and stars tha
comsarsion. AHzrona nul bit, the resultof theconversion
is outputanthe Degrline At the end cithe data gschange
S shauld b brought high . Ths resats tha LTC1238 i
preparation for the next dafa eschange.

ikl
my By Nin) a9 B8

SAPERCORRPLETING THE DTS, TRMEIEE. FHENER L0035 ARE AL ETRITHTE 1o,
THE ADDOEL L TRUT U HRET AT, WG MLLDREDETTH IrEELnenny.

_ e

bz
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*AFTERCORPLENUS THEGATA
THE ADG WAL DNFUTIERGS FOMUATELY.
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LTC1286/LTC1298

APPLICATION INEORMATION
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LTC1286/LTC1298

APPLICATION INFORMATION

Inut Data Word

Thie LTC1286 requires no Oy wond. It s permonently
gonfigurad to have a single differential input. Ths cover-
sion result appaars an the Dy line. The data format is
[ASE first tollowed by the L5B saquence. This provides
gasy interfaca to MSE or LB first serial parts. For 38
firct data the G5 sigmal can be fakan high alter BO {sca
Figura 1). The LTG 1238 dlacks dafa into tha Dy input on
the rising adge of the clock. The input data words are
dhelinad as follovs:

Fal
E«WTIW Sen oy

Vi EerRT

SUDEESRS L%&;g;é;
Starl Bil
Tha first *logical cna” clocked inta the Dy input after 08
goes low is the start bit. The start bit nifiztes the data
trarster. The LTC1298 willignore Al leading aerces which
precada this bagical ona. &fter the =tad bitis received, the
ramaining bits ed tha inputvased wil be clackad in. Further
irputs on the Dy pin are then ignored wntil the nest 75
oycle.

Tulfl plaxe r TAUK] Addrass

Thabits of the input word folioedng the START kit assign
tha MUY configuration for tha raquasted conversion. For
a given channd selection, the convertar will measura the
yeltaps betvssn the twa channals indicated by the + and
— signs in the saleziad rovw of the follsding tables. In
single-anded mode allinput charnels ara measured with

raspact o GHD.
LTC1293 Chamd S&leciion
NITAIAGS | CHasn g
s OFF oo | o i | oMl
sparemrn|l 1 7 ¥ =
Himpant 1 1 ] -
FHRmnaL i & * -
T | 7 - 5
s A

MSB Firsl/LSB Firsl ASEF)

Tha auiput data of the LTC1208 is programimed for
IM5B first or LSB first sequence using the MSEF bit.
Whan the MSBF bit is a logical one, datawillappearon
tha Doy ling in M5B first format. Legical zeros will ba
filled in indefinitely following the last data bit. When the

MSEF bil is a logical zero, LSE first data will fallow the
normal FSE first data an the Daur line. {sea Oparating
Sequenca]

Translfar Curee

The LTC1 285/LTC1 298 are permanantly canligured tar
unipedar anky. The input spanand code assignment for
this comearsiontyps are shown in the fellowing figurss.

Trancler Carve

'
T —— _ l |
ERREERRRRRE : { l
: B
DEEEO0AO0T4- || !%
DO¥EEENAGT00 — hr ——t
Lil g ammiem LN ]
s 2 =
g8 8
fe= o
Output Cade
IERITUALGE
OUTUTEARE  [HANYILIRE | Fmp= S RL
I ] v s B
TEEERRRIRRIEE Y I et LXTE
@ % 3
% ] 4
gopepacntonel]| LR
QODGRAT0ILEES E B

Operallon wiih Dy and Doy Tled Togaiher

The LTC1288 can be operated with Dy and Dy tied
ngether. This diminates ana of tha lines raquired to
cammunicate totha microprecassor (M PU). Data i trans-
mitted in both directiors on a single wire. Tha processar
pin connectad 1o this data ling should be configurable as
either aninput or an autput. The LTC12E8 will fakbacontral
of the dataling and drive it lovran tha thifalling CLK exdge
after the start hitis raceived {see Figura 3]. Therefors the
processor part line must ba switchad to an nput before
this happens fo aweid a conflict.

In the Typical Applcations section, therais anexample af
irarfacing tha LTC 1288 with Ty and Dygyrfied togethar i
tha Intel B51 MPU.

