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Ideale Kennlinie eines 3Bit- Absolute Linearität
Wandlers
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Best-Line (integrale) Lin. Endpunkt Linearität
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0,6LSB integrale Linearität
und lLSB differentielle
Linearität
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Parallelverfah ren
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Wägeverfahren
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Realisierung mit geschalteten Stromquellen
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Block- und Prinzipschaltunr

DAC0800 (Maxim)



Pulsweitenmodulation (AtmegaS), Atmel
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./yl./l)(.l./Y,
Low-Pow er, DLtal, 1 0-Bit, Voltage-Output DACs

with Serial lnterface

General  De scr iDt ion Featutes
The l \4AX51 58/[ ,4AX5159 ]ow-power, ser ial ,  vol tage- |  10-Bi l  DuatDACwith InternatGain ot+2V /
ouloul.  dual,  1o-br l  drgi lal  lo ana,og converle, '  /nÄ^-,
consume on,y 5uouA -ro- a srng e -sv rrvrixii!äiäi i Bail-to-Rail output swing
+3V^(M4X5159) supply. These devices fealure Rail-to- | 8Fs Settling Time
FlarlG) outpul swing and are avai'able in a space-savng
16-pin oSoP pacäge. To maximlze aynamä äje, tnä ' single-suPply operation: +5V (l!14X5158)
DAÖ ouFut aäplineÄ are conligured with an interÄlgain +3v (M4x5159)
of +2Vlü l Low Quiescent Current: 500uA (normal operation)
The 3-wire ser ial  in ier lace is SPIrM/QSPITM and 2uA {shutdown mode)
M i c r o w i r e r v  c o f f p a l i b  e  E a c h  D A C  h a s  '  ^ ^  a r i
buffered inpur orgänized as an input ,egiste, öttäiää üy ' sPl/osPland Microwke compatible

a DAC register, which allows the inpul and DAG regislerc a Available in Spacesaving l GPin OSOP Package
lo be updaled independent ly or srmultaneorrL - iF r
16-bl seriatword. Additionatteatures inctuoeääu,q o,ol 

' PoweFon Reset clears Registers and DAcs lo zero
gramrnable shuldown, hardware-shutdown lockoul, a I Adjustable Output Otfset

=

xgt

t t
6

t
x
ttl

qr
(o

separale reference-vol lage input for each DAC that
4qqepts AC and DC signals, and an active-low clear input
(CL) lhal resets all registers and DACS to zero. The
[,14X5158/l\rlAx5159 provide a proqrammable logic pin
for added funclionaiily and a serial-data output pin for
daisychaining.

Ordering Information

PAFT TEMP. BANGE PIN.PACKAGE
MAX5158CPE oqc ro -/0{- 16 Plaslic olP
MAY5158CEE 0tlo +70rc 16 OSOP
[,lAX5158EPE -401lo +85'C 16 Plaslic DIP
MAX5158EEE 40'C lo +8511 16 OSOP
[, lAX5'58N|JE -551]  lo  + 25 'C 16CFFDro'

Oftleing lntonation continued at end ot data sheeL
'Codact tactory tor availabiliA.

Appl icat ions
DigitalOlfset and Gain Adiuslmenl

UP-Controlled Systems
lüotion Conlrol
Bemole Industria Conlrols

Functional Diagram

CS DN SCTK LIPO

ArIttxt,,t/l
MM5158
MAX5159

Bail to Bail is a rcgistercd tadenatk ot Nippü Molorcta Ltd. Micrcwne is a tadenatk ol National &niconductot Co.p.
SPI and QSPI are tradenarks ol Motorcla. lnc.

^utxt^fr1 Maxim lntegntecl Proclucts 1

For tree samples & the latest literature: http://www.maxim-ic.com, or phone 130&99&8800
For small oders, phone 408-737-7600 ext. 3468-
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Conlinuous Power üssioalion (Ta = +70'C)
Prastic olP (derate 105mw$ above +7or) .........-.a42mw
osoP (derale 830mwrc above +70c)...................657mw
GEFDIP (derate 10.0omW'c above +70C)..............600mw

