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General Description

The MAX5580-MAX5585 quad, 12-/10-/8-bit, voltage-
output, digital-to-analog converters (DACs) offer
buffered outputs and a 3us maximum settling time at the
12-bit level. The DACs operate from a +2.7V to +5.25V
analog supply and a separate +1.8V to +5.25V digital
supply. The 20MHz, 3-wire, serial interface is compati-
ble with SPI™, QSPI™, MICROWIRE™, and digital sig-
nal processor (DSP) protocol applications. Multiple
devices can share a common serial interface in direct-
access or daisy-chained configuration. The MAX5580-
MAX5585 provide two multifunctional, user-programma-
ble, digital I/O ports. The externally selectable power-up
states of the DAC outputs are either zero scale, mid-
scale, or full scale. Software-selectable FAST and SLOW
settling modes decrease settling time in FAST mode, or
reduce supply current in SLOW mode.

The MAX5580/MAX5581 are 12-bit DACs, the
MAX5582/MAX5583 are 10-bit DACs, and the
MAX5584/MAX5585 are 8-bit DACs. The MAX5580/
MAX5582/MAX5584 provide unity-gain-configured out-
put buffers, while the MAX5581/MAX5583/MAX5585
provide force-sense-configured output buffers. The
MAX5580-MAX5585 operate over the extended -40°C
to +85°C temperature range and are available in a
space-saving, 6.5mm x 4.4mm, 20-pin, TSSOP package.

SPI/QSPI are trademarks of Motorola, Inc.
MICROWIRE is a trademark of National Semiconductor Corp.
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Buffered, Fast-Settling, Quad,
12-/10-/8-Bit, Voltage-Output DACs

Features

L 2

3us (max) 12-Bit Settling Time to 0.5 LSB

Quad, 12-/10-/8-Bit Serial DACs in TSSOP
Package

+1 LSB (max) INL and DNL at 12-Bit Resolution
Two User-Programmable Digital /0 Ports
Single +2.7V to +5.25V Analog Supply

+1.8V to AVpp Digital Supply

20MHz, 3-Wire, SPI-/QSPI-/MICROWIRE-/DSP-
Compatible Serial Interface

Glitch-Free Outputs Power Up to Zero Scale,
Midscale, or Full Scale Controlled by PU Pin

4 Unity-Gain or Force-Sense-Configured
Output Buffers
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Applications

Portable Instrumentation

Automatic Test Equipment (ATE)

Digital Offset and Gain Adjustment
Automatic Tuning

Programmable Voltage and Current Sources
Programmable Attenuators

Industrial Process Controls

Motion Control

Microprocessor (uP)-Controlled Systems
Power Amplifier Control

Fast Parallel-DAC to Serial-DAC Upgrades

Pin Configuration appears at end of data sheet.

Ordering Information/Selector Guide

RESOLUTION INL OUTPUT BUFFER
PART (BITS) (LSB max) CONFIGURATION PIN-PACKAGE
MAX5580AEUP+ 12 +1 Unity gain 20 TSSOP-EP*
MAX5580BEUP+ 12 +4 Unity gain 20 TSSOP-EP*
MAX5581AEUP+ 12 +1 Force sense 20 TSSOP-EP*
MAX5581BEUP+ 12 +4 Force sense 20 TSSOP-EP*
MAX5582EUP+ 10 +1 Unity gain 20 TSSOP-EP*
MAX5583EUP+ 10 Force sense 20 TSSOP-EP*
MAX5584EUP+ 8 5 Unity gain 20 TSSOP-EP*
MAX5585EUP+ 8 +0.5 Force sense 20 TSSOP-EP*

+Denotes a lead-free/RoHS-compliant package.
*EP = Exposed paddle.

Note: All devices are specified over the -40°C to +85°C operating temperature range.

MAXIM

Maxim Integrated Products 1

For pricing delivery, and ordering information please contact Maxim Direct at 1-888-629-4642,
or visit Maxim’s website at www.maxim-ic.com.
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MAX5580-MAX5585

Buffered, Fast-Settling, Quad,
12-/10-/8-Bit, Voltage-Output DACs

ABSOLUTE MAXIMUM RATINGS

AVDD 10 DVDD e +6V
AGND 10 DGND ... +0.3V
AVDD 1o AGND, DGND.......oooooiiiiiiiicce -0.3V to +6V
DVpD to AGND, DGND ......ooooiiiiiiiiicicccee -0.3V to +6V
FB_, OUT_,

REF to AGND........ -0.3V to the lower of (AVpp + 0.3V) or +6V
SCLK, DIN, CS, PU,

DSP to DGND........ -0.3V to the lower of (DVpp + 0.3V) or +6V
UPIO1, UPIO2

toDGND ............... -0.3V to the lower of (DVpp + 0.3V) or +6V

Maximum Current into Any Pin ..o +50mA
Continuous Power Dissipation (Ta = +70°C)

20-Pin TSSOP (derate 21.7mW/°C above +70°C)........ 1739mW
Operating Temperature Range ............ccccccoevenn. -40°C to +85°C
Storage Temperature Range
Junction Temperature ...........ccooeeeviiiiiiii
Lead Temperature (soldering, 10S) ........ccoccvvviiieiiiieeenn, +300°C

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to 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

(AVpp = 2.7V to 5.25V, DVpp = 1.8V to AVpp, VAGND = 0, VDGND = 0, VRer = 2.5V (for AVpp = 2.7V to 5.25V), VRer = 4.096V (for
AVpD = 4.5V to 5.25V), RL = 10kQ, C|_ = 100pF, Ta = TmIN to TmAx, unless otherwise noted. Typical values are at Ta = +25°C.) (Note 1)

PARAMETER | SYMBOL | CONDITIONS | miN  TYP  mAX | UNITS
STATIC ACCURACY
MAX5580/MAX5581 12
Resolution N MAX5582/MAX5583 10 Bits
MAX5584/MAX5585 8
VREF = 2.5V at MAX5580A/MAX5581A (12 bit) +1
AVDD = 2.7V and | \AX5580B/MAX5581B (12 bit) +2 +4
Integral Nonlinearity INL VREF = 4.096V at LSB
AVDD = 5.25V MAX5582/MAX5583 (10 bit) +05 +1
(Note 2) MAX5584/MAX5585 (8 bit) +0.125 05
Differential Nonlinearity DNL Guaranteed monotonic (Note 2) +1 LSB
MAX5580A/MAX5581A (12 bit), decimal code = 250 +5
MAX5580B/MAX5581B (12 bit), decimal code = 40 +5 +25
Offset Error Vos - - mV
MAX5582/MAX5583 (10 bit), decimal code = 20 +5 +25
MAX5584/MAX5585 (8 bit), decimal code = 5 +5 +25
. m of
Offset-Error Drift 5 prS/OC
MAX5580A, VREF = 4.096V +1 15
MAX5580A, VREF = 2.5V +15 17
MAX5581A, VREF = 4.096V +0.5 +4
Gain Error GE Full-scale output | MAX5581A, VREF = 2.5V +1 15 LSB
MAX5580B/MAX5581B (12 bit) +20 +40
MAX5582/MAX5583 (10 bit) 15 +10
MAX5584/MAX5585 (8 bit) +2 +3
. . m of
Gain-Error Drift 1 |OFDS/OC
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Buffered, Fast-Settling, Quad,
12-/10-/8-Bit, Voltage-Output DACs

ELECTRICAL CHARACTERISTICS (continued)

(AVpp = 2.7V to 5.25V, DVpp = 1.8V to AVpp, VAGND = 0, VDGND = 0, VRer = 2.5V (for AVpp = 2.7V to 5.25V), VRer = 4.096V (for
AVpD = 4.5V t0 5.25V), RL = 10kQ, CL. = 100pF, Ta = TmIN to TmaAx, unless otherwise noted. Typical values are at Ta = +25°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
;(;\t/;/sr—Supply Rejection PSRR | Full-scale output, AVpp = 2.7V t0 5.25V 200 UV
REFERENCE INPUT
Reference-Input Range VREF 0.25 AVDD V
Reference-Input .

