ANALOG
DEVICES

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 two write operations 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 to the 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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MAX526/MAX527

Features
¢ Reference Input Range Includes Ground (C, D grades)
4 Full 12-Bit Performance Without Adjustments

¢ 1LSB Total Unadjusted Error (MAX526)

4 Buffered Voltage Outputs

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

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

____Ordering Information

PART  TEMP. RANGE INL

PIN-PACKAGE (LSBs)

MAX526CCNG  0°Cto +70°C 24 Narrow PlasicDIP ~ +1/2

MAX526DCNG  0°Cto +70°C 24 Narow Plasic DIP ~ +1

MAXS26CCWG  0°C to +70°C 24 Wide SO +12
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

MAXS26DENG 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

MAXS26DMYG 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 MiL STD 883.
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MAXS526/MAXS527

ABSOLUTE MAXIWM RATINGS MAXS26

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

Vpo 1o AGND or DGND... L 03V. M7V Wide SO (derate 11.76mW"C above +70°C).............. 647mW
Vss 1o AGND or DGND .. i . V. 100.3v Ceramic SB (derate 14.20mWC above +70°C)........1 143mW
Digital lnput Volage 10 AGNDO( DGNO -(13v. Voo +0.3v Operating Temperatue Ranges:
VREF 1o AGND or DGND. ... s £ MG C-B s i s 0°C 10 +70°C
VouT to AGND or DGND. ... { MAX526 € G.... ... ..40°C 10 +85°C
Maximum Current into Any Pn R | ).} MAXS26_MYG .........cceun ... 55C 0 +125°C
Continuous Power Dissipation (TA = na'c) Sorage Tempevame thge .. 65°C 10 +150°C
Plastic DIP (derate 13.33mW/°C above +70°C).... ........733mW Lead Temperatwe (soidering, 10 sc) ...+300°C

mssmmmsmm‘mmxmmmms may cause permaneni damage o e device. megnm wm mdhmbml

operation of the device al these @ ary other candibons beyond hase indicaled in Ihe operational sections of the SDOCKE 5 not wrpled
absdule maxmum ralig condibons forexiended peods may aleci device refiabiny
ELECTRICAL CHARACTERISTICS - MAX526
(VoD = +15V.Vss= 5V, VREF = 10V. AGND = DGND = OV, Ta= Tamin 10 Tmax, uniess otherwise noted )
PARAMETER | SYMBOL | CONDITIONS | MIN TYP MAX |UNITS
[ STATIC PERFORMAN uﬁ“WmA ECTION (R, = SkQ, C_ = 100pF)
Resolution 212 Bits
MAX526C =10
MAX5260 L e 220
MAX526CC 220
Total Unadjusted Eror MAX526DC 230 |
(Note 1) TUE  MAXs26CE =5 | 58
MAX526DE 235
MAX526CM 23.0
MAXS526DM 240
2 ; MAX526C 20.15 =050
Integral Nonlineari y INL MAXS260 - LSB
Diflerersal Nonlinearity ONL Guaranteed manolonic 21 LSB
| MAX526C 210
[MAX5260 i’ 20
MAX526CC =20
MAX526DC +30
OlisetEror MAXS 26CE 25 LSB
MAXS 26DE 235
MAXS526CM 230
MAX5260M =40
MAX526_C/E/M,RL == =10
Gain Error MAX526_C/E 21.5 Ls8
MAX526_M 220
aGainavpp | Voo from +108V b +165V 20.001 2001
G AGanVAVSS | Vg from 45V 10 5.5V 20001 2001 |
Rorm CLony opcEs A01eUaVpp | Voo fiom +10.8V b +16.5% Ta= +25°C 20007 z0075 ] S8*
| 80ftset/avss | Vss from 45Vio 55V 0003 2003
MATCHING PERFORMANCE 1
Total Unadpsted Error MAX526C g2 210
(Note 1) e MAX5260 Ta=425C T M
Gain Ermor Ta= +25°C 0.1 210 LS8
MAX526C 05 =10
Offset Error MAXG260 Ta=+25C 05 =20 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 o= +15V.Vss = -5V, VR EF= 10V, AGND = DGND = OV, TA = TMIN 10 Trpax. uniess olherwise noted )
T