Operalinq TempeGlu€ Fanges
MAx5l5-_C E.. . . . . . . - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - - . . . .0t1o +70€
MAXsl5 E E.--...---...---..----..----..,-....--.........-4OC"lo+a5t
MAX515 MJE... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - . . . . . . .  55$lo +l?5C

slolag€ Temperarurc Range............--..----.........-65€ lo +160€
L6ad T€mperaturc (soldedng, 1os€c).............................+300t

gees beyond lte üsted undet'/tbsotde Mü\nn fbtL.gs" My cN.. petwwt danage to the devbe. nw arc stres atiEs d'ty, 4xr hftnMl
op'tztlon o! t,\€ d*ica at th6e ot anf othet cdrdtiare berond thoe indk:aled in lho öpmnoMl wlions .n IE sp4ntat@ js nol in9red E pM lo
absold. natihm Atilg cöNitiM tü enended penads nay allecl devha ditbilirt.

ELECTRICAL CHABACTERISTICS_MAX51 58
(Voo = +5V 110./", VREFA = VRE€ = 2.048V, BL = 10kQ, CL = 10OpF, TA = TMN lo TMAX, unless olheMise noled. Typlcalvalues are
alTA- +25f (OS_ lied lo AGND ior a gain oi +2Vl9.)

Low-Power, Dual, 1O-Bit Voltage-Output DACs
with Serial Intertace
ABSOLUTE MAXIMUM RAllNGS
VDo lo AGNO-. . - - - - . . . . . . . . . . . . . . . . - - - - . . - - - . . . - . . - . . . . . . . . . . . . . . . . . . . . . { .3V to +6V
voo ro DGNO ........................................-....---...-.......{.3V ro +6V
AGNDIo DGNO.. . . . . . . .  - . . . . . - . . , . , - . . . . . . . ' - . . . . ' . . . ' . . . . . . . - . . . . . . . . . . . . !0 .3V
OSA, OSA lo AGNO.--....--...............(AGNO -aqb (VDo + 0.3V)
BEF- OUT to AGNO...-....-..'-..-.-...'0.3Vlo (voo +.0.3V)
Dagirallnpuls (scLK, DlN, cs, cL, PDL)

to oGND....--...-.............---...---....-.... .... ...........C0.3V to +69
Digiral ourpurs (DouT, uPo)

ro DGND......................................-.....-... 0.3V to (VDo + 0.39
Marimum Cursnr 'nlo Any Pin.......-.................................!2OmA

PAAAMETER SYMBOL CONDITIONS MIN TYP MAX UNIfS

STATIC PEAFOBMANCE
1 0 Blts

lnleg ral Nonlineadly INL (Nore r) L58
Difi erential Nonlinearily DNL Guaranleed rnonolonic LSa
Ot{s€t Enor Code - 2 t6

TCVos Normalized io 2.048V 4 ppm/€
Gain Eror -0.1 LSA

ppm/C

PSRR 20 260

BEFEFENCE INPUT
Relerence lnput Bange FEF 0 \bo - 1.4
R€tersnce Inpul Resislance Mlnimum wilh code 1554 her 1 8 25 ko
Il|UITIPLYING.MODE PEBFOFMANCE

Betsrence 3dB Bandwldlh
Inpul code = 1FF8 hex,
VREF = 0.67vp-p al0.75vDc 300

Belsrence Feedthrough
Input code = 0000 hex,
VBEF = (VoD - 1.4 Vp-p) al lkHz

-42 da

slgnal.lo'Noise plus
Distorlion Flatio SINAO

Inputcode = l FFtl h€)(,
VREF = 1vp'p ai 1,25vDc, f = 25kHz

75 d B

OIGITAL INPUTS
npui High Vollage cL, Por- eS, DrN, scLK 3

eI, PDL-, eS, orN. scll< 0_8
200

nput Lear€ge Cunent lN 0.001 !t
CN a

tYatxltY,



Low-Power, Dual, 10-Bit Voltage-Output DACs
with Serial lntertace
ELECTRICAL CHARACTERISTICS_MAX51 59
(vDD = +2.7v to +3.6v, VF€FA = VREFB = 1.25v, BL = 10ko, CL = 100pF, Ta = TM|N to TMAX, unless olhe is€ nol€d- Typicslvalues
are atTa= +25t (OS_ pins ti€d to aGND for a gain ol+zVM.)

