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General Description

The MAX509/MAX510 are quad, serial-input, 8-bit volt-
age-output digital-to-analog converters (DACs). They
operate with a single +5V supply or dual 5V supplies.
Internal, precision buffers swing rail-to-rail. The refer-
ence input range includes both supply rails.

The MAX509 has four separate reference inputs, allow-
ing each DAC's full-scale range to be set independently.
20-pin DIP, SSOP, and SO packages are available. The
MAX510 is identical to the MAX509 except it has two ref-
erence inputs, each shared by two DACs. The MAX510
is housed in space-saving 16-pin DIP and SO packages.

The serial interface is double-buffered: A 12-bit input
shift register is followed by four 8-bit buffer registers and
four 8-bit DAC registers. A 12-bit serial word is used to
load data into each register. Both input and DAC regis-
ters can be updated independently or simultaneously
with single software commands. Two additional asyn-
chronous control pins provide simultaneous updating
(LDAC) or clearing (CLR) of input and DAC registers.

The interface is compatible with Microwire™ and SPIf
QSPIT™™_ Al digital inputs and outputs are TTL/CMOS
compatible. A buffered data output provides for read-
back or daisy-chaining of serial devices.

Functional Diagrams

CIR
DOU{ | LDAC AGIND DGIND Vss Vpp REFB  REFA
1 | 1 |

L

DA@_ o
+

—

12BIT _[iNpuT DAC
SHIFT T [REGB REGB pAC B> +
REGISTER

v Y -
inpuT| [ pac >
REG CH REGC I_'| DAC C> .
R Y -
=R weiT] [ oAc ]
CONTROL _’{REG o[™resD DACD

T 11 1 !
TS DIN SCLK REFC  REFD
Functional Diagrams continued at end of data sheet.
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Quad, Serial 8-Bit DACs

with Rail-to-Rail Outputs

Features
Single +5V or Dual +5V Supply Operation

Output Buffer Amplifiers Swing Rail-to-Rail
Reference Input Range Includes Both Supply Rails
Calibrated Offset, Gain, and Linearity (1LSB TUE)

10MHz Serial Interface, Compatible with SPI, QSPI
(CPOL = CPHA = 0) and Microwire

Double-Buffered Registers for Synchronous
Updating

Serial Data Output for Daisy-Chaining

4 Power-On Reset Clears Serial Interface and Sets
All Registers to Zero

Ordering Information

> ¢ > >0

*

L 4

TUE

PART TEMP. RANGE PIN-PACKAGE (LSB)
MAXS09ACPP 0Ttw+70T 20 Plastic DIP~ £1
MAX509BCPP 0TCTto+70T 20 Plastic DIP +11/2
MAX508ACWP 0Cto+70C 20 Wide SO +1
MAX508BCWP 0Ct0+70T 20 Wide SO =112
MAX509ACAP 0Ct0+70T 20 3S0OP +1
MAX509BCAP QT +70T 20 SSOP =11/2
MAX509BC/D 0Tt +70C Dice* =1 1/2

Ordering Information continued on last page.
* Dice are specified at +25 T, DC parameters only.
“*Contact factory for availability and processing lo MIL-STD-883.

Pin Configurations

TOP VIEW

oute [1] o] outc
outa [2] 0] outo

Uss [3] amaxcima fiEl voo

Rees o] maxsos i) rerc
REFA 5] [15] reEFO
AGND 6] 5] &5

ve 7] [14] n.c.
DGND [] [13] scik

(DACTg [12] oI
pouT [1g! [11] IR
DIP/SO/SSOP
Pin Confiqurations continued at end of data sheet.

Microwire is a trademark of National Semiconductor. SPI and QSPI are trademarks of Motorola.
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Quad, Serial 8-Bit DACs
with Rail-to-Rail Outputs

ABSOLUTE MAXIMUM RATINGS

16-Pin Plastic DIP (derate 10.53mW/ T above +70 T)....842mwW
16-Pin Wide SO (derate 9.52mwW/ T above +70 T) ..
16-Pin CERDIP (derate 10.00mW/ T above +70 T)

Note: The outputs may be shorted to Vpp: Vss, or AGND if the package power dissipation is not exceeded. Typical short-circuit current
to AGND is 50mA. Do not bias AGND more than +1V above DGND, or more than 2.5V below DGND.

=
W=  Vppio DGND.. ..-0.3V, +6V 20-Pin Plastic DIP {derate 11.11mW/ T above +70 T)....889mwW
ln VDD to AGND.... .-0.3V, +6V 20-Pin Wide SO (derate 10.00mW/ T above +70 T).,
Vssto DGND.... 20-Pin SSOP {derate 10.00mwW/ T abave +70TC) ......
>< Vss 10 AGND . BV, +0.3V 20-Pin CERDIP (derate 11.11mW/ T above +70 T) ........
< VDD 10 VsS 0.3V, +12v Operating Temperature Ranges:
E Digitat input Voltage to DGND ... -0.3V. (Vpp + 0.3V) 0Cto+70C
REF_..... . (Vss - 0.3V). (VDD + D.3V) .-40Tto +85 T
E ouT_. JRRTUROR ..VDD, Vss ...-65TC10 +125T
° Maximum Current into Any Pin... Storage Temperature Range....... -65Cto +150 T
ln Continuous Power Dissipation {Ta = +70 T) Lead Temperature (soldering, 10S€E) ...cccccveverirerarinrnnnn. +300 T

Stresses beyond those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ralings only, and functional
operation of the device at these ar any other conditions bayond 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

(VDD = +5V £10%, Vgg = OV 10 -5.5V, VREF = 4V. AGND = DGND = 0V, Ry = 10kQ, C_ = 100pF. TA = TM|N to TMAX'
unless otherwise noted.)

