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Calibrated Quad 12-Bit

Voltage-Output D/A Converters

. General Description

The MAX526/MAX527 contain four 12 bit, voltage-output digi
tal to analog converters (DACs). Precision output buffer
amplifiers are included on chip to provide voltage outputs.
The MAX527 operates with 5V power supplies, while the
MAX526 utilizes 5Vand +12V to +15V supplies. Offset, gain,
and linearity are factory calbrated to provide the MAX526's
1LSB total unadjusted error (TUE).

These devices feature double buffered interface logic with a
12 bitinput register and a 12-bit DAC register. Datainthe DAC
register sets the DAC output voltage. The MAX526/MAX527
have an 8 bit wide data bus. Data is loaded into the input
register using twowriteoperations withan 8 bit LSB write load
and a 4 bit MSB write load. An asynchronous load DAC
(LDAC) input transfers data from the nput register tothe DAC
register. All logic inputs are TTL and CMOS compatible.

The MAX526/MAX527 are available in 24 pin, 300 mil plastic
DIP, Ceramic SB, and wide SO packages.

. Applications
Minimum Component Count Analog Systems
Digital Offset/Gain Adjustment
Arbitrary Function Generators
Industrial Process Controls
Automatic Test Equipment

Functional Diagram
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Features

4+ Reference Input Range Includes Ground (C, D grades)
4 Full 12-Bit Performance Without Adjustments
¢ 1LSB Total Unadjusted Error (MAX526)

¢ Buffered Voltage Outputs

¢ Fast Output Settling
3us for MAX526
5us for MAX527

¢ Double-Buffered Digital Inputs
¢ Microprocessor and TTL/CMOS Compatible
4 15V Supply Operation (MAX527)

Ordering Information

INL
PART TEMP. RANGE  PIN-PACKAGE (LSBs)
MAX526CCNG  0°Cto +70°C 24 Narrow PlasicDIP ~ +1/2
MAX526DCNG  0°C to +70°C 24 Namow Plastic DIP~ +1
MAXS26CCWG  0°C to +70°C 24 Wide SO *+1/2
MAX526DCWG  0°C to +70°C 24 Wide SO *+1
MAX526DC/D  0°C to +70°C  Dice* +1
MAXS26CENG 40°C to +85°C 24 Narrow PlasticDIP~ +1/2
MAXS526DENG 40°C to +85°C 24 Narrow Plastic DIP +1
MAXS26CEWG 40°C to +85°C 24 Wide SO +1/2
MAX526DEWG 40°C to +85°C 24 Wide SO +1
MAXS26CMYG  55°C to +125°C 24 Namow Ceramic SB*  +1/2
MAXS526DMYG  55°C to +125°C 24 Narrow Ceramic SB**  +1

Ordering Information continued on last page.
* Cantact factory for dice specifications.
** Contact factory for availability and processing to ML STD 883.

Pin Configuration
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MAXS526/MAXS527

ABSOLUTE MAXIWM RATINGS MAXS26

Calibrated Quad 12-Bit
Voltage-Output D/A Converters

Voo 1o AGND or DGND. ... 03V 417V Wide SO (derate 11.76mW/°C above +70C)............... 64 7mW
Vss to AGND or DGND ... - ceee TV, 1003V Ceramic SB (derate 14.20mWC above +70°C).........1 143mW
Digital nput Vollage 1OAGN00( DGNO -st Voo +0.3v Operating ‘lanperalua Ranges
VREF 10 AGND or DGND .......c.occocrmncinnnns ..-0.3Vv. Vpp + 0.3v MAX526_C_G .. reeeemcsemennans snesnnes aeeeeens 0°C 10 470°C
VOouT to AGND or DGND... cerenn - -.VDD, VSS MAX526 E G.... ....40°C 10 +85°C
Maximum Current into Any Pn cemare et mnns SOMA MAX526_MYG ............. ... B5C 0 +125°C
Continuous Power Dissipaton (TA = ’70'0 Sworage Tempevame fhnge ... 65°C to +150°C
Plastic DIP (derate 13.33mW/°C above +70°C)... ........733mW Lead Temperatwe (soidering. 10 sc) ................. +300°C

sessummsmm‘mmmms may cause permaneni damage lo he device. Ihegnm rasngs only. mdhmml