Resistance RREF Normal operation (no code dependence) 145 200 kQ
Reference Leakage Shutdown mode 0.5 1 uA
Current
DAC OUTPUT CHARACTERISTICS
Unity gain 85
SLOW mode, full scale
) Force sense 67
Output-Voltage Noise - - UVRMS
Unity gain 140
FAST mode, full scale
Force sense 110
Output-Voltage Range Unity-gain output 0 AVbD v
(Note 3) Force-sense output 0 AVpp/ 2
DC Output Impedance 38 Q
o AVpp = 5V, OUT_ to AGND, full scale, FAST mode 57
Short-Circuit Current mA
AVpp = 3V, OUT_ to AGND, full scale, FAST mode 45
Power-Up Time From DVpp, applied until interface is functional 30 60 us
Wake-Up Time Coming out of shutdown, outputs settled 40 us
Output QUT.‘ and FB_ Programmed in shutdown mode, force-sense
Open-Circuit Leakage 0.01 pA
outputs only
Current
DIGITAL OUTPUTS (UPIO_)
Output High Voltage VoH ISOURCE = 0.5mA D\é)DSD - v
Output Low Voltage VoL ISINK = 2mA 0.4 V
DIGITAL INPUTS (SCLK, CS, DIN, DSP, UPIO_)
DVpp = 2.7V 2.4
Input High Voltage v \%
P g g IH DVpp < 2.7V 0.7 x
DVDD
DVpp > 3.6V 0.8
Input Low Voltage ViL 2.7V<DVpp<3.6V 0.6 V
DVpp < 2.7V 0.2
Input Leakage Current [N +0.1 +1 pA
Input Capacitance CIN 10 pF
M AXI WV 3
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MAX5580-MAX5585

Buffered, Fast-Settling, Quad,
12-/10-/8-Bit, Voltage-Output DACs

ELECTRICAL CHARACTERISTICS (continued)

(AVpp = 2.7V to 5.25V, DVpp = 1.8V to AVpp, VAGND = 0, VDGND = 0, VRer = 2.5V (for AVpp = 2.7V to 5.25V), VRer = 4.096V (for
AVpD = 4.5V t0 5.25V), R = 10kQ, C| = 100pF, Ta = TmIN to Tmax, unless otherwise noted. Typical values are at Ta = +25°C.) (Note 1)

PARAMETER ‘ SYMBOL | CONDITIONS MIN TYP MAX UNITS
PU INPUT
Input High Voltage VIH-PU gggn?v v
Input Low Voltage VIL-PU 200 mV
Input Leakage Current IN-PU Pp still considered floating when connected to a £200 nA
tri-state bus
DYNAMIC PERFORMANCE
- FAST mode 3.6
Voltage-Output Slew SR Vius
Rate SLOW mode 1.6
MAX5580/MAX5581 from code 322 to 5 3
code 4095 to 0.5 LSB
FAST MAX5582/MAX5583 from code 10 to 15 3
mode code 1023 t0 0.5 LSB ’
MAX5584/MAX5585 from code 3 to ’ >
Voltage-Output Settling s code 25510 0.5 LSB s
Time (Note 4), Figure 5 MAX5580/MAX5581 from code 322 to 3 5
code 4095 to 0.5 LSB
SLOW MAX5582/MAX5583 from code 10 to o5 6
mode code 1023 0.5 LSB ’
MAX5584/MAX5585 from code 3 to 5 4
code 25510 0.5 LSB
FB_ Input Voltage 0 VREF/ 2 v
FB_ Input Current 0.1 pA
Reference -3dB Unity gain 200 KHz
Bandwidth (Note 5) Force sense 150
- CS = DVpp, code = zero scale, any digital input s
Digital Feedtfrough from 0 to DVpp and DVpp to 0, f = 100kHz 01 nv-s
Digital-to-Analog Glitch Major carry transition 2 nV-s
Impulse
DAC-to-DAC Crosstalk (Note 6) 15 nV-s
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Buffered, Fast-Settling, Quad,
12-/10-/8-Bit, Voltage-Output DACs

ELECTRICAL CHARACTERISTICS (continued)

(AVpp = 2.7V to 5.25V, DVpp = 1.8V to AVpp, VAGND = 0, VDGND = 0, VRer = 2.5V (for AVpp = 2.7V to 5.25V), VRer = 4.096V (for
AVpD = 4.5V t0 5.25V), RL = 10kQ, CL. = 100pF, Ta = TmIN to TmaAx, unless otherwise noted. Typical values are at Ta = +25°C.) (Note 1)

PARAMETER | SYMBOL | CONDITIONS | MIN  TYP  MAX | UNITS

POWER REQUIREMENTS
Analog Supply Voltage AVDD 270 505 v
Range ’ ’
Digital Supply Voltage DVpp 18 AVDD v
Range '

SLOW mode, all digital inputs | Unity gain 0.9 16

| at DGND or DVpp, no load,

Operating Supply AVPD | Vaer = 4.096V Force sense 16 24 A
Current IDVDD FAST mode, all digital inputs | Unity gain 16 4

at DGND or DVpp, no load,

VREF = 4.096V Force sense 2.3 4
Shutdown Supply lAVDDJ(rSHDN) No clocks, all digital inputs at DGND or DVpp, all 05 ’ A
Current DACs in shutdown mode ' H

IDVDD(SHDN)

Note 1: For the force-sense versions, FB_ is connected to its respective OUT_, and VOUT (max) = VREF / 2, unless otherwise noted.

Note 2: Linearity guaranteed from decimal code 250 to code 4095 for the MAX5580A/MAX5581A (12 bit, A grade), code 40 to code
4095 for the MAX5580B/MAX5581B (12 bit, B grade), code 20 to code 1023 for the MAX5582/MAX5583 (10 bit), and code 5
to code 255 for the MAX5584/MAX5585 (8 bit).

Note 3: Represents the functional range. The linearity is guaranteed at VREF = 2.5V (for AVDD from 2.7V to 5.25V), and VREF =
4.096V (for AVDD = 4.5V to 5.25V). See the Typical Operating Characteristics section for linearity at other voltages.

Note 4: Guaranteed by design.

Note 5: The reference -3dB bandwidth is measured with a 0.1Vp-p sine wave on VREF and with full-scale input code.

Note 6: DC crosstalk is measured as follows: outputs of DACA-DACD are set to full scale and the output of DACD is measured.
While keeping DACD unchanged, the outputs of DACA-DACC are transitioned to zero scale and the AVOUT of DACD
is measured.

MAXIM 5

G89SXVIN-08SSXVIN



Buffered, Fast-Settling, Quad,
12-/10-/8-Bit, Voltage-Output DACs

TIMING CHARACTERISTICS—DSP Mode Disabled (3V, 3.3V, 5V Logic) (Figure 1)
(DVDD = 2.7V t0 5.25V, AGND = DGND = 0, TA = TMIN to TMAX, unless otherwise noted.)

MAX5580-MAX5585

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

SCLK Frequency fscLk 2.7V < DVpp < 5.25V 20 MHz
SCLK Pulse-Width High tCH (Note 7) 20 ns
SCLK Pulse-Width Low tcL (Note 7) 20 ns
CS Fall to SCLK Rise Setup Time tcss 10 ns
SCLK Rise to CS Rise Hold Time tosH 5 ns
SCLK Rise to CS Fall Setup Time tcso 10 ns
DIN to SCLK Rise Setup Time tDs 12 ns
DIN to SCLK Rise Hold Time tDH 5 ns
ES};E;;E;OD[;%TDO Valid tho1 | CL = 20pF, UPIO_ = DOUTDC1 mode 30 ns
SCLK Fall to DOUT_ Valid CL = 20pF, UPIO_ = DOUTDCO or DOUTRB

Propagation Delay tbo2 mode 30 ns
CS Rise to SCLK Rise Hold Time tcst MICROWIRE and SPI modes 0 and 3 10 ns
CS Pulse-Width High tcsw 45 ns

UPIO_ TIMING CHARACTERISTICS

DOUT Tri-State Time when Exiting CL = 20pF, from end of write cycle to UPIO_

DOUTDCO, DOUTDCT, and UPIO tpoz in high impedance 100 ns
Modes
DOUTRB Tri-State Time from CS CL = 20pF, from rising edge of CS to UPIO_

; {DRBZ A 20 ns
Rise in high impedance
DOUTRB Tri-State Enable Time i CL = 20pF, from 8th rising edge of SCLK to 0 ns
from 8th SCLK Rise ZEN UPIO_ driven out of tri-state
LDAC Pulse-Width Low fiLoL Figure 5 20 ns
LDAC Effective Delay tLDS Figure 6 100 ns
CLR, MID, SET Pulse-Width Low tcms Figure 5 20 ns
GPO Output Settling Time tGgpP Figure 6 100 ns
GPO Output High-Impedance
Time tapz 100 ns
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Buffered, Fast-Settling, Quad,
12-/10-/8-Bit, Voltage-Output DACs