H.16
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LTC1286/LTC1298

APPLICATION INFORMATION

BsFuTLAGE
B i
1

1 2 3

s { l }

1

Lt s f' ITAET '\ 2R TFY ,‘ e e it v E&V@ 51 it | s a
- .{ |. P
L i
UPLICGHITRI LS DATALIE AAS 500 | | LYIIS3 GHTROLSDATA LI AT NS
BRI ADDRESE THLIIZ® AT FESULTBACE TRBSU
PESREEILE YLRT FRIEASE _.I I-—s.xzzisstms COUTRIL OF DOTA LB
DTk LER AFTER 4™ BISEG LK GUIH ERLUNS IE

AL EEUE HIATHIRURGWS

TRERAEE

Apire 3. LTC129% Operaifon with Dy and Dgyy Tied Togelier

ACHIEVIHG BICROPOYER PERFORMAHCE

With typical operating currents of 25004 and audtomatic
shuldowm bebwean convarsions, the LTC1286/LTC1 298
achieses xlramely low paver consumplion over a wide
ranga of sample rates {sse Figure 41, The anto-shutdosn
alloes the supply curve to drepwith reducad sampla rata.
Saveralthings must be takeninto accountto achises such
a low powser coresuimption,

1D

C Ta =T
- e B
5 = EROHE K

B
-

—t L =

SURPTY CUFRELT (g4

P

-]

&
I~

\}'\-

1
ol 1t 1t
SALFLERATE gt

EIRAIRE

Apwre 4. kuomatic Posar Shuidesn Between Corerdons
Allvws Power Consumplion {x Drop with Simple Rae.

8%

shuldasn

The LTG1286/LTC1 298 ara equipped with autormatic shut-
dowen features. Thay draw pover when the 3 pin s low
arel shut dover eorpletely whan thatpin is high. Tha bizs
circuil and cornparatar pesers down and the relerence

inpul becamas high mpschnceat the end of each comssr-
sionleaving tha CLE nnning e clockout the LSB firstdata
ar zeroes(sas Rgures 1 and 2). 1 he T8 & nol unring rai-
fe rail, the inputlogicbufler will dravecurmal. This current
may be lams compared o the tpical supply current. To
obstain tha lewest supply current, bring the T3 pin 1o
ground whanitis lewand tosupply wliage ehenitishigh.
When tha T3 pin is high {= supply vultags), the corvertar
isin shutdown moda and draws only lealage current. The
status of the Oy and CLK input have noeflact on supply
crrentt during this time. Tharxis no negd to stop Dy and
CLK with 35 = high: they can conlfinue o nn without
drawing cumant.

Ml miza T Lo Ting

In systerns that haae significant time betesan comer-
sions, lowsst povar drain will coou redth the minimum G5
low time. Bringing GS low, transtaring data.as quickly s
peesilile, and then bringing it back high will resultin ihe
loweesst eurrent drain, This minimizes the amount of time
the davice draws power. After a cormarsion the B0G
automatically shuts down evert if 5 is held low (zae
Figures 1.and 2}. If the clockis left running to elock out
L3B-dala or zer, the legic will draw 2 simall currant.
Fiure § shows that the typica supply currant with T5 =
grourid varies from 1uAat 1kHz to 350 at 200kH:. When
8 = Yz, the logic is gatad off and no supply curent is
drasn regandiess of the dak frequency.

Fad
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LTCT284/LTC1298

APPLICATION Iﬂ FORMATION
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RGBT g4

ST

Agure & Shitiowy cumeni s TE M E 1 Eg)lml'j,
regardless offne elick Shatdown ewrrent with €8 = proand
varles from 14 al 1kHz [0 35k ot 2006Hz.

Dour Loading
Capacifive lnading on the digital cutputeanincrease pover
corsumption. & 100pF capacitor on tha Dy pincan add

mara than SOG4 to the supply current at & 200kHz clack
frequency. An exira 500f or so of current gees inlo
charging and discharging the load eapacitor. The zams
goes fordgital [nesdrivenata highiraquency by any legic.
TheG =¥ % f curenis must be evaluated and the troublz-
SOMMe ores minimizad.

OPERATING OH OTHER THAH SU SUPPLIES [LTC1286)

The LTG1286 aperates from 4.5¢ to 94 suppli=s and the
LTC1208 operalesromaSV supply. To operala the LTC1 286
on afher than 3V aupplies a few things must bs kept in
mind.

InputLoglc Levels

Theinput logic leveks of 5, CLK and Dyy ara made to meat
TTLan a 54 suppky. ¥hen the supply voltage varias, the
input logic levels alsa change, For tha LTC1 256 to sampﬁ%
and converf correcily, the doital inputs bave to be nthe
proper lagical low and high lavsks relalive to the aperating
supply voltaga (sea fypical curea of Digital Input Logic
Threshald v Supply Voltaa). If achiming micrapovwer
coreumplionisdesirabla, thedigital inputs mustgo ral-to-
rail bedviean supply wlfage and ground {ses ACHIEVIHG
MICROPXER PERFORMANCE seclion).

