


Ideale Kennlinie eines 3Bit-
Wandlers
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Integrale Nichtlinearität
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Parallelwandler

Komparatoren

R

R

R

R

R

R

R

z2

zl

z0

Track/Hold

Enkoder
8 zrt 3



lt
cl
Fxs

On.Chip 2.2GIlz TtacAHoId Amplilier

Figure 1 Sjmplilied Functianat Diagran

Detaited Descfiption

!5V lcsps,8.Bit ADC with

The MAX104 is an 8-bt,  lcsps f lash analog to digi ta
converter (ADC) with on chip tracklho d (T/H) amp ifie.
and dl f ferent ial  PECL-compal ible oulputs. The ADC
(F gLre 1) employs a lu y dl f lerenl lal  8 bi t  quaft  zer
and a unique encoding scheme to l im t  metasiable
states to typically one error per 1016 cock cyces, wth
no error exceed ng lLSB max
An integrated 8 16 output dernu l plexer simplifies inter-
facing to the pan by reducing the output data rate to
one hal the sampl ing clock rale This demult iplexer
h a s  l n t e r n a l  r e s e l  c a p a b l l i t y  t h a t  a  o w s  m L  t i p l e

l \ ,44X104s to be t ime inter leaved lo achieve hlgher
etlective sampling rates.
When cocked at lcsps, the MAX104 provides a typi
cai effective nunrber ol bits (ENOB) of >7.5 bits at an
analog input lrequency of 500N4H2. The analog inpLrl ol
lhe 1,44X104 is designed for diiferenlial or single-ended
use with a +250mV iu I scale input range. In addlUon,
thls ADC fealures an on chip +2.5V precis on bandgap
reference. lf desired an externa reference can also be
used.
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Wandle! mit sukzessiver Approximation

Ue

DA-Wandler

Uin=Ue, i=3, Uda=O

=H, Uda=Uda+Uref/(2^i)

zi=L, Uda=Uda-Uref/(2^i)



+2.7 V, Low -Pow e r, 8-Cha nne I,
Serial 12-Bit ADCs

Detailed Description
The [ ,44X1 46/[ , , lAX1 47 analog'10'digi tal  converters
(ADCSl use a successrve-appror imation conversror
techn que and input tracldhold (T/H) circuilry to convert
an anaiog signal lo a 12 bi l  digi taloutput.  A f lexjble seF
ial inlerface provides easy lnterface lo microprocessors
(pPs).  Flgure 3 is a block diagram of lhe [ , , lAXl46/
MAX147.

P seu do-D itle re n t ia I I nput
The sampl ing archi lecture of the ADC s analog com
parator is i l luslraled in lhe equivalenl input circui i
(Figure 4).  In single'ended mode, lN+ is internal ly
switched to CHrcH7, and lN is switched to COM. In
dltlerential mode, lN+ and lN are selected lrom the fol'
lowing pairsi  CHO/CH1, CH2/CH3, CH4lCH5, and
CH6/CH7. Conligure the channels wilh Tables 2 and 3.
In dilferentjal mode, lN- and lN+ are inlernally swilched
lo ei lher of lhe analog inputs. This conf igurat ion is
pseudo dilferential to the effect that only the signal at
lN+ is sampled. The return side (lN-) rnust remain sta-
ble wi lhin 10.5LSB (10.11S8 for best results) with
respect to AGND during a conversion. To accomplish
this,  connect a 0.1pF capactor from lN (the selected
ana og inpul) to AGND.
During the acquisilion inlerval, the channel selected as
the posiiive nput (lN+) charges capacitor CHoLD. The
acquisilion inlerval spans three SCLK cycles and ends

on lhe faling SCLK edge after the lasl bil of the inpul
control word has been enlered. At the end of the acoui
sition interval, the T/H swtch opens, retain ng charge
on CHoLD as a samp e ol the signal al lN+.
The conveßion interual begins with the irput multiplex
er switching CHOLD from {he positive inpLrt (lN+) to ihe
negatve input ( lN-).  In single ended mode, lN is sim
p y COir. This unbalances node ZEFIO at the compara
toas input.  The capacit ive DAC adjusls during the
remaindef of the convers on cycle to reslore node
ZERO to 0V within the limils of 12 bit resolution. This
aci ion is equivalent to l ransferr ing a 16pF x l (VtN+) -
(VtN ) l  charge from GHoLD 10 the binary-weighted
capacitive DAC, which in lurn forms a digita represen
lal ion of the analog inpul s ignal.