TIMING CHARACTERISTICS—DSP Mode Disabled (1.8V Logic) (Figure 1)
(DVDD = 1.8V to 2.7V, AGND = DGND = 0, TA = TMIN to TMAX, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

SCLK Frequency fscLk 1.8V < DVpp < 2.7V 10 MHz
SCLK Pulse-Width High tCH (Note 7) 40 ns
SCLK Pulse-Width Low tcL (Note 7) 40 ns
CS Fall to SCLK Rise Setup Time tcss 20 ns
SCLK Rise to CS Rise Hold Time tosH 5 ns
SCLK Rise to CS Fall Setup Time tcso 10 ns
DIN to SCLK Rise Setup Time tDs 20 ns
DIN to SCLK Rise Hold Time tDH 5 ns
ES};E;;E;OD[;%TDO Valid tho1 | CL = 20pF, UPIO_ = DOUTDC1 mode 60 ns
SCLK Fall to DOUT_ Valid CL = 20pF, UPIO_ = DOUTDCO or DOUTRB

Propagation Delay tbo2 mode 60 ns
CS Rise to SCLK Rise Hold Time tcs1 MICROWIRE and SPI modes 0 and 3 20 ns
CS Pulse-Width High tcsw 90 ns

UPIO_ TIMING CHARACTERISTICS
DOUT Tri-State Time when

CL = 20pF, from end of write cycle to UPIO_

Exiting DOUTDCO, DOUTDCA, tpoz o 200 ns
and UPIO Modes in high impedance
DOUTRB Tri-State Time from CS CL = 20pF, from rising edge of CS to UPIO_

; {DRBZ A 40 ns
Rise in high impedance
DOUTRB Tri-State Enable Time i CL = 20pF, from 8th rising edge of SCLK to 0 ns
from 8th SCLK Rise ZEN UPIO_ driven out of tri-state
LDAC Pulse-Width Low tLDL Figure 5 40 ns
LDAC Effective Delay tLDS Figure 6 200 ns
CLR, MID, SET Pulse-Width Low tcms Figure 5 40 ns
GPO Output Settling Time tgp Figure 6 200 ns
GPO Output High-Impedance
Time tapz 200 ns

MAXIM 7
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MAX5580-MAX5585

Buffered, Fast-Settling, Quad,
12-/10-/8-Bit, Voltage-Output DACs

TIMING CHARACTERISTICS—DSP Mode Enabled (3V, 3.3V, 5V Logic) (Figure 2)
(DVDD = 2.7V t0 5.25V, AGND = DGND = 0, TA = TMIN to TMAX, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
SCLK Frequency fscLK 2.7V < DVpp < 5.25V 20 MHz
SCLK Pulse-Width High tCH (Note 7) 20 ns
SCLK Pulse-Width Low tcL (Note 7) 20 ns
CS Fall to SCLK Fall Setup Time tcss 10 ns
DSP Fall to SCLK Fall Setup Time tDss 10 ns
SCLK Fall to CS Rise Hold Time tcsH 5 ns
SCLK Fall to CS Fall Delay tcso 10 ns
SCLK Fall to DSP Fall Delay tpso 10 ns
DIN to SCLK Fall Setup Time tps 12 ns
DIN to SCLK Fall Hold Time tDH 5 ns
SCLK Rise to DOUT_ Valid CL = 20pF, UPIO_ = DOUTDC1 or DOUTRB
Propagation Delay Dot mode 30 ns
i%ﬁgg:gs gglgyT- Valid tboz | CL = 20pF, UPIO_ = DOUTDCO mode 30 ns
CS Rise to SCLK Fall Hold Time tcs1 MICROWIRE and SPI modes 0 and 3 10 ns
CS Pulse-Width High tcsw 45 ns
DSP Pulse-Width High tpsw 20 ns
DSP Pulse-Width Low tpspwL | (Note 8) 20 ns
UPIO_ TIMING CHARACTERISTICS
DOUT Tri-State Time when .
Exiting DOUTDCO, DOUTDCH, 1007 %hi:gﬁ?ggef;g?oee”d of write cycle to UPIO_ 100 ns
and UPIO Modes
DOUTRB Tri-State Time from CS CL = 20pF, from rising edge of CS to UPIO_
Rise IDRBZ in high impedance 20 ns
DOUTRB Tri-State Enable Time — CL= ZOpF, from 8th fglling edge of SCLK to 0 ns
from 8th SCLK Fall UPIO_ driven out of tri-state
LDAC Pulse-Width Low tLpL Figure 5 20 ns
LDAC Effective Delay DS Figure 6 100 ns
CLR, MID, SET Pulse-Width Low tcMS Figure 5 20 ns
GPO Output Settling Time tgp Figure 6 100 ns
(TB:;(Q Output High-Impedance o 100 ns
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Buffered, Fast-Settling, Quad,
12-/10-/8-Bit, Voltage-Output DACs

TIMING CHARACTERISTICS—DSP Mode Enabled (1.8V Logic) (Figure 2)
(DVDD = 1.8V to 2.7V, AGND = DGND = 0, TA = TMIN to TMAX, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
SCLK Frequency fscLk 1.8V < DVpp < 2.7V 10 MHz
SCLK Pulse-Width High tCH (Note 7) 40 ns
SCLK Pulse-Width Low tcL (Note 7) 40 ns
CS Fall to SCLK Fall Setup Time tcss 20 ns
DSP Fall to SCLK Fall Setup Time tDSS 20 ns
SCLK Fall to CS Rise Hold Time tcsH 5 ns
SCLK Fall to CS Fall Delay tcso 10 ns
SCLK Fall to DSP Fall Delay tpso 15 ns
DIN to SCLK Fall Setup Time tps 20 ns
DIN to SCLK Fall Hold Time tDH 5 ns
SCLK Rise to DOUT_ Valid CL = 20pF, UPIO_ = DOUTDC1 or DOUTRB
Propagation Delay DO mode 60 ns
ﬁ%ﬂ;gg:gﬁ gglgyT- Valid o2 | CL = 20pF, UPIO_ = DOUTDCO mode 60 ns
CS Rise to SCLK Fall Hold Time tcs1 MICROWIRE and SPI modes 0 and 3 20 ns
CS Pulse-Width High tcsw 90 ns
DSP Pulse-Width High tpsw 40 ns
DSP Pulse-Width Low tpspwL | (Note 8) 40 ns
UPIO_ TIMING CHARACTERISTICS
DOUT Tri-State Time when .
Exiting DOUTDCO, DOUTDCH, 1007 %hi:gﬁ?ggeféﬁoee”d of write cycle to UPIO_ 200 ns
and UPIO Modes
DOUTRB Tri-State Time from CS CL = 20pF, from rising edge of CS to UPIO_
Rise IDRBZ in high impedance 40 ns
DOUTRB Tri-State Enable Time — CL= ZOpF, from 8th fglling edge of SCLK to 0 ns
from 8th SCLK Fall UPIO_ driven out of tri-state
DAC Pulse-Width Low tLDL Figure 5 40 ns
LDAC Effective Delay DS Figure 6 200 ns
CLR, MID, SET Pulse-Width Low tcMS Figure 5 40 ns
GPO Output Settling Time tgp Figure 6 200 ns
(TB:;(Q Output High-Impedance o 200 ns

Note 7: In some daisy-chain modes, data is required to be clocked in on one clock edge and the shifted data clocked out on the fol-
lowing edge. In the case of a 0.5 clock-period delay, it is necessary to increase the minimum high/low clock times to 25ns
(2.7V) or 50ns (1.8V).

Note 8: The falling edge of DSP starts a DSP-type bus cycle, provided that CS is also active low to select the device. DSP active low and
CS active low must overlap by a minimum of 10ns (2.7V) or 20ns (1.8V). CS can be permanently low in this mode of operation.

