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Calibrated Quad 12-Bit Voltage-Output

General Description

The MAX526/MAX527 contain four 12-bit, voltage-output digi-
tal4o-analog converters (DACs). Precision ‘output buffer
amplifiers are included on-chip o provide voltage outputs.
The MAX527 operates with 5V power supplies, while the
MAX526 utilizes -5V and +12V to +15V supplies. Offset, gain,
and linearity are factory calibrated to provide the MAX526's
1LSB total unadjusted error (TUE).

These devices feature double-buffered interface logic with a
12-bitinputregister and a 12-bit DAC register. Datainthe DAC
register sets the DAC oltput voltage. The MAX526/MAX527
‘have an 8-bit-wide data bus. Data is loaded into the input
register using two write operations with an 8-bit L SB write load
and a 4-bit MSB write load. . An asynchronous load DAC

(LDAC) input transfers data from the input register tothe DAC
register. Al logi¢ inpits are TTL and CMOS compatible. -

The MAX526/MAX527 are available in 24-pin, 300 mil pla%tié
DIP, Ceramic SB, and wide SO packages. :

Applications
Minimum Component Count Anélo‘g Systems
Digital Offset/Gain Adjustment

Arbitrary Function Generators

Indqs_frial Process Controls

Automatic Test EQuipment
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D/A Converters
TS0\ peatures

# Full 12-Bit Performance Without Adjustments
4 1LSB Total Unadjusted Error (MAX526 ‘
4 Buffered Voitage Outputs

4 Fast Output Settling
3us for MAX526
- 5us for MAX527 -

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

Ordering Information

PART  TEMP.RANGE PINPACKAGE ML

|MAX526ACNG ,0°C 10.+70'C . 24 Narrow Plastic DIP .. £1/2

MAX526BCNG = 0°Cto +70°C 24 Narrow Plastic DIP 1
MAX526ACWG 0°Cto+70°C 24 Wide SO £1/2
MAX526BCWG 0°Cto +70°C 24 Wide SO - 1
MAX526BC/D . O'C1o+70°C Dice" ' +1

MAX526AENG -40°C 16 485°C 24 Narrow Plastic DIP'  +1/2

MAX526BENG -40°C to +85°C = 24 Narrow Plastic DIP  #1

MAX526AEWG -40°C 1o +85°C 24 Wide SO *1/2

MAX526BEWG -40°Cto +85°C 24 Wide SO i

MAX526AMYG:-55°C to +125°C 24 Namow Ceramic 8B +1/2

MAX526BMYG -55°C to +125°C 24 Nanow CeramicSB™  #1

Ordering Information continued on last page. .
* Contact factory for dice specifications.
~Contact factory for availability and processing to MiL-STD-883.

Pin Configuration
TOP VIEW 7
voure [ * 24] Vouro
“vaum [2] Voo
voua [3] MADAM L) T5vSE
: <] MAX526 2 =
vss[e]  paxsyy [ OSISE
AGND [ 0] WR
VREFAB [(g| , 9] VREFCD
DGND [7] ' g) A0
oAc (8] 7] At ;
o7 [e 15] D&/D0
D6 {10] 15] DY/
05 [i1] [1a] D10/D2

D4 fie] . i3] D103

DIP/SO

" TSISBCSMSB  LDAC  Vss: AGND DGND

VLA W

Call toll free 1-800-998-8800 for free samples or literature.
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Calibrated Quad 12-Bit Voltage-Output
D/A Converters

ABSOLUTE MAXIMUM RATINGS — MAX526 o
VODtOAGNDorDGND ................ e 03V, 417V Operating Temperature Ranges:

VSSto AGNDorDGND ...................... -7V, +0.3V MAX526_C_ G ..................... e 0°Cto +70°C
Digital Input Voltage to AGND or DGND .... 0.3V, Vpp + 0.3V MAXS26 E G .........coovvenn. .. .. -40°Cto +85°C-
VREFto AGNDorDGND . .. .. e -0.3V, Vpp + 0.3V MAXB26.MYG ....................... -565°Ct0 +125°C
VouTto AGND orDGND .. . .. R [ VoD, Vss Storage Temperature Range .......... ... B5°Cto+150°C
Maximum Currentinto Any Pin ............ Y.L, BOmA Lead Temperature (soldering, 10sec) .. ........... +300°C
Continuous Power Dissipation (Ta = +70°C)

Plastic DIP (derate 13.33mW/"C above +70°C) ..... 733mW

Wide SO (derate 11.76mW/C above +70°C). ... ... 647mwW

Ceramic SB (derate 14.20mW/°C above +70°C) ... 1143mW

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

ELECTRICAL CHARACTERISTICS — MAX526
(VDD>= +15V, Vgg = 5V, VREF = 10V, AGND = DGND = 0V, TA = TMIN t0 TMAX, unless otherwise noted.) -

.