Clock Fraguency

The maedmurn roommended dock frequency i 200kH:
far the LTC1286TC 1238 nnning off @ 5 supply. ith
tha supply woltage changing, the masimum dick fre-
quency farthe devices d=ochanges (ses the typical curea
af Magimum Clack Rate s Supply Yoliaga). If the maxi-
o chck frequency is used, care must be taken to
ersure that the devios comerts correctly.

Ml xed Suppll es

It is possible bo have a microprocessor minning off a 3¢
supply and communicats with the LTC1286 aparating on
a & supply. The mquiremsnl 1o achieve this & that the
nutputzof G5 and CLE from the MPU hava to baableto tip
the equivaknt inputs of the LTG1286 and tha cutput of
Dgyy from tha LTC1286 must be abls to togola the
equivalent input of the MPU {saa typical curse of Digital
Input Logic Threshold s Suppig Voltags]. With the
LTC1286 operaling srnadvzupply, the output af Dnyymag
ga heteen 0 and 9¢. Tha 9 output may damaga the
KMPU rurning olf a 8¢ supply. The way fo gatarcand this
possibility i bo have a resistar dividar on Dy (Figure 6)
and connect tha center point o the KPU npet. [tshaud
bia noted that to gat full shutdown, the U5 nput of the
LTG1 286 kst ba drivers by the op valtaga o kegp the T8
nput buffer from drawing currant. An altermative is to
kave CS kow alter a corversion, clock data untd Doy
autputs zeros, and then sbop the dlock o,

¥ 4aF
= B w
g Y
b LT ) il e n B K
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LTC1286/1TC1298

APPLICATION INFORMATION
* BOARD LAYOUT CONSIDERATIONS

arounding and Bypassing

The LTC1285LTC1248 are exey bo use it soms cars is
takan. They should ke used with an analog ground plane
and single point groundng techniquas. The GRO pin
sheuikd ba fied directly ta the graund plane

TheWoc pin should be bypassed to the ground plane with
a 10yFantalurn capacitor edih kacds 2= short #s possibla.
I the power supply is cean, the LTC1 2861 TC1 265 can
ako oparata with sraller 19F ar bess surfacs mourd or
caramic bypass capacitars, &ll anaky inpuls should be
refarenced dirsctly to the =single paint ground. Digital
inpuits and oulputs should be shiaked from and/orrouted
avay from the referencs and analag circuitry.

SARIPLE-AHD-HOLD

Both tha LTC1285 and the LTC1238 provide a huiltin
sarnpla-and-hdd {S&H] function te acquire sigrals, The
S&H of the LTC1 250 acqui res inputsignaks fram +" input
relalive 1o ™" input during the gy fims {ses Agurs 1),
Hovasver, the 5&H of the LTC1238 can sample input
signak in the singa-ended made or in the diffarential
inputs during tha et tima {see Figurs 7).

SIngle-Ended [npuls

The samgl-arehold of the LTC1288 alkes comversion
of rapidly varying signals. The input valiags s sampled
during the teggp lime a2 shownin Figure 7. The sampling
iiteral begins asthe bit preceding the MSEF bit is shifted
1 and confinues undil the Bling GLK edga after the MSBF
hiti= recaiwed. Onthis flling edge, the 8&H goas into hdd
meeks arul the eonversion begins.

BXUPLE D

S IMRUT BT 1
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HETEE

ax
Iy
TSTEF TEST - HFUTULET
T i i *
T V
oy k

R

Flgure 7. LTC1298 *+" mnd *-" laput Setfileg Pndus:

HW.19




LTC1286/LTC1298

APPLICATION INFORMATION
Differantlal npuls

With ditferential inputs, tha A0C no lenger careaarls psta
singe valtage but rathar the difference hetwman by vali-
ages. In this casa, thavaltags on the selected “+ " inpul is
still sampled and hel and tharetore may ke apidly tire
yaryirg just as in single-endad mode. However, the li-
agaonthe sekctsd "= input must remain corestant and b
fres of noise and ripple throughout the coreersion time:
Ctherviza, the differencing operalion may not ks par-
farmed accurately. The carvaarsion firme is 12 CLE cycles.
Tharefarz. a chianga in tha "=~ input vollage during this
interaal can ks canversion errors. For a sinuscidd
voltage on the *=" input this error would be:

Vierron g = Veem * 2 X axi0=T1 > 120
Whara (=] is the lrequency of the *-" inpul valtage,
Vppagisitepeak amplilude andfiyyis thfreopency of tha
GLK. In moet cames Vpppop will st b significant. For a
B0H:z signal cn the *-" input to generaia a 1/4LSE sriar
{3050/ ) wath the converier running at CLK = 200kHz, its
peak valug would hae to be 13.48mv.