Ttack/Hold
The T/H enters its tracking mode on lhe falling clock
edge afler lhe fiflh bit of lhe 8-bit controi word has been
shitled in- 11 enters ts hold mode on the falling clock
edge aiter the eighth bit of lhe contrcl word has been
shitted in. lf the converter is set up for singje ended
inputs, lN is connected to COM, and the converler
samples the "+" input. lf the converter is set up for dil-
ferenlial inputs, lN connecis to the r" input, and the
dif ference oi  l lN+ - lN- l  is sampled. Al the end of the
conversion, the positve input connecls back to lN+,
and CHOLD charges 10 the input signal-

cH2

sNaFB{Dm MCoE lNi = C.l€H7, l|l = Cü,!
DIFFEJIIiL M@e N+,|ND M SACIE Fmi, PÄjFS 0F

cH0/or1 cHzoB,cH4ror5 aNDql6/cti7.

Figwe I Equitalent InputCncuit
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+5V Single-Supply, lMsps, 16-Bit
Self-Calibrating ADC

-Detai led Desct ipt ion
Converter Operctlon

The [44X1200 is a 16-bil, monolithic analog'to'digital
converter (ADC) capable of conversion rales up to
1Msps. ll üses a müllislage, tully differential, pipelined
archilecture with digital error correclion and selt-cali-
bration to provide typically 91dB spurious Iree dynamic
ange at a lMsps sampling rale, ll also provides exceF
lent SNR and THD pertormance up to the Nyquast tre-
quency. This makes the device suilable tor applicalions
such as dala acquisi t ion, high resolut ion imaging,
scanneß, digilal communication, and inslrumentalion.
Figure I shows the simplified, inlernal structure ol tho
ADC. A swllched-capacitor, pipelined archilecture is
used lo digitjze the slgnal at a high throughpul rale.
The lirst lour slages of lhe pipeline use a low'resoluljon
quanlizer lo approximate lhe input signa. The multiply-
ing dlgitaflo-analog converter (MDAC) stage ls usod to
subtract lhe quant ized analog signal f rom the inpul.
The residue is then ampl i l ied wi lh a f ixed gain and
passed on to the nexl slage- The accuracy ol lhe con-
verler is improved by a digi la l  cai ibrat ion algoralhm
whjch correcls for mismatches between the capacitors
in the switched capacilor MDAC. Note that lhe pipeline

introduces latency of four sampl ing periods between
the inpul being sampled and the oulput appearing at
D15-O0.
Wlile the device can handle both single-end€d or dil-
ferentiaf inpuls lsee lhe Bequircments lor Relerence
and Analog Signal lnpuls section), the latter mode of
operation will guarantee best THD and SFOR perlor'
mance. The differenlial inpul provides the following
advantages compared lo a single-ended operation:
. Twice as mrch signalinput span
. Comrnon-mode noise immunitv
. Vnual eImrnatron ol lhe even-order harmonics
. Less stringenl requirements on the input signal pro-

cessing amplifleß

Bequircments tor Relerence
and Analog Slgnal lnpuls

Fully differential switched'capacitor circuils (SC) are used
for bolh the refe.ence and analog inputs (Fgufe 2). This
allows either single'ended or diffe.entia signals to be
used in the relerence and/or analog sional palhs. The
signal voltage on these pins (lNP, lNN, RFP- RFNJ
should never exceed the analog supply rail, AVoD, nor
lall below ground.