MAX526/MAX527

PARAMETER | symBoL ] CONDITIONS | MmN TP wmax | unms
STATIC PERFORMANCE — ANALOG SECTION (Ry = 5kQ, C = 100pF)
Resolution ’ N ) . , 12 - B Bits
MAX526A ' $1.0 '
MAX526B R . 420
: MAX526AC . o 2.0
Total Unadijusted Error ) TUE MAX526BC +3.0 LsSB
’ N MAXS526AE 495
; MAX526BE - 13.5
MAX526AM 3.0
MAX526BM ‘ 4.0
Integral Nonlinearity " INL MAX526A — 1015 2050 | LSB
: MAX5268 : : 1
Differential Nonlinearity . DNL Guaranteed monotonic i +1 LSB
MAX526A Ta= +25°C +1.0
MAX5268 +2.0
MAX526AC 2.0
OffsetError - : ' MAX526BC 130 LSB
MAX526AE 25
MAX526BE . 135
o, MAX526AM - 43.0
Gk “ | MAX526BM ‘ #4.0°
Gain Error ‘ 01 " #10 LSB
- AGain/AVpp | Vpp from +10.8V to +16.5V $0.001 + $0.01 ’
| Power-Supply Rejection AGain/AVgs | Vss from -4.5V to 5.5V Ta=+25C £0.001_ 40.01 | | sB/%
AOffset/AVpp | Voo from +10.8V to +16.5V +0.007 10.075
- . AOffset/AVss | Vss from 4.5V to -5.5V $0.003  40.03
-MATCHING PERFORMANCE ' ' -
| Total Unadiusted Error TUE MAX526AC/AE Ta=+25°C 310 | o8
N MAX526BC/BE . 20
Gain Error : Ta=+25C 0.1 1.0 LSB
Offset Error : MAX526AC/AE Ta=+25C __ 05 #10 LS8
MAX526BC/BE 05 . +20
Integral Nonlinearity INL MAX526AC/AE/BC/BE _Ta=+25°C 0.2 1.0 LSB

9-54 - . PSP/ D ePLY
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Calibrated Quad 12-Bit Voltage-Output
D/A Converters

ELECTRICAL CHARACTERISTICS — MAX526 (continued) : =
(VDD = +15V, Vs = -5V, VREF = 10V, AGND = DGND = 0V, Ta = Twin to Tmax, unless otherwise noted.)
~ PARAMETER | symBoL | ‘ CONDITIONS [ MIN  TYP MAX | UNITS :
REFERENCE INPUT (Note 1) o ' ‘ S ™
Reference Input Range - REF L 2 ..Vpp-4] -V -
Reference Input Resistance RREF ) 5 : ' - kQ a
MULTIPLYING MODE PERFORMANCE ' : ' o o :
Reference 3dB Bandwidth - 700 kHz
S ' ' VREF=10Vppat | " a9 . |- .. . ‘
Reference Feedthrough ° Input code = afl Os 400HZ — dB
| VREF = 10Vp-p at 82 '
‘ | 4000HZ _ 1 ™
;‘I’flg‘ farmonic Distortion THD+N | VREF = 2Vp.p at 50kHz L e N
DIGITALINPUTS , . N
input High Voltage ~ ViNH ' | 24 ‘ ' Vv
Input Low Yoltage VINL e T 08 \
Inplit Leakage Current hN Vin = OV or Vpp - 1.0 pA
Input Capacitance Cin {Note 2) ' 10 - pF’
DYNAMIC PERFORMANCE (R = 5kQ, C, = 100pF) )
Voltage-Output Slew Rate ‘ 5 Vius
Output Settling Time To +1/2L.5B of full scale 3 ps
Digital Feedthrough : 5 nv-s
Digital Crosstalk 5 nvV-s
POWER SUPPLIES ‘
Positive Supply Range Voo - ’ 10.8 16.5 Vv
Negative Supply Range Vss 4.5 55 v
Positive Supply Current Ibo (Note 3) Ta=+25C " g mA
Negative Supply Current 1SS (Note 3) Ta= +25C : 8 ;: - mA
Note 1: See Reference Input section.
Note 2: Guaranteed by desi Vt;n Not production tested.
Note 3: Digital inputs at 2.4V; with digital inputs at 0V, IpD decreases typically by 1.5mA at +25°C.
TIMING CHARACTERISTICS - MAX526
(VoD = +15V, V35 = -5V, VREF = 10V, AGND = DGND = OV, TA = TMIN to TMAX, unless otherwise noted.)
PARAMETER SYMBOL CONDITIONS 2 MIN TYP MAX UNITS
TS Pulse Width tcs 100 ‘ ns
WR Pulse Width wh 100 - | irs
CSto WR Setup tcws 0 . ns
T3 to WR Hold tCWH 0 : . ns -
Data Valid to WR Setup s 75 ns
Data to WR Hold iDH 10 ns
[DAC Pulse Width tLDAC 120 ns
Address to WR Setup tAS ' 25 ns.
1 Address to WR Hold tAH 0 ns