operation of the device al these a 2y other candidons beyond thase indicaled in ihe operational sections of the PeCKC 5 not wrplad
absdule maxmum ralig condifons forexiended peods may alect device refiabiny
ELECTRICAL CHARACTERISTICS - MAXS526
(VoD = +15V.VsS= 5V, VREF = 10V, AGND = DGND = OV, Ta= Tamin 10 Tmax, uniess otherwisenoted )
PARAMETER [ SYMBOL | CONDITIONS | MIN TVP MAX |[UNITS
ﬁwme PERFORMANCE - ANA Sk, C = 100pF)
Resolution 212 Bis
MAX526C =1.0
MAX5260 g 220
MAX526CC 220
Total Unadjusted Error MAX526DC 3.0
(Note 1) TUE  MAXs26CE 225 | 'S8
MAXS526DE 235
MAX526CM 23.0
MAX526DM 240
. MAXS526C £0.15 =050
Integral Nonlineari y INL MAXS260 = LS8
Diflerersal Nonlinearily ONL Guaranteed monotonic 21 LS8
| MAX526C 1.0
MAX5260 | 220
MAX526CC 20
MAX526DC 230
OfisetEror MAXS 26CE 25 LSB
MAXS 26DE 235
MAXS526CM 230
MAXS5260M =40
MAX526_C/E/M.RL == =10
Gain Error MAX526_C/E 1.5 LS8
MAX526_M 220
aGainJavpp | Voo from +108V b +16 5V +0.001 20.01
=9 AGaVAVSS | Vg from 45V 10 5.5V +0001 2001 |
omeiSLpoN SN0 A0fseUaVpp | Voo fiom +10.8V b +16.5¢ Ta= +25C 20007 20075 -S8*
| a0itetavss | Vss fom 45V 55v 0003 +0.03
MATCHING PERFORMANCE |
Total Unadpsted Error MAX526C . 210 i
(Note 1) L2 MAX526D Ta=+25C =TT e
Gain Eror Ta= +25°C 0.1 =10 LS8
MAX526C 05 =10
Offset Error MAXE250 Ta=+25C 05 220 Ls8
Inte gral Nonlinearity INL Ta= +25C 02 =10 | LSB
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MAX526/MAXS527

Calibrated Quad 12-Bit
Voltage-Output D/A Converters

ELECTRICAL CHARACTERISTICS - MAX526 (continued)

(Vo 0= +15V.Vss = -5V, VR EF= 10V, AGND = DGND =

OV, TA = TMIN 10 Traax. unless otherwise noted )

PARAMETER | SYMBOL | CONDITIONS MIN  TYP  MAX | UNITS
REFERENCE INPUT (Note 2) E—
R eferencdnput Ranae REF | 0 Vop-4! VvV
Referencelnpu R esi st ance R REF _1— 5 k2
MULTIPLYING MODE PERFORMANCE R
R cferenc@dB Bandwiot_h | ™ Kz
VREF = 1CVp-pat 100
100HZ
Ref erenceF eedhmough Input code = all 0s 10V ._ua—l_ o = dB
_ 4C00HZ
Taral Harmomic Distortion TiHD+N VREF = 2Vp p at 50kHz 0012 %
plusNoise e | - 1 ey
DIGITAL INPUTS
Input High Voltage View | 24 v—
| Inout Low Voltage | v c8 | Vv
| Inout Leakage Cu rren: In Vi_=0Vor Voo 1.0 pA
Input Ca_pacitance 1 cow (Note 3) N - 0 ., #F
| DYNAMIC PERFORMANCE (Ry = 5kQ, CL = 100pF) I
| Voltage Outout Slew Rate | i ) 5 | Vs
.Output Setting Time ' 7 £1/2LS8B of ‘ull scal e - ns
Qi V.
Digital F eedthrough o o - S5 _ S__.
ial Crosslak [ : 5 nv_s
POWER SUPPLIES
Posilive Supply Range o+ Voo | 108 65 | _V
Neaaive Su pp Range | vgs 45 55 vV
- 405 1
Positive Supply Cu rrent oo (Note 4) Ta=1+25C M :;(8) mA
—Ta=328C 8 18 _ 'T\A—
|£egal~e Supply Curr ent Iss (Note 4) 2% '
— pu—1 -
Note 1: TUE is sp ecifiedwith noresistive load.
Note 2: See Reference Input section.
Note 3: Guaranteedby de sign Not p roductio tested.
Note 4: Digital inp utat 2.4 Vwilh digital inputs at OV, Ipp decreases typically by 1.5mA at +25°C.
TIMING CHARACTERISTICS - MAX526
(VD o= +15V, Vss = 5V, VR EF= 10V, AGND = DGND = 0V, Ta = Taan to Tmax, unless othe rwig noted.)
! PARAMETER | symsoL | CONDITIONS | MIN  TYP  MAX r UNITS ]
| CSPusewich 1 = ] _ L 100 ns
WR Fulse Width P 100 . ns
T3 to WR Setup [ _tews | o _ _ns_ J
TS 10 WR Had 11— own | . IR ns
Data Va lido Wi Setup s | 5 e_
Dana toWRHo' d | pm 10 o ns
| LDAC Pu_IséWidih (1,5 _120 _— ns _
|_Addr essto WR Setup las 25 e ns i
~ Addr essto WH Hoid A _0 _ns
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MAX526/MAXS527