PARAMETER | SYMBOL ] CONDITIONS MIN TYP MAX | UNITS
STATIC ACCURACY
Resolution 3 Bits
VREF = +4V, MAX5_ _A =1
Vgg = OV or -5V +10% MAX5_ B +1.5
Total Unadjusted Error TUE — LSB
VREF = -4V, MAX5_ _A +1
Vsg = -5V 210% MAX5__8 +15
Differential Nonlinearity DNL Guaranteed monotonic +1 LSB
MAX5_ _C 14
Code = 00 hex, T
Vg = OV MAX5_ _| 16
MAX5_ _M 20
Zero-Code Error ICE mv
Cod 0o MAX5_ _C =14
ode = eX.
Vsg - -5V £10% MAXS_ £ =16
MAX5_ _M +20
i Code = 00 hex, Vpp = 5V £10%,
Zero-Code-Error Supply Rejection Vss = OV or -5V £10% 1 2 mv
Zero-Code
Temperature Coefficient Code = 00 hex +10 Wi
Full-Scale Frror Code = FF hex 14 my
Code = FF hex, MAXS_ € !
Full-Scale-Error Supply Rejection VpD = +5V £10%, MAXS_ _E 1 8 myv
Vsg = OV or -5V +10% MAXS M 1 12
Fuli-Scale-Error
Temperature Coefficient Code = FF hex =10 Wi
2 MAXIMN
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Quad, Serial 8-Bit DACs
with Rail-to-Rail Outputs

ELECTRICAL CHARACTERISTICS (continued)

(VDD = +5V £10%, Vgg = OVto -5.5V, VREF = 4V, AGND = DGND = 0V, R = 10kQ, C_ = 100pF. Ta=TMmiNntO TMAX
unless otherwise noted.)

PARAMETER ! SYMBOL [ CONDITIONS MIN TYP MAX | UNITS
REFERENCE INPUTS
Input Voltage Range Vss VDD \
Input Resistance (Note 1) Code = 55 hex MAXS09 16 24 kQ
MAX510 8 12
Input Capacitance (Note 2) Code = 00 hex MAX509 15 pF
MAX510 30
Channel-to-Channel Isolation (Note 3) -60 dB
AC Feedthrough (Note 4} -70 daB
DAC OUTPUTS
Full-Scale Qutput Voltage Vss Vob v
VREF = 4V, load regulation < 1/4LSB 2
VRFF = -4V, Vgg = -5V +10%, 2
load regulation < 1/41 5B
Resistive Load VREF = Voo MAX5_ C/E, 10 kQ
load regulation £ 1LSB
VREF = VDQ MAX5_ _M, 10
load regulation < 2LSB
DIGITAL INPUTS
Input High Voltage VIH 2.4 \Y
Input Low Voitage ViL 0.8 \
Input Current N VIN = OV Or VDD 1.0 HA
Input Capacitance Cin (Note 5) 10 pk
DIGITAL OQUTPUTS
Output High Voltage VoH ISOURCE = 0.2mA Vpp-0.5 v
Output Low Voltage VoL ISiNK = 1.6mA 0.4 A
DYNAMIC PERFORMANCE
MAX5_ _C 1.0
Voltage-Output Slew Rate Positive and negative MAXS_ _E 0.7 Vius
MAX5_ _M 0.5
Output Settling Time (Nate 6) Te 1/2LSB, 10k I} 100pF load 6 us
Digital Feedthrough gg:_leo\:/ ?é)\?s;' all digital inputs 5 nv-s
Digital-to-Analog Glitch Impulse Code 128—127 12 nv-s
VREF = 4Vpp al 1kHz, Vpp = 5V. 87
Signal-to-Noise + Distortion Ratio SINAD code = FF hex daB
VREF = 4Vpp at 20kHz, Vss = -5V +10% 74
Multiplying Bandwidth VREF = 0.5Vp.p, 3dB bandwidth 1 MHz
Wideband Amplifier Noise 60 HUVRMS
MNAXIMN 3
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Quad, Serial 8-Bit DACs
with Rail-to-Rail Outputs

ELECTRICAL CHARACTERISTICS (continued)

(Vpp = +5V +10%, Vgg = OV 10 -5.5V, Ve = 4V, AGND = DGND = 0V, R =10k, C| = 100pF, Ta = Tpqin t0 Tpax:
uniess otherwise noted.)

Note 1: Input resistance is code dependent. The lowest input resistance occurs at code = 55 hex.

Note 2: Input capacitance is code dependent. The highest input capacitance occurs at code = 00 hex.

Note 3: VREF = 4Vp.p, 10kHz. Channel-to-channel isolation is measured by setting the cede of one DAC to FF hex and setting the
code of all other DACS to 00 hex.

Note 4: VREF = 4Vpp, 10kHz. DAC code = 00 hex.

Note 6: Guaranteed by design.

Note 6: Output settling time is measured by taking the code from 00 hex to FF hex. and from FF hex to 00 hex.

TIMING CHARACTERISTICS
(Vpp = +5V £10%, Vgg = 0Vto -5V, VR = 4V, AGND = DGND = QV, CL =50pF, Ta = TN (O TMAX. uUnless otherwise noted.)

L
x PARAMETER | SYMBOL I CONDITIONS MIN TYP MAX | UNITS
< POWER SUPPLIES

Positive Supply Voltage VDD For specified performance 4.5 5.5 \
§ Negative Supply Voltage Vss For specified performance -5.5 0 \
C} Positive Supply Current ] Outputs unloaded, all MAXS_ _C/E > 10 mA
° ’ > SUpply oo digital inputs = OV or Vpp | MAX5__M 5 12
m Vss = -5V £10%, outputs | pMAX5  C/E 5 10

Negative Supply Current 155 unluaded, all digital — mA
> inputs = OV or Vo MAX5__M 5 12

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
_ MAX5_ _C/E 40 20
DAC Pul i —=
LDAC Pulse Width Low tLow MAXS. M 0 o5 ns
CS Rise to LDAC Fall Setup Time tcLL (Notes 7, 8) 0 ns
. . MAX5_ _C/E 40 20
CLR Puise Width Low lcLw MAXS M 50 5 ns
SERIAL INTERFACE TIMING
= MAXS5_ _C/E 40
T ) !
CS Fall to SCLK Setup Time Ccss MAX5_ M 50 ns
SCLK Fali to CS Rise Hold Time tCcsH2 0 ns
SCLK Rise to CS Rise Hald Time tCsH1 {Note 9) 40 ns
SCLK Fallto CS Fall Hoid Time LCSHO (Note 7) 0 ns
MAX5_ _C/E 40
DIN 1 K Ri Time [{ —
0 SCLK Rise Setup Tim DS MAX5. M 0 ns
DIN to SCLK Rise Hold Time IDH 0 ns
MAX5_ _C/E 20 125
SCLK Clock F fi ——
Ck Frequency CLK MAXS5__M 20 10 MHz
MAXS_ _C/E 40
SCLK Pulse Width High —
ulse Wi ig tcH MAYE. M 50 ns
MAXS__C/E 40
SCLK Puise Width — -
,U se Width Low tcL MAXE M 50 ns
MAXS5_ _C/E 10 100
K Y H ——
SCLK to DOUT Vvalid ()6} A M 0 100 ns

Note 7: Guaranteed by design.