VAKX : 9-55
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Calibrated Quad 12-Bit Voltage-Output
D/A Converters

ABSOLUTE MAXIMUM RATINGS — MAX527

VDD AGNDtoDGND ........ [ -0.3V, +12v Operating Temperature Ranges: .
VsStoAGNDtoDGND ...................... -7v, +0.3v MAX527 C.G ......... e ~0Cto+70°C
Digital input Voltage to AGDN to DGND . ... 0.3V, Vpp + 0.3V MAX527 EG ........ e ... ~4D°Cto +85°C
VREFtoAGNDtoDGND ................ -0.3V, Vop + 0.3V MAXS27 MYG ............. P 55'Cto+125°C
VOUTto AGNDtoDGND ....................... Voo, Vss Storage Temperature Range . ... ... PR 85'C to +150°C
Maximum Currentinto AnyPin .................... 50mA Lead Temperature (soidering, 10sec) .. .... SN +300°C
Continuous Power Dissipation (TA = +70°C)
Plastic DIP (derate 13.33mW/"C above +70°C) ..... 733mw )
Wide SO (derate 11.76mW/°C above +70°C)....... 647TmwW ’

- Ceramic SB (derate 14.20mW/°C above +70°C) ... 1143mwW

Stresses beyond those listed under "Absolute Maximum Ratings® may cause permanent damage fo the device. These are stress ratings onl_y, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is nof implied. Exposure to
absolute maximurm rating conditions for extended periods may affect device reliability. )

ELECTRICAL CHARACTERISTICS — MAX527
(VoD = +5V, Vss = -5V, VREF = 4+2.5V, AGND = DGND = 0V, Ta = TMIN to TMax, unless otherwise noted.)

MAX526/MAX527

PARAMETER | symeoL | CONDITIONS MIN  TYP MAX | uNITs
STATIC PERFORMANCE — ANALOG SECTION (Ry = 5k, Cr = 100pF) -
Resolution ‘ ) N ) 12 o Bits
integral Nonlineérity INL MAX527A : 10.15 1:050 LSB
' MAX527B #1- 1, 0
Differential Nonlinearity DNL Guaranteed monotonic ' C#1 | sB
’ MAX527A Ta = +25°C
MAX527B
. MAX527AC
Offset Error MAX527BC 19 mv
: MAX527AE +7 o
MAX527BE ) +11
MAX527TAM - - 19
) MAX527BM - ' o X2
Gain Error . : ) ) -0.1 +1.0 LSB
) AGain/AVpp VoD from +4.5V to +5.5V : 10.002° #0.02° Lo
Power-Suppiy'Rejection AGain/AVss Vss from -4.5V to -5.5V Ta = +25°C 10.002 1002 | LSBM%
AQffset/AVpD | VoD from +4.5V 10 +5.5V . 10.005 +0.05 L
- | AOffset/AVss | Vss from -4.5V to-5.5V : 0.005 +0.05
MATCHING PERFORMANCE ,
Gain Error Ta=+25°C | 0.4 +1.0° | LB
Offset Error ' MAX527AC/AE Ta=+25C 05 5 | 8
v ' : MAX527BC/BE ) 05 . 210 |
Integral Nonlinear,ity‘ . ~INL MAX527AC/AE/BC/BE TA =+25°C 0.2 +10 | LSB
REFERENCE INPUT (Note 1 , ) )
Reference Input Range REF .12 Vpn-220 \

Reference Input Resistance RREF 5 _ Qo

9-56 2Vt /A KW
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Cahbrated Quad 1.2-B:t Voltage-Output
D/A Converters

ELECTRICAL CHARACTERISTICS (continued) ~ MAX527

(VDD = +5V, Vsg = -5V, VREF = +2.5V, AGND = DGND = 0V, Ta = Tmin 0 TMax, unless otherwise noted.) g
PARAMETER | symeor | CONDITIONS | MmN TYP  Mmax | unms g '
MULTIPLYING MODE PERFORMANCE : “
Refgrence 3dB Bandwidth . 700 oy kHz
Reference Feedthrough, - - 1. ‘ 400Hz : A0 - - dB (

: } 4000Hz ) -82 N
Totat Harmonic Distortion - : a -
plus Noise ; THD+N VREF 850mVp.p at 100kHz _ 0.024. . %