MAXIM 9
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MAX5580-MAX5585

Buffered, Fast-Settling, Quad,
12-/10-/8-Bit, Voltage-Output DACs

Typical Operating Characteristics

(AVpp = DVpp =5V, VREF = 4.096V, RL = 10kQ, C| = 100pF, speed mode = FAST, PU = floating, Ta = +25°C, unless otherwise noted.)
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Buffered, Fast-Settling, Quad,
12-/10-/8-Bit, Voltage-Output DACs

Typical Operating Characteristics (continued)

(AVpp = DVpp =5V, VREF = 4.096V, RL = 10kQ, C| = 100pF, speed mode = FAST, PU = floating, Ta = +25°C, unless otherwise noted.)
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SUPPLY CURRENT vs. SUPPLY VOLTAGE

(FORCE SENSE)
FAST MODE — g
SLOW MODE

—

1= lavpp + Ipvpp

| AVpp = DVpp

NO LOAD

2.70 3.40 410 480 525

SUPPLY VOLTAGE (V)

05
0.4
0.3
0.2
0.1

DNL (LSB)

-0.1
-0.2
-0.3
-0.4
-0.5

2.0

SUPPLY CURRENT (mA)
P &

o
3}

0

SUPPLY CURRENT (mA)
S 222828 =5

0

DIFFERENTIAL NONLINEARITY
vs. REFERENCE VOLTAGE (12 BIT)

MAX5580-85 toc12
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e

e

MIDSCALE

10 15 20 25 30 35 40 45 50
VRer (V)

SUPPLY CURRENT
vs. DIGITAL INPUT CODE (FORCE SENSE)

MAX5580-85 toc1

SLOW MODE
12BIT
NO LOAD

0 1024 2048 3072
DIGITAL INPUT CODE

4095

SUPPLY CURRENT vs. SUPPLY VOLTAGE
(UNITY GAIN)

FAST MODE
/,

MAX5580-85 toc18

]

/

sLowmone__|

e

e
4

I=lavop + IpvoD
- AVpp = DVpp
NO LOAD

1

2.70 3.40 410

SUPPLY VOLTAGE (V)

480 525

11




MAX5580-MAX5585

Buffered, Fast-Settling, Quad,
12-/10-/8-Bit, Voltage-Output DACs

Typical Operating Characteristics (continued)

(AVpp = DVpp =5V, VREF = 4.096V, RL = 10kQ, C| = 100pF, speed mode = FAST, PU = floating, Ta = +25°C, unless otherwise noted.)

100
95
90
85
80
75
70
65
60
55
50

SHUTDOWN SUPPLY CURRENT (nA)

OFFSET ERROR (LSB)

25
20
=
2 15
3
=
[—
2 10
5
o
05
12

SHUTDOWN SUPPLY CURRENT

vs. SUPPLY

VOLTAGE

MAX5580-85 toc19

| UNITY GAIN

//

FORCE SENSE

- AVpp =DVpp

NO LOAD

[ 1= lavoD + |‘D\/DD

2.70 3.40 4.

10 480 525

SUPPLY VOLTAGE (V)

OFFSET ERROR vs.

TEMPERATURE

CODE = 40 |
UNITY GAIN: 1 LSB = 1mV

B GRADE

FORCE SENSE: 1 LSB = 0.5mV

MAX5580-85 toc2:

FORCEISENSE

L

| _//7

UNITY GAIN

-40 -15 10

35 60 85

TEMPERATURE (°C)

OUTPUT VOLTAGE
vs. OUTPUT SOURCE/SINK CURRENT

\_ | MIDSCALE

MAX5580-85 toc25

UNITY GAIN
VRer =4.096V

0.6

0.5

0.4

0.3

INL (LSB)

0.2

0.1

GAIN ERROR (LSB)

2.0

-2.5

vs. TEMPERATURE (A GRADE)

INTEGRAL NONLINEARITY
vs. TEMPERATURE (A GRADE)
g 30
L :
UNITY GAIN B 95
S
20
FORCE SENSE s
€15
e
&
510
05
0
4 1510 35 60 85
TEMPERATURE (°C)
GAIN ERROR

MAX5580-85 toc:

RFORCE SENSE/

/

7

N

~ /4TY G
NS

AIN—

GAIN ERROR (LSB)
o o N O o SN - o

-40 -15
TEMPERATURE (°C)

10 35

60

MAJOR-CARRY TRANSITION GLITCH

MAX5580-85 t0c26

N
=)

85

cs
V/div

(AC COUPLED)

ouT_
10mV/div

200ns/div

OFFSET ERROR

vs. TEMPERATURE (A GRADE)

/TN

/UNITY GA\N\\

MAX5580-85 toc21

N\

//‘\ \

~N N
FORCE SENSE

-40 -15

10 35 60 85
TEMPERATURE (°C)

GAIN ERROR vs. TEMPERATURE

FORCE SENSE ®
ONITY GAIN
B GRADE \
UNITY GAIN: 1 LSB = 1mV
FORCE SENSE: 1 LSB = 0.5mV

-40 -15

10 35 60 85
TEMPERATURE (°C)

SETTLING TIME POSITIVE

MAX5580-85 toc27

FULL-SCALE TRANSITION

[
2V/div

ouT_

2V/div

400ns/div
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Buffered, Fast-Settling, Quad,
12-/10-/8-Bit, Voltage-Output DACs

Typical Operating Characteristics (continued) g
(AVpp = DVpp =5V, VREF = 4.096V, R = 10kQ, C = 100pF, speed mode = FAST, PU = floating, Ta = +25°C, unless otherwise noted.) b
SETTLING TIME NEGATIVE REFERENGE INPUT BANDWIDTH REFERENCE FEEDTHROUGH AT 1kHz U'I
MAX5580'8.5 toc28 5 2 _22 -
FULL-SCALE TRANSITION : 20 2 g
0 ~J % -40 E °
= ™ = -50 E
g\?/d' K o0 :
iv & \ 70 g
. = 10 -80
3 90 b
5 -100 *
10
OUT_ 220 \ -120 m
2V/div Ve = 0.1Vp.p AT 4.096Vpg \ 30 [T (4}
_ _ _ Lo LUNTYGAN | ][I | I ] m
25 142
400ns/div 1 10 100 1k 10k 05 1.0 15 20 25 30 35 40 45 50 55 U’I
FREQUENCY (Hz) FREQUENCY (kHz)
DAC-TO-DAC CROSSTALK DIGITAL FEEDTHROUGH POWER-UP GLITCH
MAX5580-85 toc31 MAX5580-85 toc32 MAX5580-85 0633
5 — - ; ; — :
SCLK
: ‘ 2V/div
: J outa-outc ; d AV
| 2V/div J 2V/Dd?v
| ouT_
R T - %%iv (AC-COUPLED)
5mV/div 0UT_
2V/div
200us/div Tus/div 20us/div

EXITING SHUTDOWN TO MIDSCALE

MAX5580-85 toc34

4 UPIO_
2V/div

o

e 2V/div
PU = FLOAT

10us/div

MAXI 13




MAX5580-MAX5585

Buffered, Fast-Settling, Quad,
12-/10-/8-Bit, Voltage-Output DACs

Pin Description

PIN
waxssee | maxsses | MAME FUNCTION
MAX5584 | MAX5585
1 1 AGND Analog Ground
2 2 AVDD Analog Supply
3,5, 17,19 — N.C. No Connection. Not internally connected.
— 3 FBB Feedback for DACB
4 4 ouTB DACB Output
— 5 FBA Feedback for DACA
6 6 OUTA DACA Output
Power-Up State Select Input. Connect PU to DVpp to set OUT_ to full scale upon power-up.
7 7 PU Connect PU to DGND to set OUT_
to zero scale upon power-up. Float PU to set OUT_ to midscale upon power-up.
8 8 [ Active-Low Chip-Select Input
9 9 SCLK Serial Clock Input
10 10 DIN Serial Data Input
11 11 UPIOA User-Programmable Input/Output 1
12 12 UPIO2 User-Programmable Input/Output 2
13 13 DVbp Digital Supply
14 14 DGND Digital Ground
L Clock Enable. Connect DSP to DVpp to clock in data on the rising edge of SCLK. Connect
15 15 DSP DSP to DGND to clock in data
on the falling edge of SCLK.
16 16 OuUTD DACD Output
— 17 FBD Feedback for DACD
18 18 OuTC DACC Output
— 19 FBC Feedback for DACC
20 20 REF Reference Input
— — EP Exposed Pad. Connect to AGND.