Note 8: If LDAC is activated prior to CS's rising edge, it must stay low for tLpw or longer after CS goes high.
Note 9: Minimum delay from 12th clock cycle to CS rise.

4 MAXIMN
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Quad, Serial 8-Bit DACs
with Rail-to-Rail Outputs

Typical Operating Characteristics

(Ta = +25 T, unless otherwise noted.)

OUTPUT SINK CURRENT OUTPUT SOURCE CURRENT SUPPLY CURRENT
vs. (Vout - Vss) vs. OUTPUT VOLTAGE vs. TEMPERATURE
12 - 26 2 7
// H ] lREF I H %
g Vpp = VREF = +5V g s
10 7 3 20 ™S ves-onD .
N = Y
/ YIGITAL INPUT = FF HEX z RS
8 \ = S
z / 215 g 4 |t
E 6 / £ \ -3 Iss ~
5 = \ 2
3 310 S
N z
4 \ S 5, L Voo=+s5v
/ Vop = VREF = +5V 5 A ngSE; :545\;5
2 Vss = GND = OV 8 1 : ]
ALL DIGITAL INPUTS = 00 HEX ALL DIGITALINPUTS = +5V
o T N 0 0 I I
0 02 04 06 08 10 12 36 38 40 42 44 46 48 50 60 -40 -20 0 20 40 60 80 100120 140
Vour - Vss (V) Voyr (V) TEMPERATURE (°C)
SUPPLY CURRENT THD + NOISE AT DAC OUTPUT
THD + NOISE AT DAC OUTPUT
. RE vs. REFERENCE FR
. vs. REFERENCE VOLTAGE vs. REFERENCE AMPLITUDE » RENCI EQUENCY o
3 . T T 1T 1 8
3 40 — 5 1%
] Vop = +5V | 5 Vop = +5V 2
5 H 45 e T : 30 | ves - -5v g
L Vg = OV 50 |- INPUT CODE < FF HEX Z INPUT CODE = FF HEX )
Vsg = -5V [T 4 & 40 | FREQ - SWEPT 1% =
4 X g 55 s B v 2
. = / S / o
< \. w -60 01% = & -50 2
E a a3 VREF = 8Vp- =3
3 S 65 S = ¢ ‘ =
8 2 65 = p
E = \ 2 %60 v 0% 5
, g FREQ = 20kHz = o = v / =
= 95 A -l = 770 }-VREF - vpp ;;
Vo - 15V w = FREQ - 1kHz +_,.ﬁl y
" Fallwocic o X 1/ 001% g0 e 0019
. INPUTS = +5V - \\_,__)J 90 T T 1T
S5 4 320 0 1 2 3 4 5 0 2 4 6 8 10 10 100 1k 10k 100k
VREF VOLTAGE (V) REFERENCE AMPLITUDE (Vp-p) REFERENCE FREQUENCY (H2)
REFERENCE VOLTAGE INPUT REFERENCE VOLTAGE INPUT REFERENCE VOLTAGE INPUT
FREQUENCY RESPONSE FREQUENCY RESPONSE FREQUENCY RESPONSE
T ; :
2 5 0 = S
0 Y i (Tl 0 S i
8. N € 10 . | LH
5 = =
5 NI S \ 5 \
3 .20 SR ¥ 2 .20
£ S s
= = g
= 30 I -30 - I -30
L Vpp = +5V o Vpp = +5V &
I~ Vss = AGND 1] ™ Vss = AGND i - Vpp = +5V
40 |- VREF = 2.5VDC + 0.5Vp-p SINE WAVE || 40 | VREF = 25VDC + 0.05Vp-p SINE WAVE 40 k¥SRSE : '5zvsvnc oL
”l ||| |” ERRETTT Illl\llp>plllllllll ]
1k 0k 100k ™ 10M 1k 10k 100k ™ 10M K 10k 100k ™ 10M
FREQUENCY (H2) FREQUENCY (Hz) FREQUENCY (Hz)
MAXIMN 5
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Quad, Serial 8-DACs
with Rail-to-Rail Outputs

Typical Operating Characteristics (continued)

(TA = +25 T, unless otherwise noted.)

ZERO-CODE ERROR
vs. NEGATIVE SUPPLY VOLTAGE WORST-CASE 1LSB DIGITAL STEP CHANGE REFERENCE FEEDTHROUGH AT 40kHz

T 1
L Vop = +5V

\ VREF = +4V ]

o
=]

A0S o

m
hadl-
)

RROR (mV)
a &
[N

ZERC-CODE E|
IS
=)

w
]

MAX509/MAX510

bad
o

S i
34 A= G5, 2vidiv A=REFA. 10V
o 42 3 4 5 6 B - OUTA. 20my - B = OUTA. 100 V/div, UNLOADED
Vss (V) ‘ ! TIMEBASE = 10ps/div
55 TIMEBASE = 200ms/div
Vho = +5V, Vsg = -5V
CODE = ALL 0s

REFERENCE FEEDTHROUGH AT 4kHz REFERENCE FEEDTHROUGH AT 4001z

A= REFA, 10Vpp A= REFA, 10V A= REFA, 10Vp.p
B = OUTA, 50uVidiv. UNLOADED B = OUTA, 50uV/div, UNLOADED B = QUTA, 50uV/div, UNLOADED
TIMEBASE = 50ps/div TIMEBASE = 100us/div TIMEBASE = Tms/div

6
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Quad, Serial 8-Bit DACs
with Rail-to-Rail Outputs

Typical Operating Characteristics (continued)

(Ta = +25 T, unless otherwise noted.)