ANALOG IHPUTS

Bacaes of the capacitiva redistribution A/D conversion
techniques used, the analeg inputs of the LTC1 280
LTC1298 have capacitive swatching irput currantspikes.
Thess current spikes sattle quickly and do not causs a
problam. However, if larga sourca resislances am usad or
if slow satiling op amps drive the inputs, cae must b
taken fo ireure that the ransients eaussd by the current
spikes setila comiplately before the convarsion bagins,

4 Input Satliing

The input capaci tor of the LTC1286 is switched onila "+
input during the dgyp) time (zee Figura 11 and samples the
input signal within that time. Hovwever, ti‘iamputc:apanrtm
of the LTC1208 is swithed onb 4 input during the
sanpl phasa iteage , sea Figua 7). Tha sampla phasais
1172 CLK cyles befare comearsion starts. Thavaltagaon
the "+ irput must sefle completaly within sypyE for the
LTC1286 and the LTC1208 respectively. Minimidng
Rzrimort and ©1 will mprovethea input sattling time. If a.
larga “+" input soure resistance must be usad, the

sampls fime can ba increased by using a slower CLE
frenuency.

*~" | miput Selliing

.ii:imm:l olthe [gg@i_:liﬁinplﬂ'ﬁapaﬁimra’f*;ﬂﬁlmsl:iii;hﬂ
=" input and corversion starts ¢ses Figures 1 and 73

Curing the conversion, the *+ " input voltage i effed iely

“tiakl” by the sample-and-hold and will not aﬂm tha

carversion result. Hovseer, itis eatizal that the ™= inpul

wiltagasetlescumpletely during the first CLK evcleof the
corversion timeand ba fres ofnokse Minimizing Fig _ﬁ;g?g

and G2 will impree settling fime If a linge =" nput
source resistance must be usad, the time allowed For
satting can beextended byueing a slowerCLK Trequancy.

Input dp &mps

When diving the analag inputs with an op amp it is
impararl that the ap amp settle within the allowed ma
{seaFgure 7. Again_the™+" and " inputsamping Limes
gan b edendad a5 deseribed above o accommodata
slower ap amps. Mastop amps, includng the LT1006ard
L1413 single=upplyop amps, can be mada o seflle wall
gean with tha minimun s=tlling vindows of B
irput] which cczurat the maximum clock rate of 200kHz.

Saurca Raglstance

The araleg inputs of tha LTG1ZBELTC1208 |nak lke &
20pF capaeitor {Ginyin sedes with & 5003 resishar Rag)
as shosm in Fi igure 8. Cyy gats switched belween tha
sakected "+ and "= inputs once during each convarsion
gyl Large external sounca resistors and capacitancas

LI

—1 T P« 300
= _T " .Il*kga-%f

SEERBIGE

Figure & &naloq inpui Equvalest Clreult

H.20

LIRS
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APPLICATION InFORMATION

will slovr the satting of the nputs. Itis important that the:
rserall R time constants bie shorl enangh o dlow the
araluginputs to conpdatelysattk: within the allowsed time:

R Inpul FHltering

It i peossible ta filter the niputs with an RC network a=
sheen in Figure 9. For larga values of Gy feg., 1uF, the
capacilive inputswitching currents are averaged ntoanat
CC currant. Therslare, a fitter should b chesen with a
sl resistor and large capacitor to pressent OC drops
across the rasistar. The m1gmtua:b af it O current &
approsimalely Ipe = 20pF = Vig'toye and i raughly
proparfional fo Yiy. When running at tha minimum cwcle
time of Bdps, theinput cument equals 1.56pA at Wy = 51
I this casa, a fer resistor of 7352 will cause QLSE of
full-scale error. It a larger filler resistar must be used,
arrars can be eliminated by ncreasing the svclk fime

'Hn f e
LTOTEE

I L
- - LR S

Agere 8. RC lapat Fittedng

input Leakage Current

Irqaut kakage currents can Aso creabe errors if the soura
ressistance gels too large. For inslance, the maximum
input lasakaga specificalion of 1A {at 125°C) floving
through asoures esistancs of 2400 will cause 2 wultage
drop af 240y or 02158, This errarwill ke much reduced
atlosar femperatures becausa laakage drops rapidly (ses
typical curve of Input Channal Leakage Current vs Temr
paraturay.