PARAMETER | symsoL | CONDITIONS MIN __TYP  MAX | UNITS
REFERENCE INPUT (Note 2) S
R eferencénput Ranue REF | 0 Vop - 4 [ v
Reference Inpu R esi st ance R REF T 5 |
MULTIPLYING MODE PERFORMANCE I
R eferenc@dB Bandwiot_h_| m Kz
VREF = 1CVp-p at 100
COHZ
Ref erencef eedhmough Input code = all Os e e o — daB
e o 4C00HZ
m‘ Hormome Cistofion THD+N | VREF = 2Vp p at 50kHz ooz %
DIGITAL INPUTS
Input High Voit Viaw | B 24 LA
|_Input Hig age g .
Input Low Voltage Ve 08 I ¥
| Inout Leakage Cu rren: In | Vi_s0vor Vop 1.0 BA
input Ca_pacitarce | cn | Naed) _ 0 0, PF
| DYNAMIC PERFORMANCE (Ry = 5kQ, CL = 100pF) A=
| Voltage Outout Siew Rate I _' . S [ Vips
Oulput Setting Time ! o £1/2LSB of ‘ull scal e _ 3 us
Digital F eedthwough . o E S5 _ -s
rgital Crosstak ; 5 nv_s
POWER SUPPLIES
P P = 1
_Positive Supply Range 4 Voo | 108 165 | .V
Neaaiwe Su pp Range Vss 45 _ 55 v
- 425’ 11 2
Posiive Supply Cu rrent Ioo (Note 4) Ta=+25C ——— 22 mA
— Ta=428°C 8 8 |
Begame Supply Curr ent lag (Note 4) ' e mA
— pa— =
Note 1: TUE is sp ecifiecdwith noresisive 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
(VO o= +15V, Vss = 5V, VR EF= 10V, AGND = DGND = OV, Ta = Taun to Tmax, unless othe rwie noted.)
[ PARAMETER | symsoL | CONDITIONS | MIN TYP MAX | UNITS ]
| CSPusewich ,l s | - 100 o ns
WR Pulse Width T 100 s ns
T3 to WR Selup | _tevs | o _ _ns J
TS to WR Had | gwn ! - 3 0 _ ns
Da'a Va lido W& Setup -T— bs_ . 75 ns _
Dam 1o WRHo' d | pm 10 === ns
| LDAC Pu lseWidih woac 120 o ns _
|_Addr essto WR Setup 1as | 25 Can ns !
Addr essto WA Fold ta [_o | _ns
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MAX526/MAXS527

ABSOLUTE MAXIMUM RATINGS - MAX527

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

VOD IO AGND O DGND ... insree e 0.3V, +12V Wide SO (derate 11.76mW/°C above +70°C)............ 647mW
Vssto AGND or DGND...........ccoe.e.., TV, 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 1o AGND to DGND ... ............ veeennne=0.3V, VoD + 0.3V MAXEZE O MR ivisssivswssssiosmsmsnsion 10 Q°C to +70°C
VOUT IO AGND to DGND ..o ccveeeiinse e Voo, Vss MAXS527 E G........... -40°C 10 +85°C
Maximum Current into ANy Pin........c.cooioniieiinnie.. 50mA MAX527_MYG ... ... ..-55°C to +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) ............ 733mwW Lead Temperature (soldering, 10 sec) ... +300°C

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage lo the device. These are stress ratings 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 1o
absolule maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS — MAX527
(VoD = +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, Cr = 100pF)
Resolution N 12 Bits
MAX527C +0.15 +0.50 <
Integral Nonlinearity INL VAYES7D e LSB
Differential Nonlinearity DNL Guaranteed monctonic +1 LSB
MAX527C £3
MAXG270 i 6
MAX527CC +6
MAX5270C +9
OrsetEner MAXS27CE v
MAX5270E +11
MAX527CM +9
MAXS270M +15
MAXS27_C/E, Rl = oo +£1.0
MAXS527_M. R = e 10
Gain Error MAX527_C +20 LSB
MAX527_E +2.5
MAXS527_M +3.0
AGain/AVpp | Vop from +4 5V to +5.5V +0.002 +002
. AGain/AVss Vss from -4 5V 10 -5.5V +0.002 £0.02 <
PowesStoply leleckion AOMset/AVoD | Voo from +4.5V 1o +5.5V Ta=#25% 20,005 =005 | o
AOffser/aVss | Vss from -4.5V 10 -5.5V +0.005 +0.05 ]
| MATCHING PERFORMANCE |
Gain Error Ta= +25°C 0.1 +1.0 LS8
Offset Error MAX527C . N 05 +5
(Note 1) MAX527D =120 50 | @
Integral Nonlinearity INL Ta=+25C 02 =210 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

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

ELECTRICAL CHARACTERISTICS (continued) - MAXS527

(VDo = +5V. Vgs = SV, VREF = +2.5V. AGND = DGND = OV. TA = TMN 10 Imax. unless olherwise noted.)