c')
ro
lfl

x
=
€
r{t

ro
x
E

STATIC PEBFORMANCE

MULTIPLYING-MODE PERFORMANCE

DlGlTAl ||'IPUTS

DIGITAL OUTPUTS

DYNAUIC PEAFOFUANCE (DOUT, UPO)

2.7V< \,oD < 3,6V

REFEAENCE INPUT (VREN

Relerence Inpul Fange
Minimum wilh cod€ 155E hexRel€renc€ Inpul R€slstanco

lßputcode - 1FF8 hex,
VREF = 0.67\b'p al0.75voc

Input code - 0000 her,
VFe: = ryoD - 1.4)Vp-p al l kHz

R€!erence 3dB Bandwidlh

Reterence Feedlhrough

lnputcode = 1FF8 hex,
VF€F - lvp-p al 1Vc6, | - 15kHz

Inpul High Vollage cL, PDL, eS, otN, scLK
c-1, -DL dS, orN scLK

Inpul Leakage Cuffsnl

0_r3 0.4

To 1/2LSB ol lull-sc8l€, VsrEp = 2.5V

OSA or OS8 |m|x Bssistance
ljm€ B€q'rtsd tor Valid
Op€ralion afi er Shuldown

eS = VDo,lorN - lookHz, VscLK = 3vp-p

tylAxt/5



Low-Power.Dual, 10-Bit,

Pin Descr ipt ion
PIN NAME FUNCTION

AGND

2 DAC A Output Vonage

3 os,A OAC A Oflsel Adjuslmenl

5 CL
Active.Low Cear Input. Besets allreg
islers to zero. DAC oulpuls 90 lo 0V.

6 es
DIN Serlal Dala Input

a SCLK Ser la lCloch Inp! l

DGND Digita Ground

10 DOUT Serlal.Dara olip!t

UPO User-Progmmriab e Outp!t

1 2 FOI PowerDown Lockoul ]he device can
nol bepowered down when FDais ow.

l 3 REFB

OSB DAC B Ofiser Adjuslmenl

1 5 OUTB DAC B Oulpul Vollage

1 6 vDo Posilive Power Slpp y

Deta i led De sc r io t ion

Voltage-Output DACs
with Serial Interface

=
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The l \ ,44X51 58/|VAX51 59 dual,  10 bi t ,  vol tage outpul
OACS are easily conligured with a s-wire serial inter
face. These devices inclLrde a 16 bi l  dala in/dala-out
shiJt  regisler,  and each DAC has a double-buffered
inpul composed of an input register and a DAC register
lsee Functional Diagran). In addition, trirnmed internal
resisiors produce an inlernal gain of +2VlV thal maxi
mizes outpul voltage swing. The amplifier's oäset adjust
pjn allows Jor a DC shitl jn the DACs oulpul.
Both DACS use an inverted R 2R adder network thal
produces a weighled voltage proporlional to lhe inpul
voltage value. Each DAC has lls own reference inpul lo
l a c i l i t a t e  i n d e p e n d e n t  t u L l - s c a l e  v a L u e s .  F i g u r e  1
dep cls ä simpl i i ied circui t  diagrarn of one of lhe lwo
DACs.

Beferehce Inputs
The reterence inpuls accept both AC and DC values
with a voltage range extending lrom 0V to (Voo 1 .4\4.
Delerrr i ' le l \e oulpul volrage -s rg lha rol  owi ' lg eqJa-
l ion (OS = AGND):

Figue 1. Smptttied DAC CncuilDiagnn

VOUT= (VREFx NB / 1024) x 2
where NB s the numeric va ue ol the DAC'S binary lnpul
code (0 to 1023) and VBEF is the reference vollage
The reference input impedance ranges from 18kQ
(1558 hex) lo several giga ohms {with an input code oi
0000 hex).  The reference input capacitance is code
dependent and typical ly ranges lrom 15pF wi lh an
input code of all zeros to 50pF with a full scale input
cooe.