REFEREMCE INPUTS

Tha refer=nce input of the LTC1286 15 effeclively 2 50k0
resistar frorm tha time 53 goes low to the and of the
conversian. Therelerenca inputbecomes ahighimpedence
nock: at aryy other time (sae Figura 10, Since the witaps
an the referencz input definss thevaltaga span of the AD

conserkr, tha relamnce input shoud be driven by a
referancewithlow Ry fee LTTO0, L1013 and LT1021)

or a vallage source wilh low Rgyr.

BE

11t LIEISEC
Ryr
‘=.[ HE o %

Anure 11. Reference Irpu Equivalent dreull

Reduced R efarance Opsalion

The rmirimurn referenze voliaga of the LTC1238 s limited
10 4.5 bacaues the YWpp supply and reference ars inter-
nally fied together. Howsmoar, the LTC1286 can oparata
vath reterence vl tages below 1.

Tha effective resclution ef the LTC1 285 can b= incrased
by raducing theirput span of theconvarter. Tha LTC1286

exhibils good lingarity and gain over a wide ranps of

reference smltages (seetypicalcurves of Changzin Linear-
ity s RefarenceVoltage and Ghangs inGain v Referance

Valtage). Hiweer, cans must ba ken whan operating at
e values o Vi bacausa of the rackaced LSE siep siza

an the resulling higher accuracy requiement pfaced on
the comerter. Tha following Tactors must be cansidared
when operating at lew Vegr vlues:

1. Offsat

2. loiss

3. Corrersion spead (CLE Frenuency)

Ofrset with Re duced Ypgr

Tha alfzat of the LTC1286 has alargar effect on the autput
e, When the ADC iz operaled with reduced referenca
voltage. The offzat {which is fypicaly a fied wltaga)
bacames alargar fraction of an L5B as the size of the LSB
i reducad. The typical curse of Change in Ofiset vs
Relerenve Voltags shows haw offsstin LSEBs is mlated to
refarance voltags for a typica valua of Vi, For esampls,
a Vg of 1224¢ which is 0.1LSB with a 5V referenca
becomes DU5LSE with 2 1V refarercs and 2.505Bs with a

LT
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APPLICATION INFORMATION

0.2¢ mlarence. If this offset is unacceptabie, it can big
comacted digitally by the recaiving system or by olisetting
the *=" input of the LTC1256.

Holsa ¥lih Raduced Vg

The tatal nput referred noise of the LTE1386 can be
reducad 1o spproximately 4000V pask-topesk using a
araund phne, good bypassing, good layout tachnigues
ard mirimizang noisa on tha referance inputs. This nokes
isinsignificantwithaSV mlerercebut will become alarger
fraction of an LSB as thesim of the LSB s mduced.

For operation with a 5F relarencs, the 40000 paoisa is
only 0.33LEB peak-topaak. In this case, the LTC1266
noise will contrbule wrually no uncartainty to the
otlputrode. Howevar, For reduced raferences the noiss
may becomea significant fraction of an LSB and cavss
undesirable jiter in tha outpul code. Fur ezamiple, with
a 2.5¢ rafersncs this same 400 noksa is 0.65LSB
pesk-to-peak. This will reducs thie ranga of input vall-
ages cear which astiable oulpul codecan be achieved by
1LSB. the referencaiz fu rtharred uoed to 1Y, tha 400y
noise bacomesequal 1o1.65L58zand a sialecodes may
be difficult to achieve. In this case averaging multife
readings may be nacessary.

This noisa data was fabenina very clean sstup. Any satup
inducsd noisa (noisa orrippla on Yz, V¥ gee ori )l will add
ta tha ntarnal notsa. The lower the refenence valtage o be
usad the morechfical itbecomes o hae a clzan, noise frea
sahup.

Converslan Speed wiih Reduce d Vpg

With reducad referenca voltages, the L5E step size &
reducad and the LTC1285 internal cormparator awer-
drive is reduced. Therefors, it may be necessary 1o
recuca the maximum CLK frequancy whan low values
of Vg are used.

BE

DYHARMIC PERFORMAHCE

The LTG12B&/LTC1 238 have excaptional sampling capa
bility. Fast Fourier Trarshorm (FFT) test echniquas ars
usad fo characteriz the ADCs frequency rasporsa, dis-

tarticn andnaisaatthe rated threughput. Byappyingalow
distortion sinewayva and analyzing the digital culput using
an FFT dgurittrn, the ADCs spectral camiznt can b=
examned far frequencies autside the fundamental. Figuns
11 shows a tepical LTC1256 pot.