_PARAMETER | SYMBOL | _ CONDITIONS _MIN  TYP  MAX | UNITS |
7LYING MODE PERTOT . S ‘
Relerence 308 Banawidtn 4 700 | KkH2
A0QHz -100
Reference Feedthrough } | oB
- A000Hz 2 |
Total Harmome Dislortion
| phs Nose | THD+N | VREF = 850mVy.p at 100kHz _0 EZJ_ ;%
DIGITAL INPUTS | o
| Input High Votage LI VINH 1 2.4 o v
Input Low Voage BT 08 v
Inpul Leakage Current -T Iy Vit = OV or Vop 1.0 pA
Input Capaailance | cm Note 3 = 0, pFf
DYNAMIC PERFORMANCE (RL = 5k2, CL = 100pF) o
| Voltage-Outpul Slow Rate = 3 Vips
| Output Settling Time i To + 1/2L.SB ol full scale 5. us
Dig:tal Feedthrough 5 rVs
Digrtal Crosstalk 5 | nVs
POWER SUPPLIES - .
Posttive Supply Range 1 oo | = LA . 58 ¢ v .|
Negative Supply Range Vss = T e =N B S
| Positive Supply Current I oo (Note 4) | Tas4&C - 35 'i ‘ mA
1
Negatve Supply Current Iss (Note 4 I . e 36 :2 mA
[ S— — — 4 = J

Note 1: TUE is specified with no resistive load.

Note 2: See Relerence Input section.

Note 3: Guaranteed by design. Not production tested.
Note 4: Digitalinpuls at 2.4V.

TIMING CHARACTERISTICS - MAX527

(VDD = +#5Y.Vss = 5V, VREF = +2 5V, AGND = DGND = OV. TA = Taan to TMAX, unless aherwise noted.)

| PARAMETER SYMBOL | CONDITIONS | N TYP  MAX | UNITS
CS Pulse Width Ics MAXS27 CE = _
= [ maxs2rm | 200 i
e MAX527_CE | 180 S o
WR Pu'se Width. we MAXS2Z M = — ns
CSto WR Setuo _ cws 0 . ns
CS 1o WR Hala IcwH ot = = i r;s -
Daa Valid to WR Selup tns L ns
Daaw WRHod ___loH I 0 . ns
MAX527_C/E 120 = gz
LDAC Pulse Width LDAC MAX527 M 150 _— ns
Address b WA Setup s | 25 o e
Address lo WR Ho'G Lo | | o e
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MAXS526/MAXS527 Calibrated Quad 12-Bit
Voltage-Output D/A Converters

Typical Operating Characteristics

MAX526 MAX526 MAX526
SUPPLY CURRENT OFFSET ERROR RELATIVE ACCURACY
vs. TEMPERATURE vs. Vss vs. VREF
20 19 — 10 r ™
1 S
- L] “\pp - 15 T ! ek
! Ino - LOAD - 5462 11 100pF o 5 Von - 415
T i ‘ & | VREF- 10V = e - -5\
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é it 4 g g - | voo v
£ 0 , — g 1 —+ 5 0o
= w ) 1 + — =
2 s : I a g0
> Iss g 1 E ’[
S 40 [ [ | 2 J s -
5 - g - +15V = T og6 | Voo -T2V
Vss = -5V il — - |
AL LOGIC INPUTS = 2.4v e !
22 F R M P T T 0.1 .
60 - AW 80 100 140 5 4 A 0 0 4 8 12 15
TEMPERATURE { € Ves (V) VREF (4)
MAX526 ) MAX526 MAX526
REFERENCE VOLTAGE INPUT THD + NOISE AT DAC OUTPUT THD + NOISE AT DAC OUTPUT
FREQUENCY RESPONSE vs. REFERENCE FREQUENCY vs. REFERENCE FREQUENCY
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T ok MWk M 1o 10 w0 200 10 00 200
FREQUENGY {Hy) FREQUENCY [kHz) FREQUENGY tkHzh
MAX526
FULL-SCALE ERROR vs. LOAD
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3 A
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2
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o1 1 10 100
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© 2021 Ana'10g 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. | Tel:781.329.4700 | © 2021 Analog Devices, Inc. All rights reserved.