14
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Buffered, Fast-Settling, Quad,
12-/10-/8-Bit, Voltage-Output DACs

Functional Diagrams

AVpp DVpp AGND DGND
I I I I
cs > SERIAL .
SCLK »| INTERFACE MAXIMN
DIN » CONTROL MAX5580
+ MAX5582
— MAX5584
DSP >
16-BIT SHIFT >
REGISTER >
> DouT
> MUK =1 REGISTER
UPIO1 - B UPIO1AND [®
UPI02 > UPIO2
»| LOGIC | POWER-DOWN
LOGIC AND
REGISTER
™ DECODE -
o | conroL OUTA
o INPUT DAC
»| REGISTER »| REGISTER > DACA +
A A . b
M o M I A
0UTD
INPUT DAC
»| REGISTER > REGISTER DACD +
D D
A >
REF c)/ A

MAXIM 15
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MAX5580-MAX5585

Buffered, Fast-Settling, Quad,

12-/10-/8-Bit, Voltage-Output DACs

Functional Diagrams (continued)

AVop DVoo AGND DGND
s iy MAXIM
SCLK »{ INTERFACE
DIN »| CONTROL MAX5581
+ MAX5583
__ MAX5585
DSP >
16-BIT SHIFT -
REGISTER >
> DouT
> MUX 1 REGISTER
UPIO1 - B UPIOTAND [
UPIO2 <& > UPIO2
» LOGIC | POWER-DOWN
LOGIC AND
REGISTER FBA
™ DECODE
" ,| CONTROL oo
INPUT DAC
» REGISTER »| REGISTER »  DACA
A A .
I o ———»
M M M M .
— FBD
At oum
INPUT DAC
»| REGISTER > REGISTER DACD
D D
Y
REF—4C/A—/\/\/€ %
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Buffered, Fast-Settling, Quad,
12-/10-/8-Bit, Voltage-Output DACs

Detailed Description

The MAX5580-MAX5585 quad, 12-/10-/8-bit, voltage-
output DACs offer buffered outputs and a 3us maximum
settling time at the 12-bit level. The DACs operate from a
single 2.7V to 5.25V analog supply and a separate 1.8V
to AVpp digital supply. The MAX5580-MAX5585 include
an input register and DAC register for each channel and
a 16-bit data-in/data-out shift register. The 3-wire serial
interface is compatible with SPI, QSPI, MICROWIRE, and
DSP applications. The MAX5580-MAX5585 provide two
user-programmable digital I/O ports, which are pro-
grammed through the serial interface. The externally
selectable power-up states of the DAC outputs are either
zero scale, midscale, or full scale.

Reference Input
The reference input, REF, accepts both AC and DC val-
ues with a voltage range extending from analog ground
(AGND) to AVpp. The voltage at REF sets the full-scale
output of the DACs. Determine the output voltage using
the following equations:

Unity-gain versions:
VouT_ = (VRer x CODE) / 2N
Force-sense versions (FB_ connected to OUT_):
Vout = 0.5 x (VRer x CODE) / 2N

where CODE is the numeric value of the DAC’s binary
input code and N is the bits of resolution. For the
MAX5580/MAX5581, N = 12 and CODE ranges from O
to 4095. For the MAX5582/MAX5583, N = 10 and
CODE ranges from 0 to 1023. For the MAX5584/
MAX5585, N = 8 and CODE ranges from 0 to 255. Use
the minature MAX6126 low-dropout, ultra-low-noise ref-
erence for optimum performance.

Output Buffers
The DACA-DACD output-buffer amplifiers of the
MAX5580-MAX5585 are unity-gain stable with rail-to-
rail output voltage swings and a typical slew rate
of 3.6V/us (FAST mode). The MAX5580/MAX5582/
MAX5584 provide unity-gain outputs, while the
MAX5581/MAX5583/MAX5585 provide force-sense out-
puts. For the MAX5581/MAX5583/MAX5585, access to
the output amplifier’s inverting input provides flexibility
in output gain setting and signal conditioning (see the
Applications Information section).

The MAX5580-MAX5585 offer FAST and SLOW settling-
time modes. In the SLOW mode, the settling time is 6us
(max), and the supply current is 1.6mA (max). In the
FAST mode, the settling time is 3us (max), and the sup-
ply current is 4mA (max). See the Digital Interface section
for settling-time mode programming details.

MAXIM

Use the serial interface to set the shutdown output
impedance of the amplifiers to 1kQ or 100kQ for the
MAX5580/MAX5582/MAX5584 and 1kQ or high imped-
ance for the MAX5581/MAX5583/MAX5585. The DAC
outputs can drive a 10kQ (typ) load and are stable with
up to 500pF (typ) of capacitive load.

Power-On Reset
At power-up, all DAC outputs power up to full scale,
midscale, or zero scale, depending on the configuration
of the PU input. Connect PU to DVpp to set OUT_ to full
scale upon power-up. Connect PU to digital ground
(DGND) at power-up to set OUT_ to zero scale. Leave
PU floating to set OUT_ to midscale.

Digital Interface

The MAX5580-MAX5585 use a 3-wire serial interface
that is compatible with SPI, QSPI, MICROWIRE, and DSP
protocol applications (Figures 1 and 2). Connect DSP to
DVDD before power-up to clock data in on the rising
edge of SCLK. Connect DSP to DGND before power-up
to clock data in on the falling edge of SCLK. After power-
up, the device enters DSP frame-sync mode on the first
rising edge of DSP. Refer to the MAX5580-MAX5585
Programmer’s Handbook for details.

The MAX5580-MAX5585 include a 16-bit input shift
register. The data is loaded into the input shift register
through the serial interface. The 16 bits can be sent in
two serial 8-bit packets or one 16-bit word (CS must
remain low until all 16 bits are transferred). The data is
loaded MSB first. For the MAX5580/MAX5581, the 16
bits consist of 4 control bits (C3-C0) and 12 data bits
(D11-DO0) (see Table 1). For the 10-bit MAX5582/
MAX5583 devices, D11-D2 are the data bits and D1
and DO are sub-bits. For the 8-bit MAX5584/
MAX5585 devices, D11-D4 are the data bits and
D3-D0 are sub-bits. Set all sub-bits to zero for optimum
performance.

Each DAC channel includes two registers: an input reg-
ister and the DAC register. At power-up, the DAC out-
put is set according to the state of PU. The DACs are
double-buffered, which allows any of the following for
each channel:

¢ | oading the input register without updating the DAC
register

e | oading and updating the DAC register without
updating the input register

e Updating the DAC register from the input register
e Updating the input and DAC registers simultaneously

17
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Buffered, Fast-Settling, Quad,
12-/10-/8-Bit, Voltage-Output DACs

Table 1. Serial Write Data Format

MAX5580-MAX5585

MSB 16 BITS OF SERIAL DATA LSB
CONTROL BITS DATA BITS
ca|celct|co|pit | pto] po | pg | b7 [ be | ps | pa | p3 | b2 | b1 | Do
—> -
R | |
Po—elpse—i 0 : :
DIN < ¢3 Lo o >4§) /_Dfr\
_NEICSOE*"NHDHE 1 | 1 - tosH - :
| o o
cs 1 ! i 3 I i i
— tosw —»> w 1 ) bty
Lo — -
1 e lpot i v
‘ i <
: ; )
DOUTDG1* ! X:X DOUT VALID >< ><
i i ()()
—» 02—

} C

DOUTDCO ' 3
OR A DOUT VALID X
DOUTRB* ' ()

*UPI01/UPI02 CONFIGURED AS DOUTDC_ (DAISY-CHAIN DATA OUTPUT, MODE 0 OR 1) OR DOUTRB (READ-BACK DATA OUTPUT).
SEE THE DATA OUTPUT (DOUTRB, DOUTDCO, DOUTDC1) SECTION FOR DETAILS.

Figure 1. Serial-Interface Timing Diagram (DSP Mode Disabled)

> o - : :
- mm
PP s [ ton e : i
DIN 3 < c3! >—< c2 ! Ct H@ ]
! g 1 1 i
; ' 1 { ' 1 1 1 ' 1 . 1
| IR o - les |
- / b tees™ | : .
j | ; ; ; {4 (I
o » L st
Lt I R > -
050 = ! 1 1 I P
T ! ! T 1 )
= ] L[ ]
1 : S «
- e > s »
tosw TospwL ! P 5
Ve :(
DOUTDCO* 3 >< X DOUT VALID ><
L S
»- 001

L 1 C
DOUTDCI : )
R {  DOUTVALID
DOUTRB* | S
*UPI01/UPI02 CONFIGURED AS DOUTDC_ (DAISY-CHAIN DATA OUTPUT, MODE 0 OR 1) OR DOUTRB (READ-BACK DATA OUTPUT).
SEE THE DATA OUTPUT (DOUTRB, DOUTDCO, DOUTDC1) SECTION FOR DETAILS.