MACMITUDE b8

~140
fy H z 4 4 § G 7

FRECLENGY (g
HLIENEN

Apure 11. LTC1286 Hor-Averaged, 4096 Panl FFT Pt

Slgnal-io-Holse Raflo

Tha Signal-ta-Heise plus Distotion Ralia{5'H+ D] isthe
ratin batwaen the RMS amplituda of the fundamental
input frequency to the RES amplitude of all other Tre-
quency comipanents at the ADC's output. The oulput is
hand limited o frequencies above DC and beleew onshalf
thetsampling frequancy. Figura 12 shows a typical spec-
iral cooitent with a 12.5kH: sampling rate.

Effeciiye Humber of Bils
Tha Effectiva Humber of Bits {ENOBs] is ameasurermnant of
the resclutianotan ADC and is dirsctly related to STH+0)
by the equation:

EHOE = [5/(H + [0 - 1.76)/6.02
whare 5/(H + D} & expressed in dB. & the maxmum
sampling rate of 12.8kHz with a 8 supply, tha LTG1286
maintars abive 11 ENOBs at 10kHz input frequency.
Above 10kHz the EHNOBs gradually dacling, a5 shown in
Fgurs 12, due 1o increasing secand harmanic distarfion.
The noisaflaor remains low.

C W22
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Flgure 12. Efeiive Bl and SN + 0) s8 Inpul Frequency

Talal Harmaenlc Distoriian

Todal Harmenic Distortion (THO i the ratic of the RKS
sum of Al hammonicaot the input signal to the undamental
itsel. The aui-of-bard hammanics alias inta the frequency
band biatweaan CC and hal fodths sampling Fraguency THD
is defined &=

THD = ggbgﬁ?m? 2:3—%... +i!’§

whare V¥4 is the RIS ampitude of the fundamantal fre-
quency and ¥y lhmugl Wy are the amplfudes of tha
second fhrough the N hamarics. The typical THO speci-
fication in tha Dynarmic Accurcy fable includes the 2nd
through Sth harmanics. Wik 3 %kHz input sigral, the
- LTC1 2864 LTC 1235 have ypical THO of S0dB with Wep = 54

Intermodulation Distariicn

I1the ADC nputslgnal condlst ofmom fhanone spachral
companant, fhe ADC transfar Tunction nonlingartty can
praduca Intermoduiation distorton {107 In addition
fa THD. IMD 15 {he changd In ona sinuscldal nput
cauzed by the presence o anothar sinueoldal npot at a
diffarent Traquency.

If two s sing waves of Iequencies  and iy are gapliad
to the ADC inpul, nanilinzarifies in the ARG transter func-
fion can create distadion praducts atsumand differance
fraquencias of mf; £nfy, whemmandn=01,2. 5, elc.
Farezampls, the2nd ordarl MO erms inchoda I, + 1] and
if; = Iy} while 3nd onder IMD terms nclude 265 + F,
(215 — ), ifs + 2Ms), and {f; - 2fp). IF the twe input sina
varas areequalin magnitudes, thevaluedin dBj of tha 2nd
arder 10 proclucts con b expressad by the follvwing
fommula:

ram itude |
. ~ plitude [fﬁifg‘]
O, + i = 2006
E{;’t }’J ﬁg[ amplitude at {,

Forinput fraquencies of SkHz and BkHz, tha KD of the
LTC128&/LTG1 298 is 73dB wath a 5V supply.

Peak Harmonlc or Spurious Holse

Thee p=ak harmanic or spurians noisa is the largsst spec-
tral component exchuding tha input sigral and OC. This
valueisexprassed in dBs relatta to fhe RS valua of afull-

scala input signal.

Full-Power and Full-Linear Randsdin

The full-powerbandwidthis that input frequancy at wehich
the amplituda of the recorstructed fundamendal is ra-
duced by 3dB for a full-scals inguk.

The full-finear bondwidth is the input frequancy at which
{he affective hits rating of the ADC falls ta 11 bits. Bzpond
this fraquency, distorlion of the sampled input signal
increases. The LTC1 2B6/LTE1 238 have bean designed to
aptimize input bandwidih, allowing the ADCs to
urikzrsamnypls input signaks with frequencies above the
eomvartars’ Hyvquist Frequancy.