www.analog.com Analog Devices | 6



MAXS526/MAX527 Calibrated Quad 12-Bit
Voltage-Output D/A Converters

Typical Operating Characteristics (continued)

MAXS526 MAXS526
REFERENCE REFERENCE
FEEDTHROUGH AT 400Hz FEEDTHROUGH AT 4000H2

MAX526 MAX526
POSITIVE SETTLING TIME TO FULL-SCALE NEGATIVE SETTLING TIME TO FULL-SCALE
STEP - ALL BITS OFF TO ALL BITSON STEP - ALL BITS ON TO ALL BITS OFF
v e Ol s | fus | |

)
+

NPT oTPUI
(ImVidv)

WeF R . %O VREF - It 100cF Ri - Sh§2

S RERPOlibE MAX526
ﬂ"eﬁ"%co?'ésﬁu OFF DIGITAL FEEDTHROUGH
« ON: _(GLITCH MPULSE)
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MAX52

6/MAXS527

Calibrated Quad 12-Bit

Voltage-Output D/A Converters

MAX527
SUPPLY CURRENT vs.
TEMPERATURE
10 T I
6 9]
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MO Vpp = 45V
Vg = -5V |
; ALL LOGIC INPUTS = 2 4V
' H
® W 0 6 100 140
TEMPERATURE {'C
MAX527
REFERENCE VOLTAGE INPUT
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: T ‘ T
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MAX527
OFFSET ERROR
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MAXS527
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Typical Operating Characteristics

MAX527
RELATIVE ACCURACY
vs. VREF

L Vi Y
Vss BV
s 150

VREF (V)

MAX527
THD + NOISE AT DAC OUTPUT

vs. REFERENCE FREQUENCY

|— FREQ . SWEPT

INPUT CODE

|— LOAD - 252 |1 1 (0pF

.

- 850mWg o

- AL TS

10k
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MAXS526/MAXS527

MAX527
REFERENCE
FEEDTHROUGH AT 400Hz

VREF

MAX527
POSITIVE SETTLING TIME TO FULL-SCALE
STEP-ALL BITS OFF TO ALL BITS ON

INPUT

ouTPUT
(imVialv)

G o= 100sF. RL 542 VREF

25V

MA X527
DYNAMIC RESPONSE
ALL BITS OFF, ON, OFF

WPYI

IV/0w)

OUIPYY

Vi =45V, Veg = 5V, VREF =2.5V,C_ = 100pF, Ry =5k

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

Typical Operating Characteristics (continued)

MAX527
REFERENCE
FEEDTHROUGH AT 4000Hz

NPUTCODES . ALL Os

MAX527
NEGATIVE SETTLING TIME TO FULL SCALE
STEP-ALL BITS ON TO ALL BITS OFF

100pF 542 \REF

MAXS527
DIGITAL FEEDTHROUGH

GLITCHIMPULSE )
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Pin Description
| PIN | NAME | FUNCTION |
| 1 | Vourc | DACC Output Voitage

2 | Yours | DAC B Output Voltage —
_3 | Voura | DACAOutputVotage |
4 Vss Negative Power Supply
5 AGNQ_l Analog Ground —
Relerence Voltage Input Ior DAC A
| & |VREFAS | angDace
7 | DGND | Digial Ground
’ Load DAC Input (active low). Driving this
g LDAC asynchronous input low trans’ers the con-
' tents of each INput register 1o its respec-
| tive DAC register.
., 9 | O7 | DaaBu7
_’Oj 06 | DaaBte 0|
11 D5 Data Bt 5
12 D4 | DataBit4
Data Bit 11(MSB) 8) 1t CSMSB is low and 1
13 | D11D3 | CSLSBis high. Data 81t 3 (MSB) if
is high anc CSLSB Is low |
ata Bit 10 (MSB) it CSMSB s low and
Lw D10/D2 | CSLSB s high Data Bit 2 (MSB) if
| is high ana is low
Data Bit 9 (MSB) if CSMSB 18 low and
15 D9/)/D1 B is high Data Bit 1 (MSB) if
U 1 CSMSB 1s high and CSLSB is low
Data Bit 8 (MS8) it TAMSH is low and
16 | DeDo | CSLSBis high Dala Bit 0 (MSB) if
| CEMSB s high and CSLSH is tow.
h’ A1__| DAC Address Seiect Bit (MSB) ~
18 | AD | DAC Address Select Bt (LS8) ’
| Relerence Voltage Input for DAC C 1
19 AEEFCD ‘and DAC D s
= T

Chip Setect for LS Byte (active low)
CSLSB | Selects the lower 8 bits of the addressed J

Write Input (active low). WR aiong with
CSUSBP:M i0ad oata inio the
DAC nml npJt regster selected by A1anc A0<‘

mpRregee.