DIGITAL INPUTS : . -
Input High Voltage *~ Vg - 24 v :
Input LowNoltage = *- *~ | VimL ] o 0.8 Y m
[hput Leakage Current N Vin = OV-or Vpp ) - 10~ pA »
“Input Capacitance . CiN (Note 2) ) . .10 __pF q
DYNAMIC PERFORMANCE (n._ = 5kQ, CL = 100pF)
Vo’tage-Output Slew Hate - 3 Vius
Output Settling Time To +1/2LSB of full scale 5 us
Digital Feedthrough ' &) nV-s
Digital Crosstalk 5 nv-s
POWER SUPPLIES . i : ) ’ -
Positive Supply Rarige '~ Voo . ) : 475 5.6 v
Négative Supply Range Vss ' ' ‘ -4.5 - v
Positive Supply Current Ipp Note 4 Ta=+25C .85 12 mA
Negative Suppiy Current Iss Note 4 TA = +25°C : 36 :2 mA
Note 1: See Reference Input section.
Note 2: Guaranteed by desi \?n Not production tested.
Note 4:- Dlgnal inputs at 2.4
TIMING CHARACTERISTICS - MAX527
(VDD = +5V, Vss = -5V, VREF = +2.5V, AGND = DGND = OV, TA = TMIN to TMAx, unless otherwise noted.)
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
CS Pulse Width tcs MAX527_C/E 180 ns
. MAX527_ M 200 ' :
WR Pulse Width twh  |[-MAXS27. CE 180 ns
MAX527_M 200
CS to WH Setup tcws 0 ns
TS to WR Hold towH 0 ns
Data Valid to WR Setup tps 75 ) ns
{_Data to WR Hold toH 0 ns
[DAC Pulse Width toac | AAXSZ7.CE - 120 s
.| MAX527_M 150
Address to WR Setup taS _ 25 " ns
Address to WR Hold taH ' . ' 0 ns

A AX I 9-57
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" . Calibrated Quad 12-Bit. Voltage-Output
v DA Gonverters

. Typical Operating Characteristics

MAXS26 - MAXS26 - o '
- SUPPLY CURRENT : OFFSET ERROR RELA11VE AccunAcv
E vs. TEMPERATURE 0 vs. Vss - e vs. VREF _
l ‘. 1 |' 1 i A i |
- I I - +15V j n - 3A=*251'é\:1 i
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AL LOGIC INPUTS =24V - v — LS
220 R 0.1 10 — - el
0 W A e 100 140 5 4 3 2 4 0 0 48 i
TEMPERATURE ('G) ‘ Vss (V) VREF (V)
MAX526 ’ MAX526 MAX526
REFERENCE VOLTAGE INPUT . THD + NOISE AT DAC OUTPUT THD + NOISE AT DAC OUTPUT
FREQUENCY RESPONSE vs. REFERENCE FREQUENCY vs. REFERENCE FREQUENCY
2 [[mnnmrlm - 0oe00 T 1711 19200 S BEE
0 VREFABSHEPT 8400 [ Yoo =115V 16800 — Yoo =stov
- : om0 |-Tas 25 : 400 |1, ’
g’ _ WEFABCD = 2. e /
= & 06000 | FREQ = SwEPT : £ 12000 | FrEQ < SwePT —
S 10 ot INPUT CODE = ALL 15 / g INPUT CODE = ALL 15 i
2 = " : , ,
£ S 03600 & 07200 + / 1
i £ 77 &/
- 02400 L 04800 L —
: ’ » - )
-0 : 01200 = 02400 ——
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FHEQUENCY(HZ)” ’ o S FREQUENEY (kHz) . FREQUENCY (kH2)

FOARY
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Cahbrated auad 12-Bit: Wolt

D, bonvértéﬂi

e B Twiaal Opsrating characteﬂstlcs {contmued)

_ . MAX526 - . i S SO MAXG2S -
g . REFERENCE % : " REFERENCE
. . FEEDTHROUGH AT400Hz L FEEDTHROUGH AT4000Hz

‘ 1ms/dit:_' R '
TOP: REFERENCE B SV N S S
BOTTOM: Vours 100,Vidiv , * BOTTOM Vour 2004V
INPUT CODE = ALL Cs » ‘ ﬁ,%‘g?’gogggm‘/ v

MAX526 MAX526
ETTLING TIME TO FULL-SCALE  NEGATIVE SETTLING TIME TO FULL-SCALE
LLBOSGFFTOALLBITSON . .

. STEP - ALL BITS ON TO-ALLBITS OFF ..

OUTPUT
(ImV/div) -

: DIGITAL .
NPUT
Gl

VREF = 10V, C{ = 1000F, R

VREF = 10V, CL = 1006F, RL=5k2
nan AX528 MAXS26

DYNAMIC RESPONSE

ALL BITS OFF, ON, OFF . \ s 9"?";’6'{-55',53,,”7""‘13;6“ .