ABSOLUTE MAXIMUM RATINGS - MAX527

Calibrated Quad 12-Bit
Voltage-Output D/A Converters

VDD IO AGND Or DGND ... e -0.3Vv, +12V Wide SO (derate 11.76mW/°C above +70°C).......... 647TmW
Vssto AGND or DGND ..........ccoovvennnn, vV, 10 0.3V Ceramic SB (derate 14.29mW/°C above +70°C)......... 1143mW
Digital Input Voltage to AGND or DGND 0.3V, Vpp + 0.3V Operaling Temperature Ranges
VREF to AGNDto DGND ... ............ veerenneas0.3V, VDD + 0.3V MBRBDE: O vsrmneissncasiviimassrmususssssinisosinrisasnig 0°C to +70°C
Vour to AGND to DGND .......c.cooveeirieecicrceis s VDD, Vss MAXBZT BB crvisecomuissayinisanvissesvigseripanias -40°C 10 +85°C
Maximum Current into Any Pin............... D 50mA MAX527_MYG ... .. ‘ sssmisnninsnis DG 10 +125°C
Continuous Power Dissipation (Ta = +70°C) Storage Temperature Range ................. .-65°C to +150°C
Plastic DIP (derate 13.33mW/°C above +70°C) ............ 733mw Lead Temperature (soldering, 10 sec) ...+300°C

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage o the device. These are stress ranngs only, and functional
operation of the device at these or any other conditions beyond thosa indicated in the operational sections of the specifications is not implied. Exposure fo
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS - MAX527

(VDD = +5V, Vss = -5V, VREF = 2.5V, AGND = DGND = 0OV, TA = Tmin to TMAX, unless otherwise noted.)

PARAMETER | symsoL CONDITIONS | MiN  TYP mAX [UNITS
STATIC PERFORMANCE — ANALOG SECTION (RL = 5kQ, C = 100pF)
Resolution N 12 Bits
MAX527C +0.15 +0.50
integral Nonlinearity INL VIAXE27D Y LSB
Differential Nonlinearity DNL Guaranteed monctonic 1 LSB
MAX527C +3
MAX6270 Ta=290 6
MAX527CC +6
MAX527DC +9
St MAXG27CE 7 ™
MAX527DE +11
MAX527CM +9
MAXS270M +15
MAXE27_C/E, Rl = e +1.0
MAXS527_M, R = +10
Gain Error MAX527_C 20 LSB
MAX527_E +2'5
MAX527_M +3.0
AGan/AVpp Vpp from +4 5V to +5.5V +0.002 +002
L AGain/AVss Vss from -4 5V 1o -5.5V +0.002 £0.02
BowarSupply Rejetion AOMSel/AVOD | VoD from +4.5V 1o +5.5V Tammerte 0005 005 | o
AOffset/aAVss | Vss from -4.5V to -5.5V +0.005 +0.05 ]
MATCHING PERFORMANCE
Gain Error Ta=+25°C 0.1 +1.0 LSB
Offset Error MAX527C . . 0.5 +5
(Note 1) MAX527D A= 42600 88 =6 ] =0
Integral Nonlinearity INt Ta=+25°C 02 =10 LSB
REFERENCE INPUT (Note 2) ’
Reference Input Range REF Note 2 0 Von-220| V
Reference Input Resistance RREF 5 kQ
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MAX526/MAX527

ELECTRICAL CHARACTERISTICS (continued) - MAX527

(VDO = +5V. Vgs = SV, VREF = +2 5V, AGND = DGND = 0V. TA = TMN 10 IMAXx. unless olherwise noted.)