Figure 2. Serial-Interface Timing Diagram (DSP Mode Enabled)
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Buffered, Fast-Settling, Quad,
12-/10-/8-Bit, Voltage-Output DACs

Serial-Interface Programming Commands
Tables 2a, 2b, and 2c¢ provide all the serial-interface
programming commands for the MAX5580-MAX5585.
Table 2a shows the basic DAC programming com-
mands, Table 2b gives the advanced-feature program-
ming commands, and Table 2c provides the 24-bit
read commands. Figures 3 and 4 provide serial-inter-
face diagrams for write operations.

Loading Input and DAC Registers
The MAX5580-MAX5585 contain a 16-bit shift register
that is followed by a 12-bit input register and a 12-bit
DAC register for each channel (see the Functional
Diagrams). Tables 3, 4, and 5 highlight a few of the
commands that handle the loading of the input and
DAC registers. See Table 2a for all DAC programming
commands.

MICROWIRE Yoo MAXIV
J MAX5580—
Vop —e—e—] Doy MAX5585
|
SK SCLK
S0 DN
1/0 csS

MICROWIRE OR SPI (CPOL = 0, CPHA = 0) 8-BIT CONTROL DATA OR 12-BIT DAC DATA WRITE:

v
SPI OR QSPI o0 MAXIM
J MAX5580—
Vpp —o—@ DVpp  MAX5585
Lo
SCK SCLK
MOS| DIN
SSOR1/0 S

COMMAND TAKES EFFECT HERE

s CS MUST REMAIN LOW BETWEEN BYTES ON A 16-BIT WRITE OPERATION ONLY IF SCLK COUNT =N x16 —8]

SCLK

€3 €3 G €3 CD 6D €3 € SRES €3 €3 €5 €3 €3 €D €D

SPI (CPOL =1, CPHA = 1) 8-BIT CONTROL DATA OR 12-BIT DAC DATA WRITE: COMMAND TAKES EFFECT HERE
s CS MUST REMAIN LOW BETWEEN BYTES ON A 16-BIT WRITE OPERATION ONLY IF SCLK COUNT = N x 16 —>|_

SCLK

DIN (o3 X2 X ¢t X co X0t XoioX 09 X 08 X o7 X6 X D5 X04 XD X2 XD XD0)

Figure 3. MICROWIRE and SPI Single DAC Writes (CPOL = 0, CPHA = 0 or CPOL = 1, CPHA = 1)

Dsp MAXIMN SPIOR QSPI MAXIMN
MAX5580— MAX5580—
Vss iT_ DGND  MAX5585 Vss iT_ DEND - MAX5585
— DSP = DSP
TCLK, SCLK, OR CLKX SCLK SCK SCLK
DT OR DX DIN MoS! DIN
TFS OR FSX S SSORI1/0 S

DSP OR SPI (CPOL = 0, CPHA = 0) 8-BIT CONTROL DATA OR 12-BIT DAC DATA WRITE: COMMAND TAKES EFFECT HERE
CS CS MUST REMAIN LOW BETWEEN BYTES ON A 16-BIT WRITE OPERATION ONLY IF SCLK COUNT =N %16 —>|_

SCLK

oIN (es X o2 X c1 X co X o XooX 03 X 08 X 07 X065 X05 X0+ X3 XD2XD1 X00)

DSP OR SPI (CPOL = 1, CPHA = 0) 8-BIT CONTROL DATA OR 12-BIT DAC DATA WRITE:
_ COMMAND TAKES EFFECT HERE
I CS MUST REMAIN LOW BETWEEN BYTES ON A 16-BIT WRITE OPERATION ONLY IF SCLK COUNT =N x 16

SCLK

DN (03 X_c2 X 1 X Co X0t X 010X 09 X 08 ) X7 X D6 X D5 X 04 X D8 X D2 X 01 X D0)

Figure 4. DSP and SPI Single DAC Writes (CPOL = 0, CPHA = 1 or CPOL = 1, CPHA = 0)
MAXIV
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Buffered, Fast-Settling, Quad,
12-/10-/8-Bit, Voltage-Output DACs
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Buffered, Fast-Settling, Quad,
12-/10-/8-Bit, Voltage-Output DACs

MAX5580-MAX5585
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Buffered, Fast-Settling, Quad,

12-/10-/8-Bit, Voltage-Output DACs

MAX5580-MAX5585
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MAX5580-MAX5585

Buffered, Fast-Settling, Quad,
12-/10-/8-Bit, Voltage-Output DACs

DAC Programming Examples:

To load input register A from the shift register, leaving
DAC register A unchanged (DAC output unchanged),
use the command in Table 3.

The MAX5580-MAX5585 can load all the input registers
(A-D) simultaneously from the shift register, leaving the
DAC registers unchanged (DAC output unchanged), by
using the command in Table 4.

To load all the input registers (A-D) and all the DAC regis-
ters (A-D) simultaneously, use the command in Table 5.
For the 10-bit and 8-bit versions, set sub-bits = 0 for
best performance.

Advanced-Feature
Programming Commands

Select Bits (M_)
The select bits allow synchronous updating of any com-
bination of channels. The select bits command the
loading of the DAC register from the input register of
each channel. Set the select bit M_ = 1 to load the DAC
register “_" with data from the input register “_", where
“_" is replaced with A, B, C, or D, depending on the
selected channel. Setting the select bit M_ = 0O results
in no action for that channel (Table 6).

Select Bits Programming Example:

To load DAC register B from input register B while
keeping other channels (A, C, D) unchanged, set MB =
1and M_ =0 (Table 7).

Table 3. Load Input Register A from Shift Register

DATA CONTROL BITS

DATA BITS

pDN | o ] o [ o] o

D11 | pto | b9 [ b8 | b7 | b6 | ps | pa | D3] D20 | D10 | Do

Table 4. Load Input Registers (A—-D) from Shift Register

DATA CONTROL BITS

DATA BITS

pDN [ 1+ [ 1 ] o] o

D11 [ Do | b9 | b8 | b7 | D6 | D5 | D4 | D3 | b2 | D10 | DO

Table 5. Load Input Registers (A-D) and DAC Registers (A-D) from Shift Register

DATA CONTROL BITS

DATA BITS

pN | 1 | 1 ] o [

D11 | Dto | b9 | b8 | b7 | D6 | Ds | Da | D3| D20 | D10 | DO

Table 6. Select Bits (M_)

DATA CONTROL BITS DATA BITS
pNn| 1+ [ 1+ ] 1+ ] o] o] o] x ] x x | x | x | x [ mp|[wm | mB ]| mA
X =Don't care.
Table 7. Select Bits Programming Example
DATA CONTROL BITS DATA BITS
pN | 1+ [ 1 ] 1 o] oo x| x| x| x| x]x]o]ol| 1 ]o

X =Don't care.
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Shutdown-Mode Bits (PD_0, PD_1)
Use the shutdown-mode bits and control bits to
shut down each DAC independently. The shutdown-
mode bits determine the output state of the selected
channels. The shutdown-control bits put the selected
channels into shutdown mode. To select the shutdown
mode for DACA-DACD, set PD_0 and PD_1 according
to Table 8 (where “_" is replaced with one of the select-
ed channels (A-D)). The three possible states for unity-
gain versions are 1) normal operation, 2) shutdown with

Table 8. Shutdown-Mode Bits
PD_1 PD_0 DESCRIPTION

Shutdown with 1kQ termination to ground
on DAC_ output.

0 0

Shutdown with 100kQ termination to
ground on DAC_ output for unity-gain
versions. Shutdown with high-impedance
output for force-sense versions.

Ignored.

DAC_ is powered up in its normal
operating mode.

Table 9. Shutdown-Mode Write Command

1kQ output impedance, and 3) shutdown with 100kQ
output impedance. The three possible states for force-
sense versions are 1) normal operation, 2) shutdown with
1kQ output impedance, and 3) shutdown with the output
in a high-impedance state. Table 9 shows the com-
mands for writing to the shutdown-mode bits. Table 10
shows an example of writing the shutdown-control bits.
This command shuts down DACA with 1kQ to ground
and shuts down DACB-DACD with 100kQ to ground.