Cr-p Select lor MS Nibble (active low)
Selects the upper 4 bits of the addressed

g t register
Positive Supply Voliage

VOUTL |

DAC D Output Voliage

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 wo 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 vollage ranges for each

pair of DACs {Figure 1)

R R R
AN VA =
| VWA $ T‘VV\ [ L

\ 8 5
* -‘m SH SR

—AN
k]
ANA—

L m lmu [nu

o L 61

SHOWN FOR ALL 15 ON DAG

Figure 1. Simplified DAC Circuit Dagram

Reference Input

The MAX526/MAX527 can be used for multiplying ap-
plications. The reference accepts both DC and AC sig-
nals. The voltage 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 80kQ, occurs when the input
code is 0000 0000 DO0O. Since the input impedance at
VREF is code dependent, load regulation of the reference
used is important.
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MAX526/MAX527

The guaranteed minimum input impedance of each refer
ence input of the MAX526MAXS527 is S5k2. When the ref-
erence inpuls are driven from the same sourca, the
minimum impedance that must be driven by tha 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 raference
inputs at 10V. Improve accuracy by driving VREFAB and
VREFCD separately or by using a reference with excelient
accuracy and superior load regulation. such as the
MAX676/MAX677 MAX678.

Using an op amp to buffer the reference s another way
to obtain high accuracy. The closed loop output im-
pedance of the op amp should be kept below 0 0542
This ensures orrors of less than 0 0BLSB when driving
both reference inputs simultaneously. The MAX400 or
OP07 are suttable for thus application The input
capacitance at VREF is aiso code dependent and typi-
cally varies from 125pF 1o 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 outpults are internally buf-
fered by precision unity-gain followers with a typical slew
rate of 5V/us for the MAX526 and 3V/us for the MAX527,

With a lull scale ‘ransition at the MAX526 output (OV to
+10V or +10V 1o QV), the typical sett'ing time to £1/21.SB
is 3us when loaded with 5kS2 in paralie! with 100pF (loads
less than 5k degrade performance). Tyoical output
dynamic response and setiling performarce of the
MAX526 output amplifier are shown inthe 'ypical Operat-
ing Characlerislics section.

With a full-scale transition al the MAX527 output (QV 10
+2.5V or 42 5Vto0V), the typical setlling tmeto +1/2L.SB
is Sus when foaded with 5kS2 in parallel with 100pF (loads
less than 5<Q degrade performance) Typical output
aynamic response and settling performance of the
MAX527 output amplifiers are shown in the Typical
Operaling Characterishcs section,

Digital Inputs and Interface Logic

Digitalinputs are compatible with both TTL and 5V CMOS
logic The MAX526MAXS527 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 oulput reflects the data held » ils
DAC register. Address lines ADandA1 select whichDAC
receives data from the dala bus. as shownin Table1 Al
MAX526MAX527 contrd inputs are leve!-iriggered  Fig-
ure 2 shows the MAX526/MAX527 nput control logic.

Table 1. DAC Addressing

A1 | A0 SE1 ECTED INPUIT REGISTER
L L DAC A inp'ut Regisler
L | H DAC B Input Qegsier
B2 I N S DAC C Input Regsster )
H H | DAC D Irput Register J

CSMSB, CSLSB. and WR load from the data bus to the
input register se'ecled by A0 and A1. Pulling CSLSB and
WR low loaos the lower 8 bits of the inpul register. while
CSMSB and WRloadtheupper 4 bits. Theorder nwhich
tre data 1s loaded into the input register (1.e. upper 4 bits
first or lower 8 pits first) 1S not important It is possible to
concurrently load the full 12 bits of the input register by
pulling CSLSB. CSMSB, and WR ‘ow. Notethatthe same
data will be wnitten 10 the 4AMSBs (D 11-D8) and the 4LSBs
(D3-D0). respectvely. If the DACs are con'igured in the
unigolar 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 laiched inio