 PARAMETER

Calibrated Quad 12-Bit

Voltage-Output D/A Converters

| symeoL | CONDITIONS MIN  TYP  MAX  UNITS
PLYING MODE PERTOT : —
Reference 3dB Banawidth 1 . 700 kH2
40QHz | -100
Reference Feedthrough J | oB
. 000Kz 2 |
Total Harmome Dislortion
| pim o | THD+N | VREF = 850mVy.p at 100kHz 0024 %
| DIGITAL INPUTS ) o -
v
| Input High Vottage . ViNH | 24 V. =
Input Low Votage _ Ving ) 08 v
Input Leakage Current | N Vi = OV or Voo 10 wA
Input Capacilance | cm 103 o 0, pF
DYNAMIC PERFORMANCE (RL = 5k, CL = 100pF) -
| Voltage-Ouiput Slow Rate 1 3 Viys
| Output Settling Time o |_To+1/2LSB ol full scale 5. us
Dig:tal Feedthrough 5 rVs
Dignal Crosstalk 5 | nVs
POWER SUPPLIES o ‘
Positive Supply Range 1 voo | —_— e 4B = 55 ¢ VvV
Negative Supply Range Vse — T -4.5 55 v
| Positive Supply Current | oo (Note 4) l Ta= +25°C 55 'i | mA
1
| = — S CE— . 2Loi s
Negative Supply Current Iss (Note @) } Ta=+25C 36 10 mA
= — N ) 1€
Note 1: TUE is specified with no resistive load.
Note 2: See Reference Input seclion.
Note 3: Guaranieed by design. Not production tested.
Note 4: Digitalinputs at 2.4V.
TIMING CHARACTERISTICS - MAX527
(VDO = +5v,Vss = 5V, VREF = +2 5V. AGND = DGND = OV. TA = Taan to TmAX. unless atherwise noted.)
| PARAMETER . SYMBOL | CONDITIONS | MN v max | units
S Pulse Width e MAX527 _CfE | 180 e
- MAX527_M | 200
MAX527_C/E | 180 . N
WR P Width. we = — e
use Wo MAX527_M 200 ne
TS 1o WR Selwo _ cws o _ ns
CS 1o WR Hala town o T ns
Daa Vaid to WR Selup tns 75 ns
Da:ato WR Hold ___1oH N 0 s ns
MAX527_C/E 120 - -
LLDAT Pulse Width | - — "
= LOAC [ maxs27_ M 150 ns
Address to WR Setup us | 25 "
Address o WR HoG o | o ns

www _analog.com
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MAX526/MAXS527

Calibrated Quad 12-Bit

Voltage-Output D/A Converters

MAX526
SUPPLY CURRENT
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= B _ ]
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- B
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01
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Yss (W)
MAX526
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0s6 R
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G000 | FREC - Svi
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MAX526
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Typical Operating Characteristics

MAX526
RELATIVE ACCURACY

vs. VREF
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MAX526/MAX527

MAXS526
REFERENCE
FEEDTHROUGH AT 400Hz

MAXS526
POSITIVE SETTUNG TIME TO FULL-SCALE
STEP - ALL BITS OFF TO ALL BITSON

MAXS526
DYNAMIC RESPONSE
ALL BITS OFF, ON, OFF

Calibrated Quad 12-Bit
Voltage-Output D/A Converters

Typical Operating Characteristics (continued)

MAXS526
REFERENCE
FEEDTHROUGH AT 4000Hz

800V

NP1 L[U‘E‘ AlL B8 ‘
MAX526

NEGATIVE SETTLING TIME TO FULL-SCALE
STEP - ALL BITS ON TO ALL BITS OFF

v w| |

OuTPUI
(ImVidiv)

VREF 100pf Shsl
MAX526
DIGITAL FEEDTHROUGH

. (GLITCH IMPULSE)
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MAX526/MAX527 Calibrated Quad 12-Bit
Voltage-Output D/A Converters

Typical Operating Characteristics

MAX527
MAX527 MAXS527 MAX527
SUPPLY CURRENT vs. OFFSET ERROR RELATIVE ACCURACY
TEMPERATURE R vs. Vss . vs. VREF
10 I N Ee == 2 T
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1 s T 1T 11 " [T TTTI
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g O i R 00 - B0mog 1 G20 I~ s o - o | |
= i Z 06000 FP§C—S EPT & 08000 | — FREQ . SWEPT It
5 10 B INPUT COOE - ALL 1 ‘ / = INPUT CODE - All 1s
5 g 04800 (605 L B 800 [—LOAD- 202 11005F | |
e X % =
= ‘ o 030 - o 03600 ‘ B
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z M 2400 TLEA " 02400 S
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MAX526/MAX527 Calibrated Quad 12-Bit
Voltage-Output D/A Converters

Typical Operating Characteristics (continued)

MAX527 MAXS27
REFERENCE REFERENCE
FEEDTHROUGH AT 400Hz FEEDTHROUGH AT 4000Hz

&

VREF
av

v

CpaV

TOP REFERENCE N 5Wd v

T0P- REFERENCE INZV/dw

BOTTOM VouTa SOuV/dv
NPUTCODES - ALL 0s
MAX527 MA X527
POSITIVE SETTLING TIME TO FULL-SCALE NEGATIVE SETTLING TIME TO FULL SCALE
STEP-ALL BITS OFF TO ALL BITS ON STEP-ALL BITS ON TO ALL BITS OFF
NFUT
INPUT (5Vidiv
.'l'
UTPUT vy
(imVialv)
Gz 100cF. R Sks2 VREF .25V 100pF Ry - 582 VREF
MAX527 MAXS527
DYNAMIC RESPONSE DIGITAL FEEDTHROUGH
ALL BITS OFF, ON, OFF ELITCH IMPULSE )
IIJP_UT
OuIPUY

M
'JI--I.I_..