Fguta 1 lntenal Funchonal D^grdn

tvltxatYl



+5V Single-Supply, 1Msps, 16-Bit
Self-Calibrating ADC
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Figure 3. Equivalent lnput at the Reference A'ns. lhe sense
pins should nat dtaw any DC currcnt.
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Flgurc 2. Slnplilied MDAC Archtlecture

Choice ot Relerence
It is imporlant 10 choose a ow noise reference such as
the M4X6341, which can provide both excellent load
regulat ion and low temperature dr i f t .  The equivalent
inpul circu t for the reference pins s shown in Figure 3.
Nole thal lhe feference pins drive approximalely 1ka of
resislance on-chip. They aso drve a switched capaci-
tor of 21pF- To meet the dynamic perforrnance, the ref
erence voltage is required lo settle to 0.0015% within
one clock cycle. Carefu ly choose an appropiale dr iv-
ing circuit (Fgure 4). The capacilors at the reference
p i n s  ( R F P F ,  R F N F )  p r o v i d e  t h e  d y n a m l c  c h a r g e
required durlng each clock cycle, whj le the op amps
e n s u r e  a c c u r a c y  o f  t h e  r e i e r e n c e  s i q n a l s .  T h e s e
capacitors must have low dielectric-absorption charac-
terislics, such as polyslyrene or teflon capacitors.
The reference pins can be connected to either single-
ended or differenlia voltages wilhin the specified maxi
mum levels. Typically lhe posilive reference pin (RFPF)
would be driven to +4.096V, and the negative reier
ence pin (RFND connected to ana og ground lor best
SNq oedormance. l l  FID perlormdnce is more impor-
lant to the application ihan signalto-roise ratio, choose
a lower level,  di t ferenl ial  vo tage such as VRFPS =
+3.5Vand VBFNS = +T 5V
There are sense pins, RFPS and BFNS, whlch can be
used with exlernal ampl i f iers to compensate for any
resistive drop on these lines, internal or external to the
chip. Ensure a correct reierence voltage by using prop-
er Kelvin connections at the sense pirs.

Common-Mode Voltage
The swilched-capacitor input circu I al lhe analog inpul
allows signals between AGND and the analog power
suppy Since the cornmon-mode votage has a strong

Figute 4- üive Circuit lat Reference Pins and Connon-Mode

inf luence on the performance of the ADC, lhe best
results are oblained by choosing VCM = (VRFPS +
VRFNS) / 2. This can be achieved by using a resistive
divider between the two relerence potentials. Figure 4
shows a rypical driving crrcuil for good dynamic perioF

lvttxtly,





Signa-Della-Wandler 1. Ordnung
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ANALOG
DEVICES

16-Bit 900 kSPS >-Ä ADG with a
Programmable Postprocesor

A07725
FEATURES
Programmable Filtering:

Any Characteristic up to 108 Tap FIR and/or llR
PolynomialSignal Condit ioning up to 8th Ord6r
Prog.ammable Decimation and Output Word R5t6
Fl€xibl€ Programming Modesr

Boor from DSP or External EPROM
Parallel/Seriäl Interlace

Internal Delault Filler for Evaluation
14.4 MHz tlax Master Clock Frequ6ncy
0 v to+4V {Single-Ended) or !2V {Differentisl) Input

Rang€
Power Suppli€s: AVD' DVDD: 5 V ! 5%
On-Chip 2.5 V Vohsge Ref6r6nc€
44-kad MOFP Package

TYPICAL APPLICATIONS
Badar
Sonar
Auxiliarv Car Funstions
Medicäl Communicat ions

GENERAL DESCRIPTION
The 4D7725 is a coßplete I 6 bit, :,-^ analog-ro-digital con-
vener Mth otr chip, user progranunable sigul conditioning. The
ouFur of the modulator is prccessed by thtee qscaded finire
impülse lesponse (FIR) filt€ß, follos,€d by a tully usd-prcgEß
mable ponp_oce.sor. The poarp'oceqsor pronds proLes"hg
power ofup ro 130 dillon accumülates (MAC) p€r s€cond. The
user has complete contlol ove. rhe filter .esponser dre filter coefr-
cients, and üe deciDaüon mrio.