50ns/div

TOP: DIGITAL TRANSITION ON'ALL DATA BITS 5V/mv
BOTTOM: DAC QUPUT WITHWR HIGH 0mV/div

MKV ' i ' . 969

VoD =415V, V5= -5V, VREF =10, CL~100pF, Ry =5ket”*
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: calibrated Quhd 1 Zcﬂlt Voltage-Output
D/A: converters

SRR S S SRS SR _‘-fs.:a?».‘...: AU RN TypbalOperatmgcharactenstics

: MAX527 ' o
o V : ! sz o7 : ‘ . ’ .
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) ; 10 10—y D L2
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, c St Bires | // 7
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-10 01 2
0 2B 0 60 ;mo 140 5 4 3 2. 4 0 o 1 2 3 4 s
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 MAX527 . T MAX527 L
o FIEFEFIE CEVOLTAGE PUT ++. THD + NOISE AT DAC OUTPUT THD+NOISEAT DAC OUTPUT
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T 1T = o oo ] S U T
0 e VMAM%%%ED o 0 R ST v$ /
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Rty & 104
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,'40 4] T - o I g
50 ‘t_]_ . ] it B 00 ! [ P
Moo ks 100k M 1M 10 100 20 . 10k S 100K 200k

FREQUENGY(H) FREQUENCY (kHz) FREQUENCY (kHz)

. MAX527 ' :
FULL-SCALEERROR. * . 1
vs.LOAD . -
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k i LOAD(Q) '
sdo . Vi XV /v
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Cahbrated Quad 12-Bit Voltage-Output

MAXS27
. _REFERENCE .
" FEEDTHROUGH AT 400Hz

" 1ms/div
TOP: REFERENGE IN 2V/div
BOTTOM: Vouta 20uV/div
INPUT CODE = ALL 0s

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

INPUT
(5Vidiv)

QUTPUT
(1pV/div)

" CL=100pF, Ry =5k, VREF=25V

MAX527
DYNAMIC RESPONSE
ALL BiTS OFF, ON, OFF
INPUT
(8V/div) | 3

ouTPUT
(1V/div) -

VDD = +15V, Vss =-5, VREF = 25V, Cu'=100pF; R, =5ke
Vel 21 KA vl

D/A Converters

Typical Operatmg Characteristics lcontlnued) =

. MAXS27
REFERENCE = .

FEEDTHROUGH AT 4000Hz
VREF_._
Vour; * :
_ ¢ 100us/div
TOP: .REFERENCE IN 5V/div - -
BOTTOM: Vouta 50uv/div
mpmconss =AlL0s
NEGATIVE SETTLING TIME TO FULL-SCALE
- STEP-ALL BITS ON TO ALL BITS OFF
INPUT |
(5V/div) -
OUTPUT: .
(Imv/div)
* CL=100pF, R, = 5k, VREF=25V
MAX527 -~ =
DIGITAL FEEDTHROUGH
(GLITCHIMPULSE) - .
INPUT
(5Vidiv)
oUTPUT
(50mV/div)

200ns/div

TOP: DIGITAL TRANSITION ON ALL DATA BITS 5V/div
BOTTOM: DAC OUPUT WITH WR HIGH 50mV/div
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Calibrated Quad 12-Bit Voltage-Output
D/A Converters

’ N PIN | NAME FUNCTION
. m 1 Voutc | DAC C Output Vottage
; 2_| Vouts | DAC B Outpuit Voltage
3 | Voum | DAC AOutput Voltage
4 Vss | Negative Power Supply
" 5 AGND | Analbg Ground
g 6 | VREFAB FlefereRge Voltage Input for DAC A
m 7 DGND- | bigital Ground L
: Load DAC Input {active Iow) Dnv:ng this
. 8 N Ye) ‘asynchronous input low transfers the con-
tents of each input raglster to its respec-
a . tive DAC reg;ster
E 9 D7 | DataBit7.
10 D6 | DataBit6
11 D5 Data Bit §
12 D4 Data Bit 4
Data Bit 11 (MSB) if CSMSB is low and
13 D11/D3 is high. Data Bit 3 (MSB) if
3 - CSMSE is high and is low.
« .. Data Elt 10 (MSB) if CSMSE is low and
14 | DioiD2 i§ high.- Data Bit 2 MSB) if
. LSMSE istigh and: is.low.
S DatafBIt 9 (MSB)ifm is low.and
15 D9/D1 | ‘CELSR is hi igh. DataBit 1 MSB) if
B ,“_'CSM§B|sh|ghand 'is Jow.
' =1 Eebata Bit's (MSB) it CEWISE is jow and
16 -| DsDO |- is high,. Dal Bll 0 (MSBY) if
S € .is hlgg and is fow.
17 A | DAC Addréss Select Bit (Msa‘)
18 A0 I DAC Address Salect Bit (LSB)
e~ | Reference Voltage Input1 'for DACC
19 VHEF?D and DAGD. .
. Write Input (active low). Wﬁalong with
20 | WA | CSMSB and CSLOB lond data mtg the
DAC input register selected by A1 and AQ.
_ | Chip Select for LS Byte (active low).
21 CSLSB | Selects the lower 8 bits of the addressed
4 input register.
.| - Chip:Sglect for.MS Nibble (active low).
22 | CSMSB.| Seleets the: upper 4 bits of the addressed
. iniput ragister.
23 Vep P._osmvé‘&Jpply Voltage °
24 | vourp | DAC D-Output Voltage .’