T0P DIGITAL TRANSITION CNALL DATABITS 5§ov

vI, 45V, Vg = 5V, VREF =2.5V, C_ = 100pF, R =5

© 2021 Analog Devices, Inc. All rights reserved. Trademarks and registered trademarks are the property of their respective owners.
One Analog Way, Wilmington, MA 01887 US.A. | Tel: 781.329.4700 | ®© 2021 Analog Devices, Inc. All rights reserved

www _analog.com Analog Devices | 9



MAX526/MAXS527

Pin Des criptlon

}‘NAIIE f_
Yourc | DAC C Output Vca:age

Voure

2
3 | Voura ﬁLI_AC A Output Vcw__!gg -
4 Vss Negative Power Supply
5 AGNQ_l Analog Ground e —. |
Reference Voltage Input Ior DAC A
| L_VREFAB and DAC B o ]
7 | DGND | Dgial Ground ]
r Load DAC Input (active low). Oriving this
8 LDAC | @synchronous input low trans‘ers the con-
| tents of each iNput register 1o its respec-
| tive DAC register.
. & | D7 | DawaBn7 S —
_’OjLDG_Ea_laM e ]
11 D5 DataBit 5
2 | D4 | DaaBra 00 ]
Daia Bn 1 (MSB) it CSMSB is low and
13 | D1D3 SB s high. Data Bt 3 MSB) if
is high anc CSLSB Is low ]
T
ata Bit 10 (MSB) if CSMSB s low and
14 | D10D2 s hgh. Data Bit 2 (MSB) if
18 is igh ana CSLSH is iow
Data Bit 9 (MSB) if CSMSB 1s low and
15 D9//D1 'SLSB is high Data Bit 1 (MSB) if
CSMSB s high and is low

| CSMSB is high and CSLSH is low.

Data Bit 8 (MS8) if TASMSH is low and
CSLSB is high. Data Bit 0 (MSB) if

DAC Address Select Bit (MSB)

DAC Aadress Select Bit (LS8)

Relerence Vonage Input for DACC
| and DAC D

Write Iny 1(achve low). WR along with
CSWSBP:M ioad cata in'o the
DAC nml regster selected by A1anc A0<{

J¢
=]
i

|

Chip Se'ect 1oc LS Byte (active low)

L 21 | CSLS8 Selecls lne lower 8 bits of the addressed
Cn-p Selecl for MS Nibole (active Iow)
J 22 Selects the upper 4 bits of the addressed
nput register.
23 | Pasitive Supply Vollag
24 Voum. 1 DAC O Output Voltage ,

Calibrated Quad 12-Bit
Voltage-Output D/A Converters

Detailed Description

Analog Section
The MAX526/MAX527 contain four voltage output DACs
The DACs are "inverted" R-2R ladder networks that con-
vert 12-bit digital inputs into equivalent analog output
voltages in proportion o the applied reference voltages.
The MAX526/MAX527 have two reference inputs: one
shared by DAC A and DAC B (VREFAB), and the other
shared by DAC C and DAC D (VREFCD). These inpuls
allow different full-scale output voltage ranges for each

pair of DACs (Figure 1)

R R R
| ANAA ‘ T_.‘v\"‘.’ >-—AA _.l
4 ‘ S \
X SH SHK SH SR
0 l ) I 10 | o
£ ; » p
[y Lo
VREF ‘Lq, I i T
AGND — - ——
SHOWN FOR ALL 15 ON DAG
-
Figure 1. Simplified DAC Circuit Dagtam
Reference Input

The MAX526/MAX527 can be used for multiplying ap-
plications. The reference accepts both DC and AC sig-
nals. The voitage at each VREF input sets the full-scale
output voltages for its respective DACs. The input im-
pedance of the VREF inputs are code dependent. with
the lowest value (typically 6k for VREFAB or VREFCD)
occuring when the input code is 0101 0101 0101. The
maximum value, typically B0k, occurs when the input
code is 0000 0000 0D0CO. Since the input impedance at
VREF is code deoendent, load regulation of the reference
used is important.
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MAXS526/MAXS527

The guaranteed minimum input impedance of each refer
ence input of the MAX526MAXS527 is SkQ2. When the ref-
erence inputs are driven from the same source, the
minimum impedance that must be driven by the reference
source is 2.5kQ. A voltage reference such as the MAX674
would typically deviate by 0.165LSB (0.33LSB worst case)
when simultaneously driving both MAX526 reference
inputs at 10V. Improve accuracy by driving VREFAB and
VREFCD separately or by using a reference with excellent
accuracy and superior load regulation, such as the
MAXG?WA_XG??IMAXG?B.