TOALL DAC REGISTERS
10 WPUTRIGSTER A
UPPE R 4 BITS

10 INPUT REGISTER &
LOWER BBIIS

10 INPUT REGISTER 8
UPPER 4BIIS

10 #PUI REGSIERB
LOXERBBITS

10WNPUT REGISTERC
UPFER 481TS

T0INPUI RECISTERC
LOMA 8BITS

111 ~  10INUT REGSILRD
‘I"r*vs = b+ uepera4aIS

| ,Ll: « TONPUIREGSTLRD
=Y o LOMRSBIS

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

CSLSB | CSMSB | WR | LDAC _ FUNCTION I
L H L H Loads LS byle nlo selected nput register - B |
L M |1 H | Lalches LS byte inio selecled nput register -
i H L H Laiches LS byle into selectod input ragister ]
H L | L | H | LoadsMS nibble into selected input register -
,h H L b 3 J H | Laiches MS nipble into selected input register -
[ H | ' L | H LLatches MS nibbie into selecled input register L
X X H L Transfers data from input registers into DAC registers  DAC outputs rellec! cata held in .
) e I _ther respective Input registers .
X X H_| ¥ | Latches the four DAC registers. Input registors cannat be writtan to
H | L L L Loads MS nibble Into seiected input register and loads input registers into DAC reqisters
4 — X H H No operation. Device is not selected o
L L ‘ L L Loads all 12 bils of selecied inpul register  Transters data from input registers into DAC
) e . registers. DAC outpuls reflect cata held in their respeciive inpul registers
L L T L H _ | Loads al 12 bits into selected input register
L L H L L Loads LS byte into selected input register. Transters data from inpul registers into DAC
S | _1 registers. DAC outputs “eflect data held in their respective input registers ‘
) el T T JOSPBCIVE UL 1oy
‘ H H ’ L L Transfers data from input registers into DAC registers  DAC outpuls reflect data held i
‘ : s |_thexr respective npul registers
| _H |__H __[_ L _H | Nooperapon |

{05~ ey
- X w X
VALID
ks
\\ // "
CSvisa
B I e Bl
o 1 1
tioac
. p Bl
s Bt bl
-J‘- o -oj towt o
VAUD VALID ><
DATAN DATA X DATA

Figure 3. Write-Cycle Timing
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MAX526/MAX527 Calibrated Quad 12-Bit
Voltage-Output D/A Converters

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

CSI:3B. and the upper 4 bits will be latched on the rising g e _SHena
edge of CSMSB. ez Ve
Data is transferred from all inpul registers to the DAC Veuta
registers by pulling LDAC low. This simultaneously up- ves T
dates all four DACs. Since LDAC is asynchronous with AGND
respect o WR, be sure that incorrect data is not latched VREFAD
tothe oulput. Table 2 snows the truth table for operation AN
of WR, LDAC. CSLSB, and CSMSB. Figure 3 shows the
MAX526 /MAX527write-Cycle timing.

Application Information

Ground Management ®» ©®

Digital or AC transient signals between AGND and DGND COMPONENT SICE (0P VIEW)
can creale noise al the analog outpuls. It is recom- Figure 4. Suggested PCB Layou for Miimizing Crossiak

merded that AGND and DGND be tied together at the
DAC and that this point be tied to the highest qualily
ground available. If separate ground busesare used. lwo

clamp diodes (1N914 or equivalent) should be con- REFERENCE INPUTS 15V(.5V)
nected in inverse parallel between AGND and DGND MM‘:E';" 6 15 23
This will ensure that the two ground pins always remain M7 || vRERaS| mrcu‘ o
with'n one diode drop of each other. [‘ \ |~ 4
Careful PCB ground layoutminimizes crosstalk between DAC DA_C:A, ) | > Y
oulputs, reference nputs, ard digital inputs  Figure 4 shows I| i
a suggested circuit-board layout for minimizing crosstalk. >
Vouls
Unipolar Output LI/ ’
In unipolar operation, the output voltages and the refer —\ [_
ence inpuls are the same polarity. Figure 5 shows the £aCC AD e
MAX526/MAX527 unipolar oulpul circuit The unipolar
output codes are listed in Table 3. ] L:\
Table 3. Unipolar Code Table 0ACD > | Sl
ot U
DAC CONTENTS
ANALOG OUTPUT :
 MsB LS8 = — °°+“‘,’
4095 - &
1111 1111 1111 +VREF[w96] i AR
1000 0000 0001 VREF %g) Figue 5. Unpolar Output Orcut
2048\ +VREF "
1000 0000 0000 +veer(3e)-* Bipolar Output
2047 The MAX526/MAX527 oulpuls may be configured for
01 1111 1M ‘VREF[QQG) bipalar output operation using Figure 6's circuil. One op
1 amp and two resistors are required per channel. Wilh
0000 0000 0001 (20 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. outpul voltage for the
circuit in F gure 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
10 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 1o 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
2kQ2 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