POSITIVE SETTLING TIME
(Vss = AGND OR -5V)

—_

CLOCK FEEDTHROUGH

A=SCLK, 333kHr A =DIGITAL INPUT, 5V/div

B=0UT_, 10mV/div B=0UT_, 2Vidiv
TIMEBASE = 2us/div TIMEBASE - Tus/div
Voo = +5V
REF_ = +4v

ALL BITS OFF TO ALL BITS ON
R, = 10KE2, € = 100pF
NEGATIVE SETTLING TIME NEGATIVE SETTLING TIME
Vss = -5V)

A= DIGITAL INPUT, 5Vidiv A = DIGITAL INPUT, 5V/div

B=0UT_, 2Vidiv B-OUT_, 2Vidiv
TIMEBASE - 1ps/diy TIMEBASE = Tys/div
Vo = +5V Vpp = +8Y

REF_ = +4V REF_ = +4V

ALL BITS ON TO ALL BITS OFF

ALLBTSONTO ALL BITS OFF

R = 10kQ2, C = 100pF R( = 10k, C = 100pF

MAXIM 7
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Quad, Serial 8-Bit DACs
with Rail-to-Rail Outputs

=] Pin Description
L o]
m PN M FUNCTION
D¢ | MAXS0S [ MAXs10 NAME !
< 1 1 ouTB DAC B Valtage Output
E 2 2 OUTA DAC A Voltage Output
~
m 3 3 Vss Negative Power Supply, OV 10 -5V +10%. Cannect to AGND for single-supply operation.
g 4 - REFB Reference Voltage Input for DAC B
* - 4 REFAB Reference Voltage Input for DACs A and B
< S - REFA Reference Voltage Input for DAC A
E 6 5 AGND Analog Ground
7.14 - N.C. Not Internally Connected
8 6 DGND Digital Ground
9 7 TDAT Load DAC input (active low). Driving this asynchronous input low (level sensitive)
transfers the contents of each input latch to its respective DAC latch.
10 8 DOUT Serial Data Output. Can sink and source current. Data at DOUT is adjustable to be
clocked out on rising or falling edge of SCLK.
11 9 TR Clear DAC input (active low). Driving CLR low causes an asynchronous clear of input
and DAC registers and sets all DAC outputs to zero.
12 10 DIN Serial Data Input. TTL/ICMOS-compatible input. Data is clocked into DIN on the
rising edge of SCLK. CS must be low for data to be clocked in.
Seriat Clock Input. Data is clocked in an the rising edge and clocked out on either the
13 11 SCLK L .
rising (default) or the falling edge.
== Chip-Select Input (active low). Data is shifted in and out when TS is low. Programming
15 12 CS e
commands are executed when CSrises.
16 - REFD Reference Voltage Input for DAC D
- 13 REFCD Referance Voltage Input for DACs C and D
17 - REFC Reference Voltage Input for DAC C
18 14 VoD Positive Power Supply, +5V +10%
19 15 OuTD DAC D Qutput Voitage
20 16 ouTC DAC C Output Voltage
8 MAXIMN
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Detailed Description

Serial Interface
At power-on, the serial interface and all DACs are
cleared and set to code zero. The serial data output
(DOUT) is set to transition on SCLK's rising edge.

The MAX509/MAXS510 communicate with microproces-
sors through a synchronous, full-duplex, 3-wire inter-
face (Figure 1). Data is sent MSB first and can be
transmitted in one 4-bit and one 8-bit (byte) packet or
in one 12-bit word. If a 16-bit control word is used, the
first four bits are ignored. A 4-wire interface adds a line
for LDAC and allows asynchronous updating. The serial
clock (SCLK) synchronizes the data transfer. Data is
transmitted and received simultaneously.

Figure 2 shows a detailed serial interface timing.
Please note that the clock should be low if it is stopped

Quad, Serial 8-Bit DACs
with Rail-to-Rail Outputs

between updates. DOUT does not go into a high-
impedance state if the clock or CSis high.

Serial data is clocked into the data registers in MSB-
first format, with the address and configuration infor-
mation preceding the actual DAC data. Data is
clocked in on SCLK's rising edge while CS is low. Data
at DOUT is clocked out 12 clock cycles later, either at
SCLK's rising edge (default or mode 1) or falling edge
(mode 0).

Chip select (CS) must be low to enable the DAC. If CS
is high, the interface is disabled and DOUT remains
unchanged. CS must go low at least 40ns before the
first rising edge of the clock pulse to properly clock in
the first bit. With CS low, data is clocked into the
MAX509/MAX510's internal shift register on the rising
edge of the external serial clock. SCLK can be driven
atrates up to 12.5MHz.

| INSTRUCTION |
! EXECUTED 1

[ [

Al:A0 €1 Co 07 D6 D5 04 D3 D2 D1 DO At

Msg LsB
ey

N

DACA

pout
MODE 1
(DEFAULT)

AL A0 C1 CO 07 D6 D5 D4 D3 D2 D1 DO A
i )

DATA FROM PREVIOUS DATA INPUT

:

:

T

;

DouT -
MODE 0 :

A A C1 O D7

D6 D5 D4 D3 D2 D1 DO Al

/1 0888/, 0000008 ////A

Al A0 C1 €O D? D6 D5 D4 D3 D2 DI DO Al
MsB LS8
— _/
DACD
ces
A A0 C1 CO D7 D6 D5 D4 D3 Dz D1 DO Al
_—y

DATA FROM PREVIQUS DATA INPUT

™

Al A0 CY CO D7 Dé D5 D4 D3 0z D1 DO Al

Figure 1. MAX509/MAX510 3-Wire Interface Timing

MAXIMN
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Quad, Serial 8-Bit DACs
with Rail-to-Rail Outputs

— (CLL

:vf - Icss—*—-— tCH —

DIN

XOLOOOOOOOOCOOOTOT
g

MAX509/MAX510

> lesiz .
aen ) /" <
’

)
- ICSH ——)
H

AT
BN

DouT

LDAC

NOTE: TIMING SPECIFICATION tey( 1S RECOMMENDED TO MINIMIZE OUTPUT GLITCH, BUT IS NOT MANDATORY.