Using an op amp to buffer the reference i1s another way
to obtain high accuracy. The closed loop output im-
pedance of the op amp should be kept below 00552
This ensures orrors of less than 0 0BLSB when driving
both reference inputs simultaneously. The MAX400 or
OP07 are suitable for this application. The input
capacitance at VREF is aiso code dependent and typi-
cally varies from 125pF to 300pF

VOUTA.D are represented by a digitally programmable
voltage source as:

VOUT = (NB x VREF) / 4096

where N8 is the numeric value of the DAC's binary input
code (0 to 4095).

Output Buffer Amplifiers

All MAX526/MAX527 voltage outputs are internally buf-
fered by precision unity-gain followers with a typical slew
rate of SV/us for the MAX526 and 3V/us for the MAX527.

With a tull scale ‘ransition at the MAX526 output (QV to
+10V or +10V 1o OV), the typical setting time to £1/21.S8
is 3us when loaded with 5kS in paralie! with 100pF (loads
less than 5kQ degrade performance). Typical output
dynamic response and setlling performarce of the
MAX526 output amplifier are shown inthe l'ypical Operat-
ing Characteristics section.

With a full-scale transition at the MAX527 output (OV to
+2.5V o1 +2 5Vto0V), the typical setiling tmeto +1/2LSB
is Syis when foaded with 5kS2 in parallel with 100pF (loads
less than 5<Q degrade performance) Typical output
dynamic response and settling performance of the
MAXS527 output amplifiers are snown in the Typical
Operating Characterishcs section,

Digital Inputs and Interface Logic

Digitalinputs are compatible with both TTL and 5V CMOS
logic. The MAX526/MAXS27 interface with microproces-
sors using an 8-bit-wide data bus. The double-buffered
input structure consists of a 12 bit (8 + 4) input register
and a 12-oit DAC register for each of the four DACs

Calibrated Quad 12-Bit
Voltage-Output D/A Converters

Each DAC's analog output rellects the data held w its
DAC register. Address lines AOandA1 select whichDAC
receives data from the data bus. as shownin Table1 Al
MAX526/MAX527 contrd inputs are leve!-iriggered. Fig-
ure 2 shows the MAX526/MAXS527 inpul control logic.

Table 1. DAC Addressing
A1 | SEI ECTED INPUIT REGISTER

DAC A Inp)ut Register
| ! DAC B Input Regsster
| } | DACC Input Regsler _
' H | DAC D Irput Register J
CSMSB, CSLSB. and WR load from the data bus to the
input register selecled by A0 and A1. Pulling CSLSB and
WR low loaos the lower 8 bits of the input register. while
CSMSB and WRloadtheupper 4 bits. Theorder nwhich
the data 1s loaded into the inputregister (1.e. upper 4 bits
first or lower 8 bits first) is not important It is possble to
concurrently load the full 12 bits of the input register by
pulling CSLSB. CSMSB, and WR ‘ow. Notethatthe same
data will be wiitten 10 the AMSBs (D 11-D8) and the 4LSBs
(D3-D0), respectvely. Ifthe DACs are configured in the

unmigolar output mode (see Figure 5 anc Table 3), this
method can be used to quickly zero the DAC outputs

Data is lalched 'nto the selected input register or the
rnsing edge of WR_ Alternatively. data will be latched inlo

-

= [
Ilr" T r-ls
\

o —

— « TOAL! DAC REGISIERS

10 INPUTRIGETER A
UPPE R 2 BITS

(1 —_— ) 10 INPUTREGISTER &
4_ = LOWERBBIS

10 INPUT REGISTER 8
UPPER 4 BIIS

HHT  T0MPUI REGBILRB
T > * (0wneBIlS
]

~ 10\NPUT REGISTER C
= » = UPFAIR4BIS

T0INPUI RECISTERC
>« LOWER 8BITS

: | — ~ 10 INPUT REGSILRD
l I"; E{ P UPlI’EMBITS g

TOINPUT REGISTLR D
LOM RS BITS

Figure 2. Input Conirol Logic
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MAX526/MAX527

Table 2. Write-Cycle Truth Table

Calibrated Quad 12-Bit
Voltage-Output D/A Converters

FUNCTION

| CSLsB | CsMsB_ FWLLL'D_QT_"__ —
L H L H Loacs LS byte nto selected ningg«sm_
- M- A Laiches LS byte inlo selecled nput register
. tﬂ L H Laiches LS byte into selected input register i
_H L | L H Loads MS nibble into selected nput register
—1_ L 4 | H Laiches MS nibble into selected input register
D T A L_| H | Laiches MS nibble into selected nout register
X X H-JF L
= — _ther respective Input registers

| Latches the four DAC registers. Input registers cannot be written 10

I|x
;e
x| x
PILI
L

Transfers data from input registers into DAC registers DA_C—outou:s reflect cata helcin