k2

m
tF MA——p— W
SV (+5Y) |

NOTES' () ARE FOR MAXS21 ™
VREF 15 THE SELECTED REFERENCE B
INPUT FOR THE MAXS26/MAX527 /v— Vour
DAC ~
QUTPUT —— =~ A
Asvisyp 81 R 10240 1%

Figure 6. Bipolar Output Crrcuit

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 n Figure 8. The output voltage at
VouTais:

VOUTA = VBIAS + NB x VIN

where Ng 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 Vaiag in the same manner. Note
that AGND should not be biased more negative than
DGND

DAC CONTENTS I —— ’

MSB LSB
(2047
1111 1111 111 ’VREW?C"G]
i kil
1000 0000 0001 4VH!:F[2048)
1000 0000 0000 ov
1
0111 1111 1111 'VREF[M]
0000 0000 0001 VREF[2047
\ : 2048)
2048
0000 0000 0000 -VREF(m48]=_VREF
_—

) B 1
NOTE: 1LSB = (VREF) [—4096)

e —_—
| el V
ac 192 L L |
REFERENCE |
el i a—
1AV 1 T50mV) =1k 6 ’13
X A VATTER Vi
4y y |
(- 750mV) )
DAcH ¢ Vourie
MAXS26/MAXZ57
Vs AGNLT  DGND
|4 5] ; 7
NOTES: () ARE FOR MAXS27 &y
CIGITAL INPUTS NOT SHOWN -

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

Supply Voitage and Decoupling Power-Supply Sequencing
For tul MAX526 per‘omance, VpD should be 4V higher On power-up. Vss should come up lirst, VDD next. fol
than VREF in the 10 8V to 16 5V range. When using the lowed by VREFAB o VREFCD. I supply sequencing s
MAX527. VDD should be at least 2 2V higher than VREF in not possible, tie an external Schottky diode between Vsg
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.

LISV (5

; L 3

| (7 e e mans
7

‘
Vi O .
=N DACA | 3 RGN} &
—= Vo pSIEE A

AN S MAX5260AX527
v »\'Q Vss DGND

< 7
»
NOIES 1) ARE FOR MAX327 -
DIGHTAL SPUTS 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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MAX526/MAX527 Calibrated Quad 12-Bit
Voltage-Output D/A Converters

_Ordering Information (continued) Chip Topography
i INL MAX526/MAX527
PART TEMP.RANGE  PIN PACKAGE
(LSBs)
MAXS527CCNG  0°Cto +70°C_ 24NatowPasicDIP  £1/2 s w sp B@
MAXS27DCNG _ 0°C 10 +70°C24NamowPasicOP 1 3 3 2 38% 2
MAX527CCWG  0°C 10 +70°C 24 Wide SO =12 o e & 15 :
MAX5270CWG  0°C to +70°C  24Wido SO +1 Vg '
MAX5270C/D_ 0°C to +70°C Dice* +1 =
 MAX527CENG 40°C 0 +85°C 24 Namow Plastc DP + 1/2
MAXS527DENG -40°C © +85°C 24Namow PlasocDIP &1
MAX527CEWG -40°C 1o +85°C 24 Wide SO +1/2 WA
MAX527DEWG -40°C to +85°C 24 Wide SO +1 AGND el
- VAEFAB VREFCD
MAXS527CMYG  55°C to +125°C 24 Nanow Ceramec SB**  £1/2
MAX527DMYG -55°C 1o +125°C 24 Narow Ceramic SB** 1
0.295"
* Contact factory for dice specifications. (7493 mm)
** Contact lactory lor availability and processing to MIL STD-883.
DGND
OA Al
Al
Al
s 88 38 e 8
S 88 3
o =]
= 139" 5
! 3537 mm) ’
SUBSTRATE CONNECTS TO Vpo.

TRANS STOIR COUNT: 2720
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