Figure 2. Detailed Serial Interface Tirming (Mode 0 Shown)

Table 1. Serial-Interface Programming Commands

12-Bit Serial Word LDAC Functi
unction
Al A0 c1 co D7........ Do
0 0 0 1 8-Bit DAC Data 1 Load DAC A input register, DAC output unchanged.
0 1 0 1 8-Bit DAC Data 1 Load DAC B input register, DAC output unchanged.
1 0 0 1 8-Bit DAC Data 1 Load DAC C input register, DAC output unchanged.
1 1 0 1 8-Bit DAC Data 1 Load DAC D input register, DAC output unchanged.
0 0 1 1 8-Bit DAC Data 1 Load input and DAC register A.
0 1 1 1 8-Bit DAC Data 1 Load input and DAC register B.
1 o} 1 1 8-Bit DAC Data 1 Load input and DAC register C.
1 1 1 1 8-Bit DAC Data 1 Load input and DAC register D.
X o} o} [} 8-Bit DAC Data X Update all DACs from shift register.
X 1 0 0 XXXXXXXX X No Operation (NOP}, shifts data in shift register.
0 X 1 0 XX XXX XXX X f‘LDAC” (_:ommand, all DACs updated from respective
input registers.
Mode 1, DOUT clocked out on rising cdge of SCLK
1 1 1 0 XXXXXXXX X (default). All DACs updated from respective input
registers.
Mode 0, DOUT clocked out on falling edge of SCLK.
! 0 ! o XXXXX XXX * All DACs updated from input registers.

10
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Serial Input Data Format and Control Codes
The 12-bit serial input format shown in Figure 3 com-
prises two DAC address bits (A1, AQ), two control bits
(C1, C0) and eight bits of data (D0...D7).

The 4-bit address/control code configures the DAC as
shown in Table 1.

LSB
DOUT— A1 AD C1 CO D/ D6 *»* D1 DO om

This is the first bit shifted in
¥ MSB

Control and
Address bits

8-bit DAC data

Figure 3. Serial Input Format

Load Input Register, DAC Registers Unchanged
{Single Update Operation)

a1 [aofci1]co D7]D6|D5|D4|03|D2[D1|Do
Address | 0 1 8-Bit Data
{(LDAC = H)

When performing a single update operation, A1 and A0
select the respective input register. At the rising edge
of CS, the selected input register is loaded with the cur-
rent shift-register data. All DAC outputs remain
unchanged. This preloads individual data in the input
register without changing the DAC outputs.

Load Input and DAC Registers

A1faofci]co D7|D6|D5]D4[03|02|D1]Do
Address | 1 1 8-Bit Data
(CDAC = H)

This command directly loads the selected DAC register
at CS's rising edge. A1 and AO set the DAC address.
Current shift-register data is placed in the selected
input and DAC registers.

For example, to load all four DAC registers simultaneously
with individual settings (DAC A = 1V, DAC B = 2V, DAC
C = 3Vand DAC D = 4V), five commands are required.
First, perform four single input register update opera-
tions. Next, perform an "LDAC" command as a fifth
command. All DACs will be updated from their respec-
tive input registers at the rising edge of CS.

MAXIMN

Quad, Serial 8-Bit DACs

with Rail-to-Rail Outputs

Update All DACs from Shift Registers

A1 laofc1]co D7|DB{D5]D4|D3|D.2|D1]D0
x 0]0 0 8-Bit DAC Data
(CDAC = x)

All four DAC registers are updated with shift-register
data. This command allows all DACs to be set to any
analog value within the reference range. This command
can be used to substitute CLR if code 00 hex is pro-
grammed, which clears ail DACs.

No Operation (NOP)
At Jaofci]co D7|D6|D5|D4|D3|02]D1|Do
X 1 0] 0 X X X X X X X X

(LDAC = x)

The NOP command (no operation) allows data to be shift-
ed through the MAX509/MAX510 shift register without
affecting the input or DAC registers. This is useful in daisy
chaining (also see the Daisy-Chaining Devices section).
For this command, the data bits are "Dont Cares.” As an
example, three MAX509/MAX510s are daisy-chained (A, B
and C), and DAC A and DAC C need to be updated. The
36-bit-wide command would consist of one 12-bit word for
device C, followed by an NOP instruction for device B and
a third 12-bit word with data for device A. At CS's rising
edge, only device B is not updated.

“LDAC” Command (Software)

A1 [rofci]co D7|06|D5[D4]03|02]D1|Do
0 X 1 4] X X X X X X X X
(IDAC = x)

All DAC registers are updated with the contents of their
respective input registers at CS's rising edge. With the
exception of using CS to execute, this performs the
same function as the asynchronous LDAC.

Set DOUT Phase — SCLK Rising (Mode 1, Default)

A1|Ao cifco D7|DG[D5|D4|D3|02[D1|D0

1 1 1 0 X X X X X X X X

(LDAC - x)

Mode 1 resets the serial output DOUT to transition at
SCLK's rising edge. This is the MAX509/MAX510's
dcfault setting after the supply voltage has been
applied.

The command also loads all DAC registers with the con-
tents of their respective input registers, and is identical to
the "LDAC" command.
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Quad, Serial 8-Bit DACs

with Rail-to-Rail Outputs

Set DOUT Phase — SCLK Falling (Mode 0)

A1[Ao c1{co D7|De|r)5{D41L)3|Dz]D1]Do

1 0 1 0 X X X X X X X X

(LDAC = x)

This command resets DOUT 1o transition at SCLK's falling
edge. Once this command is issued, the phase of DOUT is
latched and will nat change except on power-up or if the
specific command is issued that sets the phase to rising
edge.

The same command also updates all DAC registers with
the contents of their respective input registers, identical
the "LDAC" command.

LDAC Operation (Hardware)
LDAC is typically used in 4-wire interfaces (Figure 7).
LDAC allows asynchronous hardware control of the DAC
outputs and is level-sensitive. With LDAC low, the DAC reg-
isters are transparent and any time an input register is
updated, the DAC output immediately follows.

o Clear DACs with CLR
Strobing the CLR pin low causes an asynchronous clear of
input and DAC registers and sets all DAC outputs 1o zero.
Similar to the LDAC pin, CLR can be invoked at any time,
typically when the device is not selected {CS = H). When
the DAC data is all zeros, this function is equivalent to the
“‘Update all DACs from Shift Registers” command.

Digital Inputs and Outputs
Digital inputs and outputs are compatible with both TTL and
5V CMOS logic. The power-supply current (Ipp) depends
on the input logic levels. Using CMOS logic to drive CS,
SCLK, DIN, CLR and LDAC turns off the internal level trans-
lators and minimizes supply currents.

Serial Data Output
DOUT is the output of the internat shift register. DOUT can be
programimed to clock ot data on SCLK's falling edge (mode
0) or rising edge (mode 1). In mode 0, output data lags the
input data by 12.5 clock cycles, maintaining compatibility with
Microwire, SPI, and QSPI. In mode 1, output data lags the input
by 12 clock cycles. On power-up, DOUT defaults to mode 1
iming. DOUT never three-states; it always actively drives either
high or low and remains unchanged whenCS is high.