9-62

e
;A

Pin Description

Detailed Description
Analog Section

The MAX526/MAX527 contam four voltage output DACs.
The DACs are "inverted" R-2R ladder networks that con-
vert 12-bit dlgital inputs into equivdlent analog output
voltages in praportion to the applied reference voltages.
The MAX526/MAX527 have twe referénge inputs: one
shared by DAC A and DAC B (VREFAB) and the other
shared by DAC.C and DAC D (VREFCD). These inputs
allow different full-scale output voltage ranges for each
pair of DACS (Flgure 1).

Vour

VREF
AGND

 SHOWNFORALL 15 ON DAC

Figure 1. Sh'npltﬁed DAC Circuit. Dlagram

L Holomncolnpu!

The MA§(526/MAX52T can be used for multiplying ap-
plications. Thé reference accepts both DC and AC sig-

_nals. The voitage at each VREF inpuit 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 6kQ for VREFAB or VREFCD)
occuring when the .input code is 0101 0101 0101, The
maximum value, typically 60kQ; occurs when the input
code §.0000'0000 000Q. Since the inputimpedance at
VREF is code dependent load regulat«on ofthe reference
used is |mponant -

: VLV KN 2V
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" - The guaranteed minimum input impedance of each ref-

erence input of the MAX526/MAX527 ig 5kQ. When the
reference inputs are driven from theé same source, the
minimum impedance that must be driven by the refer-
_ence source is 2.5kQ. A voltage reference such as the
'MAX674 would typically deviate by 0.165L.SB (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 superior load such as the

MAXB70/MAXE71.

Using an op amp to buffer the reference is another way
to obtain high accuracy. The closed-loop output im-
pedance of the op amp should be kept below 0.05Q.
This ensures errors of less than 0.08LSB when driving
both- reference inputs simultaneously. The MAX400 or
OP07 are suitable for this application.

regulation,

cally:varies from 125pF to 300pF.

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

VouT = (NB x VHEF) / 4096

where NB is the numeric value of the DAC's blnary 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 5V/us for the MAX526 and 3V/us for the MAX527.

With a full-scale transition at the MAX526 output (OV to
+10V or +10V to OV), the typical settling time to +1/2LSB
is 3us when loaded with 5kQ in paraliel with 100pF (loads
less than 5kQ degrade performance). Typical output
dynamic. response and settling performance of the
MAX526 output amplifier are shown in the Typlcal Operat-
‘ing Characteristics section.

With a full-scale transition at the MAX527 output (OV fo
+2.5V or +2.5V to OV), the typical settling time to £1/2L.SB
is 5ps when loaded with 5kQ in parallel with 100pF (loads
less than 5kQ degrade performance). Typical output
dynamic response and settling performance of the
‘MAX527 output amplifiers are -shown in the Typical
Operating Characteristics section.

‘Digltal Inputs and lntorface Logic

Dlgltal mputs are compatible with both TTL and 5V CMOS
logic. The MAX526/MAX527 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-bit DAC register for each of the four DACs.

VAL K 00

D/A conwerters

Each DAC'’s analog output reﬂects the data held in its
DAC register. Address lines AQand A1 select whichDAC
receives data from the data bus, as showri in Table'{. Al
MAX526/MAX527 control inputs are level-triggered. Fig-
ure 2 shows the MAX526/MAX527 input control logic.

Table 1. DAC Addressing

The input
capacitance at VREF is also code deperident and typi-.

Al | AOQ SELECTED INPUT REGISTER
L L DAC A Input Register

L H . DAC B Input Register

H | L “DAC C Input Register

H H .DACD Input Register

CSMSB, CSLSB; and WR load from the data. bus to the
input register selected by A0 and A1. Pulling CSLSB and

WR low loads the lower 8 bits of the.input register, while
- CSMSB and WR load'the upper 4 bits. The order in which

the data is loaded into the input register (i.e. upper 4 bits
first or lower 8 bits first) is not important. It is possible to

~concurrertly load the full 12 bits of the input register by
- puliing CSLSB, CSMSB, and WR low. Note that the same

data will be-written to the 4MSBs (D11-D8) and the 4L.SBs
(D3-D0), respectively, If the DACs are configured in the
unipolar output modeé: (see Figure 5 -and Table 3), this
method can be used to quickly zero the DAC outputs.

Data is latched into the selected input registér on the
rising edge of WR Alternatlvely, data will be latched lnto

DAC _ TO ALL DAC REGISTERS

0 4> TOINPUT REGISTER A
. == >~ [prtrenns ‘
WR FEL TOINPUT REGISTER A
—> LOWERBBITS
) [eUTsESTERS
| " UPPER4BITS

— TO INPUT REGISTERB
LOWER 8 BITS

o -
5 >

} TO INPUT REGISTER C
— UPPER 4 BITS .