The postprccesor pemits the signäl conditiodng characrens-
rics ro be prcgianmed rhroud a paraltel o. serial inrerface. It
is prcsramed by Ioading a user-defircd filre! in üe fom of a
confiswtion file. This filter cas be loaded ftom a DSP or an
extemal serial EPROM. h is senerared using a digital fürer
desisn package called Filre. Vizaid, which is available ftom nhe
4D7725 secdon on üe Analo! Devic€s website.

FT'NCTIONAL BLOCK DIAGITAM

övÄE/rm

Es33E3ä3

E EEAEE

Fürer V;ard aüo* üe user ro design ditrerenr filrer rypes
and generates rhe approp;ate coh6guration file to be do$,n-
loaded to the postprocessor. TheADT?25 also has an intemal
defa r 6rrer for evaluation purposes.

II p.ovides I 6 bit perforrnance for input baDdwidths up to
350 kHz with an output word rare of900 kHz nuimum. The
inpul sample tare is sel either by ihe crystaL oscillator or an

This pan has an accurate on-cbip 2.5 V reference for the modu-
lator. A reference inpu/output funcrion allows either the
intemal reference or an extemal system reference ro be used as
üe .eference soürce for the modularor.

The device is aväilable in a 4+led MQFP packase and is speci-
fi€d ove! a -40'C to +85'C teßpeßm.e 6ge-

REV. A

Information turnished by Analog Devi@s is beliwed to be amur€re and
reliable. However, no responsibilily is assumed byAnalog Deviesior lts
use. norforany iniringementsof patents orolhef righrs of third p.ni6that
may resultrrom its use. No licen* is granred by impliGtion orotheßise
under anY patenr or parent rights of analog Devices, Trademarks and
r€gistered lrademarks are the proper./ ot their €spective owners.

OneTeclrnologyW.y,P.O- Box 9105, No ood, MA 02062-9106, U.S.A.

Fäx:78i1326-8703 @2004Analos D€vic.s, Inc.All rishtsrss€w.d-
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tl8-Bit ADC with Serial lntertace

Genetal Description Features
The MAX132 is a C[4OS, 18-bit plus sign, serial oulpul,
analoo to digital converter (ADC). Multi-slope integra-
lion provides high-resolution conversions in less lime
than siandard inlegrating ADCS, allow ng operaiion up
to 100 conversions per second, Low conversion noise
provides guaranteed operation with a512mv full-scale
input range (4lVlLSB)- A simple 4-wire serial interface
connecls easily lo a I common microprocessors, and
twos-complement output coding simplifies bipolar mea-
suremenls. Typical supply currenl is only 60pA and is
reduced to 1[A in sleep mode. Four ser ial ly pro-
grammed digi lal  oulpuls can be used lo control  an
exlernal mult ip lexer or programmable gain ampl i f ier.
The l\,44X'132 comes in 24-pin nafiow DIP and wide I
packages, and is available in commercial and exlend-
ed lemperalure grades,

High resolution, compact size, and low power make this
device idea for dala loggers, weigh scales, data-acqui-
sition systems, and panel melers.

Low Supply Cu.renl:
60FA (Normal Operation)
1 UA (Sleep-Mode Operalion)

tO.006% FSR Accuracy at 16 Conv/s€c
Low Noise: 1SpVRMS

Serial l/O Interface with Programmed Outpul to?
Mux and PGA
Performs up to 100 Conv/sec

t2pA Inpul Cuircnt

50Ht60Hz Belection

=

x
g|
N

a

I

I

I

Bemote Data Acquisition
Battery-Powered Instruments
Industrial Process Conirol
Transducer-Signal Measuremenl

Pfessure, Flow, Temperature, Voltage
Current. Resrstance, Weighl

Applications

Functional Diagram

Ordering tnformation

' ConEct tacto* tot dice soecitications.
" Contact lactory fot availability and processing to MIL SfD 6A3

Pin Contiguntion

6 ajroL
scl( NrouT

o" *'
Dq,,T FE:.