Interfacing to the Microprocessor
The MAX509/MAX510 are Microwire, SPI, and QSPI compati-
ble. For SPland QSP, clear the CPOL and CPHA configura-
tion bits (CPOL = CPHA = 0). The SPIQSPI CPOL = CPHA
= 1 configuration can also be used if the DOUT output is
ignored.

12

SCLK SK
SAAUN N
MAX509 DN S0
MAX510 MICROWIRE
PORT
DouT > Si
cs|e )

THE DOUT-SI CONNECTION 1S NOT REQUIRED FOR WRITING TO THE
MAX509/MAX510, BUT MAY BE USED FOR READ-BACK PURPOSES.

Figure 4. Connections for Microwire

DOUT >l MISO
MADAN
MAX509  pin MOSI
MAX510 SPI
PORT
SCLK et SCK
cs | 10

CPOL = 0,CPHA=0

IHE DOUT-MISO CONNECTION IS NOT REQUIRED FOR WRITING TO THE
MAXS0/MAX510, BUT MAY BE USED FOR READ-BACK PURPOSES.

Figure 5. Connections for SP/

The MAX509/MAX510 can interface with Intel's
BOCSX/BOC3X family in mode O if the SCLK clock polarity is
inverted. More universally, if a serial port is not available,
three lines from one of the parallel ports can be used for bit
manipulation.

Digital fecdthrough at the voltage outputs is greatly mini-
mized by operating the serial clock only to update the regis-
ters. Also see the Clock Feedthrough photo in the Typical
Operating Characteristics section. The clock idle state is low.

Daisy-Chaining Devices
Any number of MAX509/MAX510s can be daisy-chained by
connecting the DOUT pin of one device to the DIN pin of the
following device in the chain. The NOP instruction (Table 1)
allows data to be passed from DIN to DOUT without chang-
ing the input or DAC registers of the passing device. A three-
wire interface updates daisy-chained or individual
MAX509/MAX510s simultaneously by bringing CS high.

MAXIMN
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Quad, Serial 8-Bit DACs
with Rail-to-Rail Outputs

MAXIMN MAXIM M AXILAN
MAX509 MAX503 MAX509
SCLK - SCLK maxs10 SCLK pmAx510 SCLK maxs10
DIN DIN DoutT DIN DOUT DIN DOUT |——»
s »— S Cs s
TO OTHER
SERIAL DEVICES
MAXIM
MAX509
SCIK W SCLK ppaxs70
DIN Ww—o—3 DIN
T

Figure 6. Daisy-chained or individual MAX509/MAX510s are simultaneously updated by bringing CS high. Only three wires are

required.
DIN > oo )
SCLK - o
LDAC o= es
Cs1 m- s
Cs2 > . | TooMHER
Liz * SERIAL
CS3 — ’ sse | DEVICES
-
: L
Jcs L &5 cs
MNAXIN MNAXIMN _ MAXimM
LDAC MAX5D9 oac MAX509 oac MAX509 =y
MAX510 MAX510 MAX510
SCLK SCLK SCLK
DI DIN DIN

Figure 7. Muitiple MAX509/MAX510 DACs sharing one DIN fine. Simultaneously update by strobing LDAC, or specifically update by
enabling individual CS.
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Quad, Serial 8-Bit DACs
with Rail-to-Rail Outputs

REF

AGND %

SHOWN FOR ALL 1 ON DAC

Figure 8. DAC Simplified Circuit Diagram

If multiple devices share a common DIN line, Figure 7's
configuration provides simultaneous update by strob-
ing LDAC low. CST, CS2, CS3... are driven separately,
thus controlling which data are written to devices 1, 2, 3....

Analog Section

DAC Operation
The MAX509/MAX510 contain four matched voltage-
output DACs. The DACs are inverted R-2R ladder net-
works that convert 8-bit digital words into equivalent
analog output voltages in proportion to the applied ref
erence voltages. Each DAC in the MAX509 has a sepa-
rate reference input, while the two reference inputs in
the MAX510 each share a pair of DACs. The two refer-
ence inputs permit different full-scalc output voltage
ranges for each pair of DACs. A simplified diagram of
one of the four DACs is shown in Figure 8.

Reference input
The MAX509/MAX510 can be used for muitiplying
applications. The reference accepts both DC and AC
signals. The voltage at each REF input sets the full-
scale output voltage for its respective DAC(S). If the ref-
erence voltage is positive, both the MAX509 and
MAX510 can be operated from a single supply. If dual
supplies are used, the reference input can vary from
Vss to Vpp, but is always referred to AGND. The input
impedance at REF is code dependent, with the lowest
value (16k€2 for the MAX509 and 8k for the MAX510)
occurring when the input code is 55 hex or 0101 0101.
The maximum value, practically infinity, occurs when
the input code is 00 hex. Since the REF input imped-
ance is code dependent, the DAC's reference sources
must have a low output impedance (no more than 32Q
for the MAX509 and 16 for the MAX510) to maintain
output linearity. The REF input capacitance is also code

14

dependent: 15pF typical for the MAX509 and 30pF
typical for the MAX510.

The output voltage for any DAC can be represented by
a digitally programmable voltage source as:

VOUT = (NB x VREF) / 256

where NB is the numerical value of the DAC's binary
input code.

Output Buffer Amplifiers
All MAX509/MAX510 voltage outputs are internally
buffered by precision unity-gain followers that slew at
up to 1V/pus. The outputs can swing from Vss to Vpp.
With a OV to +4V (or +4V to OV) output transition, the
amplifier outputs will settle to 1/2LSB in typically 6ps
when loaded with 10kQ in parallel with 100pF.

The buffer amplifiers arc stable with any combination of
resistive loads = 2kQ and capacitive loads < 300pF,

Applications Information

Power Supply and

Reference Operating Ranges

The MAX509/MAX510 are fully specified to operate with

VDD = 5V +10% and Vss = OV to -5.5V. 8-bit perfor-

mance is guaranteed for both single- and dual-supply

operation. The zero-code output error is less than 14mv
when operating from a single +5V supply.

The DACs work well with reference voltages from Vss
0 Vop. The reference voltage is referred to AGND.