TO INPUT REGISTER C
LOWER 8 BITS

=)~ TONPUTAEGISTERD
=P uepeR4BTs . -
TO INPUT QEG'STER 0

_D"’ LOWER 8 BITS

Figure 2. Input Control Logic
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Tablez erte-CVcIe Truth Tab|e . ‘ C

CSMsB iDAC | - FUNCTION
,Loads Ls byte |nto selected input register
Latches LS byte into selected input register "+
. Latches LS byte into selected input register
Loads MS nibble into selected input register
“Latches KIS nibble into selected input register _

_ Latches MS nibble into selected input reglsler B

~Transfers data from input registers into DAC registers. DAC outputs reflect data held in
 their réspective input registers

Latches the four DAC registers. Input registers cannot be written to.
Loads:MS nibble into selected |nput register and loads input reglsters into DAC reglsters.
:Na-operation. Device is not selected.

Loads all 12 hits of selected input register. Transfers data from input registers inig DAC
. |. registers. . DAC outputs refiect data held in their respectlve |nput registers.

-} Loads all 12 bits into selected input register.

" Loads LS %yte into selected input register. Transfers data from mput reglsters into DAC
- régisters.” DAC outpuits reflect data held in their respective input registers.

Transfers-data from input registers into DAC regusters DAC outputs reﬂecl data held in’
- their respective input registers.

‘ H No operation !

ol

RESE i‘":r;ll—““',L'.’II. x iIILlrrﬁ
i
3

Tl |T|T|T

1

[

N

&
§

x|z x| - x|~z x'L-'n-r-IiI
B Conl R Il Col i e 8 [ 5 o e S l’_"f"""‘]".—

ADDRESS N ADDRESS ‘ - o
K . , VALID L . . . -
358 BTN s — ] . o
: Tomse - ‘
ICws — l— — !
; Lo [t tews —
WR -
N___ ) L w“
. A . ) . e -
) N ' [DS. - + D +— )
p— IoH —| DK
e S VALID [ VALID
"DATAN . T DATA DATA
' TSI

Figure 3, WﬁteCycle Timmg :

o6s i ' 2V /1 X)) 2010
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the lower.8 bits of the input reglster on the rising edge of D
CSLSB, and the upper 4 bits will be latched ontherising | Amam
edge of CSMSB.

- Data,is transferred from alt input registers to the. DAC -
" registers by pulling LDAC low. This simultaneously up- = .|+
dates all four DACs. ‘Since LDAC is asynchranous with L
respect to WR, be sure that incorrect data is not latched
to.the,output. Table %ishows the truth table for.operation:
“of WR, LngC CSLSB, and CSMSB. Figure 3 shows the.
MAX526 /MAX527wr|te-cycIe timing

App"cation lnformaﬁon 5
Ground Management " - ®.

Digital or’AC transrentslgnals between AGNDarnd DGND = : COMPONENT SIDE (TOP VIEW) e

¢an, creafe noise at the analog outputs. . It i§ recom- 4 S sotak o

mended that AGND and DGND be tied together at the Flgure s’edPCBLam forMinimiznng L

DAC and that this point be tied to the highest quality e S . ' ; T

ground available. If separate ground:buses are used, two it r : e : -

clamp diodes (1N214 or_equivalent) should be con- . . REFERENCE INPUTS SV 5V)

nected in, inverse parallel between AGND and DGND. | #wpam 5| 19 L.

This will ensure that the two ground. pins. always remain | X527

within oné diode drop of each other, :

Careful PCB ground layoutminimizes crosstalk between DAG ‘

outputs, reference inputs, and digital inputsv Figure 4 shows

a suggested circuit-board layout for minimizing crosstalk. s

Unlpolar Output |

“In unipolar operation the output voitages and the refer- ‘

ence inputs are the same polarity.- Figure 5 shows the

MAX526/MAX527 unipolar output circuit. The unipolar

output codes-are listéd in Table 3.

“Table 3. Unipolar Code Table
DAC CONTENTS

SYSTEM GND

s Wil

ANALOG OUTPUT - Vs AGND._GGND

AT 11 1 sVREF 6] | - (MREFORM%N o T ey
1000 oooo ‘0001 “+VREF i& o _ thure5 Un/polar OutputC/rcurt ' ]
1000 0000 0000 +VREF(5£] *VZEF - » . BlpahrOutput
o 2047 The MAX526/MAX527 outputs may be, COnfigured for
o111 1111 1111 +VREF 2096 bipolar output operation using Figure §'s ¢ircuit. Onedp "
i ) 1 : amp and two resistors are requrred per channel With ‘
1 0000 0000 0001 +VREF | oo R1=R2: ,
0000 0000 0000 ov ‘ VouT = VREF ((2NB/4096) 1) .
: : . where NB is the numeric valte of the DAC's binary mput
- eode.

Table 4 shows the digrtal code vs. output voliage for the
circuit in Figure 6.

AR : ‘ ' i R —
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Uslny an AC Reference

-, In applications where VREF;has AC signal compofiefits,:
 the MAX526/MAX527 hav

. .input where the AC signal is MSeI bfore being applied

- to VREF.. Note that VREF h'uaqst hever be more negatlve

* “than DGND.