Always write the shutdown-mode-bits command first and
then write the shutdown-control-bits command to proper-
ly shut down the selected channels. The shutdown-
control-bits command can be written at any time after the
shutdown-mode-bits command. It does not have to
immediately follow the shutdown-mode-bits command.

Settling-Time-Mode Bits (SPD_)
The settling-time-mode bits select the settling time (FAST
mode or SLOW mode) of the MAX5580-MAX5585.
Set SPD_ = 1 to select FAST mode or set SPD_ = 0 to
select SLOW mode, where “_" is replaced by A, B, C, or
D, depending on the selected channel (Table 11). FAST
mode provides a 3us maximum settling time, and SLOW
mode provides a 6us maximum settling time.

DATA CONTROL BITS

DATA BITS

pN | 1 | 1 ] 1 ] o] o] 1

[ o | X

PDD1 | PDDO | PDC1 | PDCO | PDB1 | PDBO | PDAT | PDAO

X =Don't care.

Table 10. Shutdown-Mode-Bits Write Example

DATA CONTROL BITS DATA BITS

pN|[ 1+ [ 1 ] 1+ ool 1ol x]Jol] 1ol 1+]o] 1 ]o]o
X =Don't care.
Table 11. Settling-Time-Mode Write Command
DATA CONTROL BITS DATA BITS

DIN | 1 | 1 | 1 | 0 | 1 | 1 | 0 | X X | X | X | X ISPDDISPDCISPDBISPDA
X =Don’t care.
MAXI/MN 25
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Buffered, Fast-Settling, Quad,
12-/10-/8-Bit, Voltage-Output DACs

Settling-Time-Mode Write Example:

To configure DACA and DACD into FAST mode and
DACB and DACC into SLOW mode, use the command
in Table 12.

To read back the settling-time-mode bits, use the com-
mand in Table 13.

CPOL and CPHA Control Bits
The CPOL and CPHA control bits of the
MAX5580-MAX5585 are defined the same as the CPOL
and CPHA bits in the SPI standard. Set the DAC’s
CPOL and CPHA bits to CPOL = 0 and CPHA = 0 or
CPOL = 1 and CPHA = 1 for MICROWIRE and SPI
applications requiring the clocking of data in on the ris-

Table 12. Settling-Time-Mode Write Example

ing edge of SCLK. Set the DAC’s CPOL and CPHA bits
to CPOL = 0 and CPHA = 1 or CPOL = 1 and CPHA =
0 for DSP and SPI applications, requiring the clocking
of data in on the falling edge of SCLK (refer to the
Programmer’s Handbook and see Table 14 for details).
At power-up, if DSP = DVpD, the default value of CPHA
is zero and if DSP = DGND, the default value of CPHA
is one. The default value of CPOL is zero at power-up.

To write to the CPOL and CPHA bits, use the command
in Table 15.

To read back the device’'s CPOL and CPHA bits, use
the command in Table 16.

DATA CONTROL BITS DATA BITS

pN | 1+ [ 1+ [+ [ o] 1+ [ 1] o] x x [ x [ x [ x| 1] o] o] 1
X =Don’t care.
Table 13. Settling-Time-Mode Read Command

DATA CONTROL BITS DATA BITS

DIN 1 1 1 0 1 1 1 X X X X X X X X
DOUTRB| X X X X X X X X X X X | SPDD | SPDC | SPDB | SPDA

X =Don’t care.

Table 14. CPOL and CPHA Bits

CPOL CPHA DESCRIPTION
0 0 Default values at power-up when DSP is connected to DVpp. Data is clocked in on the rising edge
of SCLK.
0 ’ Default values at power-up when DSP is connected to DGND. Data is clocked in on the falling edge
of SCLK.
1 0 Data is clocked in on the falling edge of SCLK.
1 1 Data is clocked in on the rising edge of SCLK.

Table 15. CPOL and CPHA Write Command

DATA CONTROL BITS

DATA BITS

DN [ 1 [ 1 [ 1 ] 1

[ o[ ofo]o

x | x | x | x | x | x [cpoL]|crHa

X =Don’t care.

Table 16. CPOL and CPHA Read Command

DATA CONTROL BITS

DIN 1 1 1 1 0 0 0

DOUTRB| X X X X X

DATA BITS
X X X X X X X X
X X X X X X | CPOL | CPHA

X =Don't care.

26

MAXIMN




Buffered, Fast-Settling, Quad,
12-/10-/8-Bit, Voltage-Output DACs

UPIO Bits (UPSL1, UPSL2, UP0-UP3)
The MAX5580-MAX5585 provide two user-programma-
ble input/output (UPIO) ports: UPIO1 and UPIO2. These
ports have 15 possible configurations, as shown in
Table 21. UPIO1 and UPIO2 can be programmed inde-
pendently or simultaneously by writing to the UPSL1,
UPSL2, and UP0-UP3 bits (Table 17).

Table 18 shows how UPIO1 and UPIO2 are selected for
configuration. The UPO-UP3 bits select the desired
functions for UPIO1 and/or UPIO2 (Table 21).

Table 17. UPIO Write Command

UPIO Programming Example:
To set only UPIO1 as LDAC and leave UPIO2
unchanged, use the command in Table 19.

The UPIO selection and configuration bits can be read
back from the MAX5580-MAX5585 when UPIO1 or
UPIO2 is configured as a DOUTRB output. Table 20
shows the read-back data format for the UPIO bits.
Writing the command in Table 20 initiates a read opera-
tion of the UPIO bits. The data is clocked out starting on
the 9th clock cycle of the sequence. Bits UP3-2 through
UP0-2 provide the UP3-UPO configuration bits for
UPIO2 (Table 21), and bits UP3-1 through UPO-1 pro-
vide the UP3-UPO configuration bits for UPIO1.

DATA CONTROL BITS

DATA BITS

DIN 1|1

[ 1 JofJ 1 Jofol]Xx

UPSL2|UPSL1‘ UP3 | UP2 \ UP1 | UPO \ X | X

X =Don't care.

Table 18. UPIO Selection Bits (UPSL1 and UPSL2)

UPSL2 UPSL1 UPIO PORT SELECTED
0 0 None selected
0 1 UPIO1 selected
1 0 UPIO2 selected
1 1 Both UPIO1 and UPIO2 selected

Table 19. UPIO Programming Example

DATA CONTROL BITS DATA BITS
poNn | 1 | 1 ] 1 o] 1] o o] x ol 1t o] o] ol o] x| x
X =Don’t care.
Table 20. UPIO Read Command
DATA CONTROL BITS DATA BITS
DIN 1 1 1 0 1 0 1 X X X X X X X X
DOUTRB| X X X X X X X UP3-2 | UP2-2 | UP1-2 | UP0-2 | UP3-1 | UP2-1 | UP1-1 | UPO-1
X =Don't care.
M AXI /W 27
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Buffered, Fast-Settling, Quad,
12-/10-/8-Bit, Voltage-Output DACs

UPIO Configuration
Table 21 lists the possible configurations for UPIO1 and
UPIO2. UPIO1 and UPIO2 use the selected function
when configured by the UP3-UPO configuration bits.

LDAC
LDAC controls the loading of the DAC registers. When
LDAC is high, the DAC registers are latched, and any
change in the input registers does not affect the con-
tents of the DAC registers or the DAC outputs. When
LDAC is low, the DAC registers are transparent, and the
values stored in the input registers are fed directly to the
DAC registers, and the DAC outputs are updated.

Drive LDAC low to asynchronously load the DAC regis-
ters from their corresponding input registers (DACs that
are in shutdown remain shut down). The LDAC input
does not require any activity on CS, SCLK, or DIN to
take effect. If LDAC is brought low coincident with a ris-
ing edge of CS (which executes a serial command
modifying the value of either DAC input register), then
LDAC must remain asserted for at least 120ns following
the CS rising edge. This requirement applies only for
serial commands that modify the value of the DAC input
registers. See Figures 5 and 6 for timing details.

Table 21. UPIO Configuration Register Bits (UP3-UP0)

UPIO CONFIGURATION BITS
FUNCTION DESCRIPTION
UP3 uP2 UP1 UPO

0 0 0 0 DAC Agtlve-Low Logd DAC Irjput. Drive low to asynchronously load all DAC registers
with data from input registers.

0 0 0 1 SET Active-Low Input. Drive low to set all input and DAC registers to full scale.

0 0 1 0 MID Active-Low Input. Drive low to set all input and DAC registers to midscale.

0 0 1 1 CLR Active-Low Input. Drive low to set all input and DAC registers to zero scale.