^/lrxt/vt ^N
MAt132

pO lN LO

Pr lN tl

P Z \

P3 0cll0
c6c1 c6c2

tlltxltul uaxlm Integated Prcducts 1

PART TEMP. RANGE PIN-PACKAGE
MAX132CNG 0t io r /0t 24 Narrow Baslic OIP
MAX132CWG 0€to +701) 24 Wde SO
|\,14X132C/D o'Cto +70t Dice'
^,lAX132ENG -40'C lo +8511 24 Nanow Plastic DIP
MAX132EWG 40tto +85qC 24 Wde SO
I\,AX132MBG -55$ lo + 12511 24 NarowCfBDlFr'

ON

scLx

GC2

ECC

DGl.l0

INTIN

INLO

INHI

DIPTSO

Call tolt trce 1-800-998-8800 tor free samDles or literature.



!18-Bit ADC with Serial lntertace

1660mV lor 60Hz mode ooeration or between 1390mV
and 1550mV ior 50Hz mode operalion. The pseudo
d ifereniial inpLrt voltage is appled across pins 14 and
l5 ( lN Hl,  JN LO), and can range to within 2V of ei lher
supply rail.
The inputs lN Hl and lN LO lead direclly to Cl\rlOS tran
sisior gates, yielding extremely high input irnpedances
that are uselul  when convert ing s gna s from a high
inpul source impedance, such as a sensor. Inpul cur
fenis are only 2pA lypical at +25t. Figure 6 shows arl
BC f i l ter at  lhe inpui to opl imize noise performance.
Fault protection is accomplished by the 100kO series
resistance. Internal proteclion diodes, which clamp the
analog inputs from V+ to V, al low the channel input
pins 10 swing from (V' - 0.3V) to (V+ + 0 3V) wilhoul
damage. However, if lhe analog input voltage at ihe
pins lN Hl or lN LO exceed the suppj ies. I imit  the cuf-
renl i r to l1e device to less than - rA, as e{cessive cur
renl wi i ldamage the device.

Rete tence V ol tage Se Iect ion
The reference voltage sets the analog input voilage
range. Forlhe nominal 1512mV ful l -scale inpul range. a
545mV relerence vol lage is used for the 60Hz mode
and a 655mV reterence voltage is used in the 50Hz mode.
The refe(ence vohage can be calculated as follows:

60Hz [4ode: \hEF =

or

50Hz tvode: \hEF =

(s4s counts) (512) VNFS)
262144

(655 counrs) (512) VN(Fg)
262144

=

x
o)
NThe recommended reference voltage range is 500mV

to 700mV. The l \ ,44X132 s lested wi lh the nominal
545mV reference voltage in 60Hz mode. Use amplifiers
or atlenuators (resistor d viders) to scale other lull-scale
input signal ranges to the recommended 1512mV ful l
scale range.
References outside the recommended range may be
used with a degradation of iinearily. A reference volt
age from 200mV to 500mV will result in a lower signal
io-noise ralio;a relerence vollage lrom 700mVto 2Vwill
increase the roljover error.
The MAy.872 2.50V refefence, with its 10UA supply cur
renl, s ideally suiled for the MAX132. Figure 7 shows
how 2.50V can be divided to oblain the desi.ed refer-
ence voltage. The reference input accepts voltages
anywhere wi lhin the converter 's power supply range;
however, lor best perlormance, neilher REF+ nor REF-
should come within 2V oi lhe suDolies.

wtAXlA/1
Mlx132

Figurc 5. Analog Section BlockDiagran
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