‘-Total harmonic distortion® pus nonse (THD + N) of the'
MAX526 is typically less than 0.012% with input frequen-

cCies up to 35kHz for 5Vp-p swing; up to 50kHz far 2V"
g - 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 greater than 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 frequencres up
to 95kHz:

gt iplying. capability within'.
: the VREF input range spec‘iﬁ;catlons Figure 7 shows a
* "technique for applying a smbWa\?e signaltothe reference: .

o oL R
VREF " AN g AM,
Do +15V (+5V)

NOTES: () ARE FOR MAXS27 ‘
s THE SELECTED REFERENCE
[ THE MAXS26MAX52T

" DAC
OUTPUT

Rr=f2=10g01% © |

15V 5V)

Flgure 6. B:po/ar Output CII‘CLIII v

Offsotting AGND

AGND can be blased above DGND to provide an ar-
bitrary nonzefo output voltage for a *0" input ¢ode. This
application'is shown i in Fvgure 8. The output voltage at
VouTais: | ; 1

-VOUTA = VBIAS + NB X V|N

where Ng is the numeric value of the DAC'’s binary input

“4 code. Since “AGND, is' common to all-four DACs, all
R outpits will be offset by VBiAS in the same'manner. ‘Note:
» , - that AGND should not be bidsed more negatlve ‘than
Table 4. Bipolar Code Table ‘ BGND . .
DAC CONTENTS ANALOG OUTPUT AR gt v
MSB LSB- L&Y
e 8 e L
P ‘ ’ 2047 TR ‘15k::
11111111 1111  HVREFI e - REFERENCE .} - 7.
: . , ; ) ms}u;sn:n..v))._) <
, _ % LR
1000 0000 QOO-‘I ‘ +VREF, 2048 % iwk " .
. 1000 0000, 0000 ) o T
: o ] (7m0 P
0111 1111 1111 VREF | o e
0000 0000 0001, v vREF|ZET W
. ‘ 2048) ‘- A v T UaGND” DGND
- 0000 DOOD- 0000 —VREF( )—'—\VREF ‘ T3 5 7
YR EEERL S 2048 . NOTES: () ARE FOR MAX527. ‘——i
L L S}Gmumgrsmmmﬂowu w7
Figure 7. AC Reference Input Ciréuit,
R " r ‘ . . W
. NO’fE 1LSB (VREF)( 4096]
see AKX
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i . Supply Voltage and Decoupling
For full MAX526 performance, VDD should be 4V higher

‘than VREF in the 10.8V. to 16.68V range. When using the -

MAX527, VDD should be at least 2.2V higher than VREF in
the 4.75V t05.5V range. Both VDp and Vss supplies should
be bypassed with 4 4.7uF capacitor in paraliel with a 0. 1pF
capacitor to AGND, with short lead lengths as close to the
supply pins as posszbie

D/A Converters

Powar\-supply &quoncing

On power-up, Vss should come up first, VDD next, fol-
lowed by VREFAB'of VREFCD. ' # supply sequencing is
not possible, tie an-external Schottky diode between Vss
and AGND as shorwn in Fugure 9

7 4 +15V ;(+5v)

Voo

Vouta

MAX526/MAX! o i
Vg, i -DGND i
e

NOTES: () ARE FORMAXSDZ. .
IGITAL INPUTS NOT SHOWN:

Figure 8. AGND Bias Circuit

/W/j lt/w

: 4 MAXS26
| oD} MAXS27
NSB17 % -

—

Figure 9. When Vs and Vpp cannot be sequenced tie a
Schottky diode between-Vss and AGND

%67
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__Ordering Information {continuéd) : . Chip Topography

T INL
. PART TEMP FIANGE PIN-PACKAGE (LSBs)

MAX527ACNG 0°Cto+70°C 24 Narow. Plastlc DIP  *1/2
MAX527BCNG  0°Ct0+70°C 24 Narrow Plastic DIP  +1

MAX527ACWG 0°C1o+70°C 24 Wide SO +1/2
MAX527BCWG 0°C1o +70°C 24 Wide SO +
MAX527BC/D  0°Cto+70°C Dice* +1

MAX527AENG -40°C to +85°C , 24 Narrow Plastic DIP  +1/2
MAX527BENG -40°C to +85°C ; 24 Narrow Plastic DIP_ +1
MAX527AEWG -40°C 16 +85°C 24 Wide SO +1/2
MAX527BEWG -40°C10 +85°C 24 Wide SO +1
MAX527AMYG -55°C to +125°C 24 NarowCeramicSB™  +1/2
MAX527BMYG -55°C 10 +125'C 24 NamowCeramicSB™  +1

* Contact factory for dice specifications.
**Contact factory for availability and processing to MIL-STD-883.

SUBSTRATE CONNECTS TO Vpp;
TRANSISTOR COUNT: 2720.

Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are imhlied.
Mavxim reserves the right to change the circuitry and specifications without notice at any time.
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