Fag
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TYPICAL APPLICATION S
MICROPROCESS OR INTERF ACES

The LTCA286'LTC1299 can inferface dirsctly vithoul ax-
f2md hardwara to most popular microprocessar {KPU)
gynchrcoous sedal formats (sae Tabks 10 i an HPAU
without a dedicated senal pot B usad, then 3 ard ot the
MPU's pardlal part lings can be programmed ta fom the
saridl lirk to the LTC12RE/LTC1 298, Included herais ane
arid inferface exampla and one example showing a
parallel part programmed 1o Farm the sanal inferface:

Molorola SPI{MCGBIHT11]

The KCESHC11 hasbeenichosen s aneaampla of an PU
vaith a deslicated sarial poit. This WMPU trarefers data MSE
~first and in8-bitincraments. Tha Diy word sent todha data
ragister sfarls with the SPl process. With e 8-bit
franstars, the AT result is readinita the MPU. The second
S-bittrareferclocks B11 through Balthe A0 conersion
result into the: procassor. The third 84 transler clacks
the rmaining bits, B7 thraugh BOL inta tha MPU. The data
is nght pstified nto two memary lacations. &Ding the
sacand byte with OF ype claars the Taur mast signifizant
hits. This upemfion vas notincuded inthe code. It can ke
irserted in the data gathering loop or culside the loop
when the datais processad.

MCEEHC11 Code

In this axampl=the Qg wond configures theinput FUX for
a single-endad irputin ba applied ta CHO. Tha convarsion
rasult is output MSE-first.

Table 1. Microprocessor wiih Hadware Sedal Inlerlaces
Compaliile i (ke LTC1286,LTC1298

PIAT HUHEER ] TTPE OF IHTERFACE
okl
Wisaeni H
REH | #H
KRl H
AG&
ER 222 Hi [ B
Hilacki
eI EHESH AT
Higinly 20l Spasknonoes
Hs i B Baachoonass
HiG oLl Bchrorans
HIG3d SCl Bavchiones
HERER 1] {?3%%?
Kalional Senponlielsr
LERED Farily LBEAMNIRE
LPEA famiy HERTHIRLRLE
| 221 aiH HERDBEaLE
HPG1E Py HERDUIREPLE
Texas Imlnnenk
THETHE Barid Poet
TSN Zand Porl
G2 Serid Fort
THE 42 Zarid Porl
ji R LEN Sanig Pord
THEEA Ferid Porl
Irid
Hal | Bt Bariaktion ar Parald Bt
* Regueres oobomd hard e
+ QRGN BE aad HERGUIBEPLUS s troddermarbn
Hofored Bamicondector fog.
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Timing Dlagram far inferiace {5 the ACBHC1

)\

?“%,%E [ 3 GO I I LI I I % ] 3 2 I3 -
By WA
?%%??é E I I e A i z 1P| Yyl |ei B |8 Blels|lmla| 58 |2
By FEY TR e
Hardware and Sottware Inlerfaceto ihe HCEHE
SgurFEOM LIE1 26 STOREY B{BRRRICH Rl
e
w |l ool o | alen]uo]e]s|m miy 2 ~
X "‘é‘mﬂ? bR futa< = 4 ;m{
# | F & | B | &) e | sy 55 pas - -
oorm ot
LABEL | HKEMOME | DPERHD |} COMMEHTS LEBEL | HHEHOKIC | OPERAHD | COMMENTE
L& #4 DOFHGURATEON DRTAFCEBFDR - | WATH | BRL WAt CHEDR F TRAKERRE DO
STa4 HEE LD DATA INTH SRCR G403 KT =1 LOAT DR INTDALE & FROM B8
L SlE [EHE. OATAFIRPORTD DDA AR i ] LA D 1470 3, START 20K
S o LCAD OATRINTO FOAT D OOR WAz | LA S CHETE 3F STATUE RER
R0 #i LOAD DI WORD INTDAEC & 21 AT CHECK FTRANSRR EOIE
STaA & LOAD DR DATAIATOSED LAk aiiey L0 L0470 HEE BTO LA
LA 0 LDAD N VEORD KTO ARG & S 2 STREMBINER
R LE b LCAD TN DATRIRT0SS L& b5Xy LA DURAY O A A
i #H LCAD DUHHY DY WORDINTD _ FROH &2
, ) HLa 4 ST F3i LOIAD DULSSY D INTO SR,
ST 22 LCAD DURHEY RN DATAIR TG ‘ STAHT 25K
L% 100 | LOAD INDEX REGISTER XWITH YT | LDAR 3 CHEGK 3H GTATLE RER
‘ L B WHTI CHECEFTRANCHR E DO
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LIk 2 LCOD DN IRTOACT AFRDH 350 LA atie | L& TG4 L3Es W ALE
STRA b2l LDAT DN IRTO B9 START O L) k5 STCRE1SE BLEEY
L& sl LHECKIPISTANE BEG e Lo START YT DAERCEN

Fadi

H.25




LTC1286/LTC1298

TYPICAL APPLICATIONS

Imterfacing Lo e Parallel Porl of tha IHTEL 8051
Familly .