Output Amplilier
The outpul amp ifiers on the i\,4AX5I58/M4X51 59 have
internal reslstors thal provide lor a gain of +2VlV when
OS is connecled to AGND. These resislors are
tr immed to minimize gain error.  The outpul ampl i f iers
have a typical  s lew rate of 0-75V/[s and sett  e lo
1/2LSB wilhin 8!s, wilh a load of 10kO in parallel with
100pF. Loads less than 2kQ degrade performance.
The OS pin can be used to produce an adluslable olf
set vollage al the output. For inslaace, lo achieve a 1V
offset, apply -lV to the OS_ pin to produce an outpul
range from 1V 1o (1V + VREF x 2). Note lhal the DAC'S
outpul range is st i l l  imrted by the maximum outpul vol l
age specilicalion.

Power-Down Mode
The MAX5158/MAX51 59 fealure a sotlware'program-
firable shutdown rnode that reduces lhe typical supp y
current lo 2UA. The two DACS car be shutdown inde
pendenl ly,  or s imul laneously uslng lhe approprlate pro
gramming command. Enler shutdown mode by writing
the appropriale inpul control  word (Table i ) .  In shut-
down rnode. the feference inpuls and ampl i f ier oul
puls become high impedance, and the serial interface

^/q)xat/,



Low-Power, Dual, 10-Bit, Voltage-Output DACs
with Serial Interface

Table 2. Unipolar Code Table (Gain = +2)
DAC CONTENTS

MSB LSA ANALOG OUTPUT

1 1  1 1 1 1  1 1 1 1  ( 0 0 0 ) **[i#?J".
1 0  0 0 0 0  0 0 0 r  ( 0 0 0 ) **l#;J'"
1 0  0 0 0 0  0 0 0 0  ( 0 0 0 ) ."*[#)" = "*,
0 r  r 111  1 r r1  ( 000 ) -"* .1. ,o j^,

0 0  0 0 0 0  0 0 0 1  ( 0 0 0 ) ."-.1#'l
0 0  0 0 0 0  0 0 0 0  ( 0 0 0 )

ttote: | ) arc tor the sub bits

Seial-Dala OutDut
The serial-data outpul. DouT. rs the Internal shift re6rs-
ler's oulpul. DOUT allows for daisy chaining of devices
and dala readback. The MAX5158/l\.]|4X5159 can be
programmed to shi t l  dala oul of  DOUT on SCLK s
falling edge (l\,lode 0) or on the dsing edge (Mode 1).
Mode 0 provides a lag ol 16 clock cycles, which main'
tains compalibllily wilh SPTOSPI and Microwire inter-
faces. In Mode 1 ,  the output data lags 15.5 clock
cycles- On power-up, the device defau ts to lvode 0.

User-Programmable Logic Output (UPO)
UPO allows an extemal device to be controlled lhrough
the serial inlerface (Tabie 1), thereby reducing the num-
ber of microconlrol ler l /O pins required. On power-up,
UPO is low.

Powet-Down Lockout Input (PDE)
The power-down lockout pln (PDL-) disables sottware
shuldown when low. When in shuldown, transltjoning
PDL hom high lo low wakes up the part walh the output
sel lo lhe slale pr ior lo shuldown. PDL can also be
used lo asynchronously wake up the device.

Daisy Chaining Devlces
Any number ot MAXsI58/MAX5] 59s can be daisy
chained by connecling lhe DOUT pin of one device lo
lhe DIN pin ot the following device in the chain (Figure 7).
Snce the lvlAy\51584r4X5159's DOUTpin has an intemal
active pullup, the DOLiT sinldsource capability deter
m nes the time required to d scharge/charge a capacitive

Figwe 9. Unipolat Ourput Circuit (Bail to-Bail)

Mr'J(l'l58
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Figurc 10. Settng aS tu Output Oftset

load. Refer to the digjtal outpul VOH and VOL specilica-
lions in ihe E e c tr i c a I C h arac te i si c s.
Figure 8 shows an allernate melhod ot connecling sev
era [ i4X5158/|VAX51 59s. In this cont igural ion, the
dala bus is common to all devices; dala is not shifled
through a daisy chain. More l/O lines are required in
lhis conl igurat ion because a dedicated chip-selecl
inpul {CS) is required for each lC.

Applic at ions t ntorm at ion
Unipolat Output

Figure 9 shows lhe MAX5158/l!14X5159 conligured for
unipolar, rail'lo-rail operatjon wlth a gain ol +2v,4y'. The
[,14X5158 can produce a 0v to 4.096v output with a
2.048V relerence (Figure 9),  whi le lhe MAX5159 can

^flttxlall