The preferred power-up sequence is to apply Vss and
then Vpp, but bringing up both supplies at the same
time is also acceptable. In either case, the voltage
applied to REF should not exceed VDD during power-
up or at any other time. If proper power sequencing is
not possible, connect an external Schottky diode
between Vss and AGND to ensure compliance with the
Absolute Maximurm Ratings. Do not apply signals to
the digital inputs before the device is fully powered up.

Power-Supply Bypassing

and Ground Management
In single-supply operation (AGND = DGND = Vss =
0V), AGND, DGND and Vss should be connected
together in a "star" ground at the chip. This ground
should then return to the highest quality ground avail-
able. Bypass Vpp with a 0.1pF capacitor, located as
close to Vpp and DGND as possible. In dual-supply
operation, bypass Vss to AGND with 0.1pF.

Careful PC board layout minimizes crosstalk among
DAC outputs, reference inputs, and digital inputs.
Figures 9 and 10 show suggested circuit board layouts
to minimize crosstalk.

MAXIMN
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SYSTEM GND
wie __—_© Q@ outs
D O © __— oura
Vip O @ g
REFC O @ rer8
REFD O [C 7

o 1) AGND

o o

o] o

o o

[o] o

SYSTEM GND
ouTC (%)} () 0ouTB
ouTd [©)] © OUTA
Voo [*)) @ Vss
REFCD [¢)) Q REFAB
o] a3 AGND
o o
s} o]
o (o]

Figure 9. Suggested MAX509 PC Board Layout for Minimizing
Crosstalk (Botton View)

Unipolar-Output, 2-Quadrant Multiplication
In unipolar operation, the output voltages and the refer-
ence input(s) are the same polarity. Figures 11 and 12
show the MAX509/MAX510 unipolar configurations.
Both devices can be operated from a single supply if
the reference inputs are positive. If dual supplies are
used, the reference input can vary from Vss to Vpp.
Table 2 shows the unipolar code.

Table 2. Unipolar Code Table

DAC CONTENTS ANALOG
MSB LsB OUTPUT
1111 1117 ~Veer (285
256
129
1000 0001 Veer (122
+VREF (256
1000 0000 Ve (128) o VREE
REF 256 2
127
0111 1111 Veer (227
REF (256)
0000 0001 “Vegr (_2___)
0000 0000 ov

Note: 1LSB = (VRep) (2°8) = +Vper (_2;_6)

MAXIMN

Figure 10. Suggested MAX510 PC Board Layout for Minimizing
Crosstalk (Bottom View)

Bipolar-Output, 2-Quadrant Multiplication
Bipolar-output, 2-quadrant multiplication is achieved by
offsetting AGND positively or negatively. Table 3 shows
the bipotar code.

AGND can be biased above DGND to provide an arbi-
trary nonzero output voltage for a 0 input code, as
shown in Figure 13. The output voltage at OUTA is:

VOUTA = Vpjag + (NB/256)(VIN).
Table 3. Bipolar Code Table

DAC CONTENTS ANALOG
MsB LsB ouTRUT
127
1111 1111 v R
*VREF (128 )
1000 0001 Veer (1o
TVREF (128)
1000 0000 ov
;
0111 1111 Vaer (-1
REF (128)
127
0000 0001 Veer (1L
REF (17_8)
0000 0000 Vrer (%g) = Veer
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REFERENCE INPUTS (V55 TO Vop) 45V
5 1 4 ]17 |76 18 |
|REFA"R[|'B REFC [REFD Voo
- 2
DAC A »-0UTA
.
. 1
DACE >-outs
SERIAL ht
INTERFACE ‘
NOT SHOWN [
- 20
0ACC »0UIC
B 19
DACD - OUTD
.
V. AGND DGND
MAAMN
X509 -5V {OR GND) —
Figure 11. MAX509 Unipolar Qutput Circuit
REFERENCE INPUTS (Vss TO Vpp) 5V
4 I 14
REFAB Voo
- 2
DAC A »-0UTA
.
- 1
DACE »0UT8
SERIAL :
INTERFACE
NOT SHOWN
- 16
DACC - 0UTC
*
- 15
DACD »-0UTD
.
Vss  REFCD AGND DGND
l 3 13 | 5 6
AMAXIAA 5y (0RGND) —
MAX510 -

Figure 12. MAX510 Unipolar Output Circuit

16

+5V

5 l1s
REFA Voo

2 o
DAC A »-QUTA
Vin +
5
AGND mMmam
MAX509

Vaias Vss DGND
IT E
= -5V (OR GND) =
+5Y

4 |14

RFFAR Voo

2 o
DAC A -QUTA
ViN +
A0 s mam
MAX510

Vaias Vss DGND
3 3
= -5V (OR GND) =

SERIAL INTERFACE NOT SHOWN

Figure 13. MAX509/MAX510 AGND Bias Circuits (Positive
Offset)

where NB represents the digital input word. Since
AGND is common to all four DACs, all outputs will be
offset by Vgjas in the same manner. Do not bias AGND
more than +1V above DGND, or more than 2.5V below
DGND.

Figures 14 and 15 illustrate the generation of negative
offsets with bipolar outputs. In these circuits, AGND is
biased negatively (up to -2.5V with respect to DGND) to
provide an arbitrary negative output voltage for a 0
input code. The output voltage at OUTA is:

OUTA = -(R2/R1)(2.5V) + (NB/256)(2.5V){R2/R1+1)

where NB represents the digital input word. Since
AGND is common to all four DACs, all outputs will be
offset by Vgjag in the same manner. Table 3, with
Vgep = 2.5V, shows the digital code vs. output voltage
for Figure 14 and 15's circuits with R1 = R2. The
ICL7612 op amp is chosen because its common-mode
range extends to both supply rails.
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Quad, Serial 8-Bit DACs
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REFERENCE INPUTS +5V
R §
51 4| 17 16 18 0.1puf
- I ()
5V SERIAL o0 = Q
INTERFACE Maxam
NOT SHOWN MAX509 3]
Q.1uF [:_ E
L 2
— p OUTA b
R1 RZ
330k 330k x
MAXIMN 0.1% 0.1%
MAX873 AAA ! e ous G
L +2.5V ﬂ
— 20
- 0UTC
Yo
ICL7617A / > U
Vss AGND DGND
3 6 8
0.1uFI
= - _
Figure 14. MAX509 AGND Bias Circuit (Negative Offset)
4-Quadrant Multiplication
Each DAC output may be configured for 4-quadrant
multiplication using Figure 16 and 17's circuit. One op
amp and two resistors are required per channel. With
R1 = R2:
Vout = Vrer [2(NB/256)-1]
where NB represents the digital word in DAC register A,
The recommended value for resistors R1 and R2 is
330kQ (+0.1%). Table 3 shows the digital code vs. out-
put voltage for Figure 16 and 17's circuit.
MAXIMN 17
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Quad, Serial 8-Bit DACs
with Rail-to-Rail Outputs