Tha Imdd 3051 has been chosen to demonstrate the
interface betvween the LTC1295 and paralld port micro-
processars. Harmally the G5, CLK and Dy signdls waould
be gensrated on 3 port linas and the gy signal read on
a 4th port line. This works very wall. However, we will
dermonsirak hersan interfaca with the Diy and Doy ofthe
LTC1268 tied togethar as described inthaSERIAL IHTER-
FACE section. This swas one wirs.

Thie 8051 first sands the start bit and KUY address fathe
LTC1298 over the data line connected to P1.2. ThenP1.2
is recorfigured as aninput {ly writing to ita cnsj and the
2051 raads back the 12-bit AT resull ovar the same data
lina.

— o5 R4
SRMDG o B3 L.
meins| | MO -0 i
- Gy j Bz
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fe o
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A& *Qulck Look™ Clreull for lhe LTC1286

Uszars can getaquick bakat the Tuncticn and liming af the
LT1256 by using the following simpls circuit {Figurs 131.

Vo is tied o Voo Vi is applied fo the +1H input and the
I input is tied to the grourd. €5 & driven at 1116 the
clack rate by the 74C161 and Dy oulputs the data. The
output data fram the Dgyr pin can be viewsd an an
cecilloscopa that s setup 1o tagger on the falling edge of
T (Rigura 14). Note the LB dala is parially clocked out
befara G5 goes high.
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Apure 13. “ Quick Loak™ Clreuth fartha LTC1 286

" ust o
7 i #
VERTIEAL BATR
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Flyure 14. Scope Trate he LTC1285 “Qulek Laok” Clrenil
Shawing &0 Dulput 10101 H V1010 (ARMyex)

Ricrapower Battery Vollage Ranltor

A cornmon problem inbatiary systerns is battery wdtxge
monitorreg. Thisciruitmaritars tha 10 cdll stack of HiCad
arHikIH battenes foundin lptopoomputers. Hdravsonly
6 7 from the 3 suppdy at fgppy = 0.kHz and 25pAto
24y From the biattery. The 12bits of resolution of the
LTC1256 are pasiions] swer the dasinad range of 8Y (o
16¢. This is asily accomiplished by usig the ADCs
diffzrential inputs. Tying the —input to tha referencs gives
an ADC input span of Vopp o Vg (250 1o V1. The
resistordiddar then scales theinput voltage for & to 164,

BLTERY BT =
HPLTR
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s e d é:&& I
= Yo
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Agure 15. Mlcripeser Battery tollage Mantar
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Source Code lifsunsumsianinanvesing

Private Declare Function Inp Lib "inpout32.dll" Alias "Inp32" (ByVal PortAddress As Integer) As Integer
Private Declare Sub Out Lib “inpout32.dll" Alias "Out32" (ByVal PortAddress As Integer, ByVal Value As
Integer)

Public pwrite As Integer

Public pread As Integer

Private Sub Command1_Click()
result = num1$ - num2$
Label3.Caption = "A2WANv8ITAg =" & result & " Haawas"

End Sub

Private Sub Form_Load()
Timerl.Intex;;ral =1
Timerl.Enabled = True
pwrite = &H378
pread = &H379

End Sub

Private Sub Timerl_ Timer()

kool Rk kobk Channel] ( FF ke erksbr bk

Forn=1To2
Fori=1To 250
Out pwrite, &HB
Out pwrite, &H3
Out pwrite, &H1
Out pwrite, &H3
Out pwrite, &H1
Out pwrite, &H3
Out pwrite, &HO
Out pwrite, &H2
Out pwrite, &HO
Out pwrite, &H2
chObuff=0
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Out pwrite, &H1
For readcount =1 To 12
Out pwrite, &H3
Out pwrite, &H1

Next readcount

For readcount =1 To 12
adObuff = (Inp(pread) And &H80)/ (2~ 7)
chObuff = chObuff Or (adObuff * (2 ~ (readcount - 1)))
Out pwrite, &H3
Out pwrite, &H1

Next readcount

adcO = adc0 + chObuff

Next i

adc0 = adc0/ 250

Out pwrite, &HB

analog0 = (adc0 - 4096) * -1

resultO = (analog0 / 4096) * 5

numl$ = Format(result0, "0.00")

Labell.Caption = "u.ﬂﬁumﬁ =" & numi$ & * 13a@"

Nextn

adc0 = adc0 /250

Out pwrite, &HB

analog0 = (adc0 - 4096) * -1
result0 = (analog0 / 4096) * 5
num2$ = Format(result0, "0.00")

Label2.Caption = "US¥UAW 2 =" & num2$ & " 1ad"

End Sub
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