| | L Loads MS nibble into selected input register and loads input registers into DAC registers -
4 _ X | H_I W | Nooperation. Device is not selected -
i L L [_ L Loads all 12 bils of selected input register, Transfers data from input registers into DAC
- - registers. DAC outputs reflect data held in their respective inpul registers
L S X L H _| Loads al 12 bits into selected input register
L H L L Loads LS byte into selected input register. Transters data from input registers into DAC |
| | | _| registers. DAC outputs reflect data held in their respective input registers |
H H ' L | L Transfers data from input registers into DAC regsters  DAC outpuls reflect dala held in
\ | |_ther respective inpul registers
L H H L | H No operaton
a5 i T ]
ADDRESS ADDAESS
VALID
¢S s
b ,/ ‘cs
csvisa
ows —mm - S (Y]
b1 =~ [
. cws K cw
tioac
4
[DAC
s - Ius_.,n—
-—%- om L7
VALD VALIO
DATAIN DATA >< DATA ><

Figure 3. Write-Cycle Timing

© 2021 Analog Devices, Inc. All rights reserved. Trademarks and registered trademarks are the property of their respective owners.

One Analog Way, Wilmington, MA 01887 U.S.A. |

www.analog.com

Tel: 781.329.4700

© 2021 Analog Devices, Inc. All rights reserved.

Analog Devices | 12



MAX526/MAX527 Calibrated Quad 12-Bit
Voltage-Output D/A Converters

the lower 8 bits of the input register on the rising edge of

CSISB. and the upper 4 bits will be latched on the rising erzs v SYSTEMGKD -
—— o U
ge of CSMSB. MAX527 Veure 9 C Vin
Data is transferred from all input registers to the DAC Veura
registers by pulling LDAC low. This simultaneously up- Vs T
dates all four DACs. Since LDAC is asynchronous with ASND
respect to WR, be sure that incorrect datais not latched VREFAD
to the output. Table 2 snows the truth table for operation 0AND
ot WR, LDAC. CSLSB, and CSMSB. Figure 3 shows the ®
MAXS526 /MAXS27write-Cycle timing. ® ®
Application Information 8 ';
Ground Management ® ©®
Digital or AC transient signals between AGND and DGND COMPONENT SIDE (TOP VIEW)
can creale noise at the analog outputs. It is recom- Figure 4. Suggested PCB Layou for Minimizing Crosstak

mended that AGND and DGND be tied together at the
DAC and that this point be tied to the highest quality
ground available. If separate ground busesare used. two

clamp diodes (1N914 or equivalent) should be con- REFERENCF INPUTS 5V(-5V)
nected in inverse parallel between AGND and DGND. W 6 18 23
This will ensure that the two ground pins always remain M7 VREFAB VREFCD VI
withn one diode drop of each other. [ \ s 4
Careful PCB ground layoutmininizes crosstalk between DAC ek o )2 fo
oulputs, reference nputs, and digital inputs  Figure 4 shows ] i —
a suggested circuit-board layout for minimizing crosstalk. — \, l N 2
- Vouls
Unipolar Output | L[/ '
In unipolar operation, the output voltages and the refer ' \ [_ |
ence inpuls are the same polarity. Figure 5 shows the 0ACC /LD Y v
MAX526/MAX527 unipolar output circuit The unipolar L
output codes are listed in Table 3. PR L:\
Table 3. Unipolar Code Table oo ) 1> 2 o
DAC CONTENTS -
ANALOG OUTPUT "
| _MsB Lss vslba ;(IM} tXiNl;
4095 -5y L
1111 1111 111 +VREF[4096] NOTE. () ARE FOR WAXS2T
1000 0000 0001 +VREF [fgg] Figue 5. Unipotar Output Creul
2048 _ +VREF .
1000 0000 0000 +VREF [m}% Bipolar Output
2047 The MAX526/MAX527 outpuls may be configured for
01 1111 1M ‘VREF[E&] bipalar output operation using Figure 6's circuit. One op
1 amp and two resistors are required per channel. With
0000 0000 0001 7006 R1 =R2:
0000 0000 0000 o VouT = VREF ((2NB / 4096) -1}
where NB is the numer.c value of the DAC'’s binary inpui

cooe

Table 4 shows the digital code vs. output voltage for the
circuit in Fgure 6.
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MAX526/MAXS527

Using an AC Reference

In applications where VREF has AC signal components,
the MAX526/MAX527 have multiplying capability within
the VREF input range specifications. Figure 7 shows a
technique for applying a sine wave signalto the reference
input where the AC signal is offset before being applied
1o VREF. Note that VREF must never be more negative
than DGND.

Total harmonic distortion plus noise (THD + N) of the
MAX526 is typically less than 0.012% with input frequen-
cies up to 35kHz for 5Vp.p swing: up to 50kHz for 2V
swing. The typical -3dB frequency is 700kHz, as shown
in the Typical Operating Characteristics graphs.