b REFERENCE INPUTS 45V
- I
1) . AEE ] _L -
Voo LTl
MDA L
* SERIAL MAX510 v —
< Io,mr INTERFACE ~
E L NOT SHOWN DACA 2 . outA
2
Rl R2 P
)
k
(Y Mmpam 330 330K s
vixars | s 0.1% 0.1% y
o S VW——WA—— DAC B L » OUTB
m l +5V *,
] = 01nf pACC 1 o ouic
! .
E - 15
ICL76T1A DACD — » OUD
0.1uF 'f
= :é: Vss AGND DGND
sy 3 5 B
0.pF -
= .V =g
Figure 15. MAX510 AGND Bias Circuit (Negative Offset)
REFERENCE INPUTS (Vss TO Vop) 45V
. 0——_|
+5V - 0.1uF
5| 41 17 16 18 —
0uf R R2 =
Voo I LT
AAADAA| =
3 MAX509 -
- 2 IcL7612A" Vour
DAC A .
. oUTA ;
0.apf
Cp . IR W=
SERIAL DACE =
INTERFACE ouT8
NOT SHOWN b
DACC 20
N oyt
Lp l 19 CL76128° Vour
DAC D
. ouTD
Vsg AGND OGND
_l__+ 3 s 8 v
R i
= = = “CONNECT ICL762A PIN 8 TO AGND
AGND OR -5V

Figure 16. MAX509 Bipolar Qutput Circuit
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Quad, Serial 8-Bit DACs
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REFERENCE INPUTS

+5V

ICL7612A" Vour
0.14F
Wt
SERIAL i
INTERFACE 5y
NOT SHOWN
0.1uF
"
R1 =
IS R
ICL7612A" Vour
T+
Vss AGND DGND L= 09uF
_rf 3 : s =
OWF =

AGND OR -5V CONNECT iCL7612A PIN 8 TO AGND

Figure 17. MAX510 Bipolar Output Circuit

__Functional Diagrams (continued) ___ Pin Configurations (continued)
CIR
pouy | ORC AGND DGND Vss Vo, REFD  REFA
Pl PN TOP VIEW
M
DECODE [ ]
\ OuTA outs 1] ~ [16] outc
INPUT DAC DAC A > ! 16
REG A || REG A N 0uTA [2] [16] outn
! | > vss (3} i [ voo
T8
12817 _llNPUTH DAC 0ACE > REFe 4] maxsio ] werco
SHIFT REG 5 {™1REG B . AGND TS
REGISTER [¢] 2] CS
‘ ! ~ o6ND [6] 1] scuk
ouTC —
_'[INPUT > Loac[7] [10] o
REG C . pouT [ o] CR
A B ouTD DIP/Wide SO
R INPUT
i >
X
T T T
T5 DIN 5CtK REFC  REFD
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Quad, Serial 8-Bit DACs
with Rail-to-Rail Outputs

Q _Ordering information (continued) Chip Topography
-~ MAX509/MAX510
'>4<3 PART TEMP. RANGE  PIN-PACKAGE (Ig:) Vss oUTE ouTD
MAX509AEPP 40T 1o +85T 20 Plastic DIP 1 | oure | ooure | Ve _
< MAX509BEPP  -40T 10 +85T 20 Plastic DIP <1 1/2 . :?REEF&D)I
E MAX509AEWP  40T10+85C 20Wide SO =1 | (REFAB) REFD
3 MAXS09BEWP 40T 1o +85T 20 Wide SO +11/2 (REFCD)
MAX509AEAP  -40CI0 +85C 20 SSOP =1 [~ &5
Qo MAX509BEAP 40 C1t0 +85T 20 SSOP 1172 REFA
W Taxc0saMP  55T100125C 20 CERDPT o1 (REFAB) — 0.121"
* MAX5098BMJP .55 T 10 +125 C 20 CERDIP™ 21 1/2 AGND — (3.07mm)
q MAX510ACPE 0T +70TC 16 Plastic DIP =1
E MAX510BCPE 0TW+70T 16 Plastic DIP 1172
MAX510ACWE 0T to +70C 16 Wide SO +1 DGND — SeLK
MAX510BCWE 0Tt +70T 16 Wide SO +11/2
MAXST10AFPE .40 Cto +85T 16 Plastic DIP  « LDAC DOUT CLR DIN
MAXS10BEPE 40T o +85C 16 Plastic DIP =1 1/2 < 0.128"
MAX510AEWE 40 C1o +85T 16 Wide SO +1 (3.25mm)
MAX510BEWE 40T to +85 T 16 Wide SO +11/2 NOTE: LABELS IN ( ) ARE FOR MAX510 ONLY.
MAX510AMJE 55Cto+125C 16 CERDIP*" +1 TRANSISTOR COUNT: 2235;
MAX510BMJE  -55C 10 +125C 16 CERDIP™ 21 1/2 SUBSTRATE CONNECTED TO VpD.

“"Contact factory for availability and processing to MIL-STD-883. _
Package Information

DM INCHES MILLIMETERS
MIN MAX MIN MAX
A | 0.068 | 0.078 1.73 1.99
Al } 0.002 | 0.008 0.05 0.21
‘1 rg H H H H H B | 0.010 ; 0.015 025 0.38
C 0.005 0.009 0.13 0.22
D 0.278 0.289 7.07 7.33
E 0.205 0.212 5.20 5.38
e 0.0256 BSC 0.65 BSC
H 0.301 0.311 7.65 7.90
ﬂ H ﬂ B a ﬂ ﬂ ﬂ L 0.0?2 0.0537 0.5{5 0.95
o [ 8 0 g
21-0003A

[at——— )~ *

Ty § » u%
ol 4 § [N J lj 20-PIN PLASTIC
A

B Al c SHRINK
SMALL-OUTLINE
PACKAGE
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