For the MAX527, THD + N is typically less than 0.024%
with input frequencies up to 100kHz, a signal amplitude of
850mV, and a load of 5kQ in parallel with 100pF. With a
2kQ load in parallel with 100pF, the MAX527's THD is
below 0.024% for input frequencies up to 95kHz.

Table 4. Bipolar Code Table

Calibrated Quad 12-Bit
Voltage-Output D/A Converters

R &2
VREF AN AN

A5V (+5V) ‘

™

_{\ L
o Vour

e
P

L1

-15V (-5%}

NOTES: () ARE FOR MAXS2T
VREF IS THE SELECTED REFERENCE
INPUT FOR THE MAXS26/MAX527

DAC
QuTPUT a
|1 RZ 10k82 40 1%

Figure 6. Bipolar Output Circuit

Offsetting AGND

AGND can be biased above DGND to provide an ar-
bitrary nonzero output voltage for a ‘0" input code  This
application is shown in Figure 8. The output voltage at
VouTA is:

VOUTA = VBIAS + NB x VIN

where N8 is the numeric value of the DAC’s binary input
code. Since AGND is common to all four DACs, all
outputs will be offset by VBIAS in the same manner. Note
that AGND should not be biased more negative than
DGND

DAC CONTENTS

|

ANALOG OUTPUT
MSB LSB
111 1111 11 »VREF[%J
1000 0000 0001 4VH!:F[2-(;4—8
1000 0000 0000 ov
i
0111 1111 1111 VRFF[E@]
2047
0000 0000 0001 -VRFF[2048)
2048
0000 0000 0000 -vnep( ma}a_vnsp

1
NOTE: 1L.SB = (VREF) [r.%)

AN ——  —
| T
LS L |
REFERENCE [
WPUT o }o—
il Y T VREFAR Vid
-4y 4
(-750mV) 9
DACH ¢ Voura
MAXS526/MAX257
Vss AGND  DGND
I 4 :';I ; 7
NOTES: () ARE FOR MAXS27 5V
QIGITAL INPUTS NOT SHOWN -

Figure 7. AC Reference Input Circuit
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MAX526/MAX527 Calibrated Quad 12-Bit
Voltage-Output D/A Converters

Supply Voitage and Decoupling Power-Supply Sequencing
For ful MAX526 per‘omance, VDD should be 4V higher On power-up. Vss should come up lirst, VDD next, fol
than VREF in the 108V to 16 5V range. When using the fowed by VREFAB or VREFCD. ¥ supply sequencing s
MAXS527. VDD should be at least 2 2V higher than VREF in not possible, tie an external Schottky diode be:ween Vss
the 4.75V105 5V range. Both VoD and Vss supplies shoud and AGND as shown in Figure 9.
be bypassed with 2 4.7uF capacitor n parallel with a 0. 1uF
capacitor to AGND. with short lead lengths as close to the
supply pins as possible.

' VISV (W)
i — 2
" VREFAB Voo o S|a maxsoe
iy O R | .
‘ 0ACA s G| MAXS27
= Vo NS ¥
AGNC 1
. S MAX5260AX527
Vaue vss DGHD
NOIES 1) ARE FOR MAX527 -
DGIIAL NPUTS 10T SHOWY

Figure 8. AGND Bias Crcurt Figure 9. When Vss and Vo cannol be sequenced. lie a
Schottky diode between Vss and AGND
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MAXS526/MAXS527

_Ordering Information (continued)

Calibrated Quad 12-Bit
Voltage-Output D/A Converters

Chip Topography

INL
PART  TEMP.RANGE PINPACKAGE . Jo
MAX527CCNG _ 0°Cto +70°C_ 24NatowPasicDIP 1172
MAX527DCNG _ 0°C 10 +70°C_24NamowPlasic DP _ +1
MAX527CCWG  0°C 10 +70°C 24 Wide SO +1/2
MAXS270CWG  0°C 10 +70°C_ 24Wdo SO +1
MAX5270C/D_ 0°C to +70°C_Dice" +1
 MAX527CENG 40°C 0 +85°C 24 Narow Plastic P + 1/2
MAX527DENG -40°C 0 +85°C 24Namow PlasicDIP 1
MAX527CEWG -40°C 10 +85°C 24 Wide SO 112
| MAX527DEWG -40°C to +85°C_ 24 Wide SO +1
MAX527CMYG  55°C 1o +125°C 24 Naow Ceramic S8 £1/2

_MAX527DMYG -55°C to +125°C

24 Narrow Ceramic SB**

* Contac! factory for dice specifications.
** Contact factory lor availabitity and processing to MIL STD-883.

MAXS26/MAXS27

mm)

SUBSTRATE CONNECTS TO Vpo.
TRANS STOR COUNT: 2720
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