0 1 0 0 PDL Active-Low Power-Down Lockout Input. Drive low to disable software shutdown.

0 1 0 1 Reserved | This mode is reserved. Do not use.
Active-Low 1kQ Shutdown Input. Overrides PD_1 and PD_O settings. For the

0 1 1 0 SHONAR MAX5580/MAX5582/MAX5584, drive SHDN1K low to pull OUTA-OUTD to AGND
with 1kQ. For the MAX5581/MAX5583/MAX5585, drive SHDN1K low to leave
OUTA-OUTD high impedance.
Active-Low 100kQ Shutdown Input. Overrides PD_1 and PD_0 settings. For the

0 1 1 1 SADNTO0R MAX5580/MAX5582/MAX5584, drive SHDN 100K low to pull OUTA-OUTD to
AGND with 100kQ. For the MAX5581/MAX5583/MAX5585, drive low to leave
OUTA-OUTD high impedance.

1 0 0 0 DOUTRB | Data Read-Back Output

1 0 0 1 DOUTDCO | Mode 0 Daisy-Chain Data Output. Data is clocked out on the falling edge of SCLK.

1 0 1 0 DOUTDC1 | Mode 1 Daisy-Chain Data Output. Data is clocked out on the rising edge of SCLK.

1 0 1 1 GPI General-Purpose Logic Input

1 1 0 0 GPOL General-Purpose Logic-Low Output

1 1 0 1 GPOH General-Purpose Logic-High Output
Toggle Input. Toggles DAC outputs between data in input registers and data in

1 1 1 0 TOGG DAC registers. Drive low to set all DAC outputs to values stored in input registers.
Drive high to set all DAC outputs to values stored in DAC registers.

1 1 1 1 EAST Fast/Slow Settling-Time-Mode Input. Drive low to select FAST (3us) mode or drive
high to select SLOW (6ps) settling mode. Overrides the SPDA-SPDD settings.

28 MAXIMN




Buffered, Fast-Settling, Quad,

12-/10-/8-Bit, Voltage-Output DACs

tLoL 1
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[DAC \ /
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POL \
o 1 toms
CIR - >
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SET 3
: { ‘
- S > 05058
Vour_ ‘ w
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ACTIVE CLOCK EDGE, DEPENDING ON THE MODE OF OPERATION.

Figure 5. Asynchronous Signal Timing

SET, MID, CLR
The SET, MID, and CLR signals force the DAC outputs
to full scale, midscale, or zero scale (Figure 5). These
signals cannot be active at the same time.

The active-low SET input forces the DAC outputs to full
scale when SET is low. When SET is high, the DAC out-
puts follow the data in the DAC registers.

The active-low MID input forces the DAC outputs to
midscale when MID is low. When MID is high, the DAC
outputs follow the data in the DAC registers.

The active-low CLR input forces the DAC outputs to
zero scale when CLR is low. When CLR is high, the
DAC outputs follow the data in the DAC registers.

If CLR, MID, or SET signals go low during a write com-
mand, reload the data to ensure accurate results.

o Power-Down Lockout (PDL)
The PDL active-low, software-shutdown lockout input
overrides (not overwrites) the PD_0 and PD_1 shutdown-
mode bits. PDL cannot be active at the same time as
SHDN1K or SHDN100K (see the Shutdown Mode
(SHDN1K, SHDN100K) section).

If the PD_0 and PD_1 bits command the DAC to
shut down prior to PDL going low, the DAC returns to
shutdown mode immediately after PDL goes high,
unless the PD_0 and PD_1 bits were modified through
the serial interface in the meantime.

Shutdown Mode (SHDN1K, SHDN100K)
The SHDN1K and SHDN100K are active-low signals
that override (not overwrite) the PD_1 and PD_0O bit set-
tings. For the MAX5580/MAX5582/MAX5584, drive

MAXIM

Figure 6. GPO_ and LDAC Signal Timing

SHDN1K low to select shutdown mode with OUTA-

OUTD internally terminated with 1kQ to ground, or drive

SHDN100K low to select shutdown with an internal

100kQ termination. For the MAX5581/MAX5583/
MAX5585, drive SHDN1K low for shutdown with 1kQ
output termination, or drive SHDN100K low for shut-
down with high-impedance outputs.

Data Output (DOUTRB, DOUTDCO, DOUTDC1)
UPIO1 and UPIO2 can be configured as serial data out-
puts, DOUTRB (data out for read back), DOUTDCO
(data out for daisy-chaining, mode 0), and DOUTDCH1
(data out for daisy-chaining, mode 1). The differences
between DOUTRB and DOUTDCO (or DOUTDC1) are
as follows:

e The source of read-back data on DOUTRB is the
DOUT register. Daisy-chain DOUTDC_ data comes
directly from the shift register.

e Read-back data on DOUTRB is only present after a
DAC read command. Daisy-chain data is present on
DOUTDC_ for any DAC write after the first 16 bits
are written.

e The DOUTRB idle state (CS = high) for read back is
high impedance. Daisy-chain DOUTDC_ idles high
when inactive to avoid floating the data input in the
next device in the daisy-chain.

See Figures 1 and 2 for timing details.
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GPI, GPOL, GPOH
UPIO1 and UPIO2 can each be configured as a gener-
al-purpose input (GPI), a general-purpose output low
(GPOL), or a general-purpose output high (GPOH).

The GPI can serve to detect interrupts from pPs or micro-
controllers. The GPI has three functions:

1) Sample the signal at GPI at the time of the read
(RTP1 and RTP2).

2) Detect whether a falling edge has occurred since
the last read or reset (LF1 and LF2).

3) Detect whether a rising edge has occurred since
the last read or reset (LR1 and LR2).

RTP1, LF1, and LR1 represent the data read from
UPIO1; RTP2, LF2, and LR2 represent the data read
from UPIO2.

To issue a read command for the UPIO configured as
GPI, use the command in Table 22.

Once the command is issued, RTP1 and RTP2 provide
the real-time status (0 or 1) of the inputs at UPIO1 or
UPIO2, respectively, at the time of the read. If LF2 or
LF1 is one, then a falling edge has occurred on the
respective UPIO1 or UPIO2 input since the last read or
reset. If LR2 or LR1 is one, then a rising edge has
occurred since the last read or reset.

Table 22. GPlI Read Command

GPOL outputs a constant low, and GPOH outputs a
constant high. See Figure 6.

TOGG
Use the TOGG input to toggle the DAC outputs
between the values in the input registers and DAC reg-
isters. A delay of greater than 100ns from the end of the
previous write command is required before the TOGG
signal can be correctly switched between the new
value and the previously stored value. When TOGG =
0, the output follows the information in the input regis-
ters. When TOGG = 1, the output follows the informa-
tion in the DAC register (Figure 5).

FAST
The MAX5580-MAX5585 have two settling-time-mode
options: FAST (3us max) and SLOW (6us max). To
select the FAST mode, drive FAST low, and to select
SLOW mode, drive FAST high. This overrides (not over-
writes) the SPDA-SPDD bit settings.

DATA CONTROL BITS

DATA BITS

DIN 1 1 1 1 0 0 1

X X X X X X X X

DOUTRB| X X X X X X X X X RTP2 | LF2 | LR2 | RTP1 | LF1 LR1
X =Don't care.
Table 23. Unipolar Code Table (Gain = +1)

/NI

DAC CONTENTS
MSB LSB
1111 1111 1111
1000 0000 0001
1000 0000 0000

ANALOG OUTPUT

+VREF (4095 / 4096)
+VREF (2049 / 4096)
+VREF (2048 / 4096) = VRer / 2
o111 1111 1111 +VREF (2047 / 4096)

0000 0000 0001 +VREF (1 /4096)
0000 0000 0000 0

MAX6126 REF

ouT_

NAXI/N
MAX5580

Vout_ = Vrer_x CODE / 4096
WHERE CODE IS THE DAC INPUT
CODE (0 TO 4095 DECIMAL)
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Applications Information

Unipolar Output
Figure 7 shows the unity-gain MAX5580 in a unipolar
output configuration. Table 23 lists the unipolar out-
put codes.

Bipolar Output
The MAX5580 outputs can be configured for bipolar
operation, as shown in Figure 8. The output voltage is
given by the following equation:

VOUT_ = VREF x (CODE - 2048) / 2048

where CODE represents the numeric value of the
DAC's binary input code (0 to 4095 decimal). Table 24
shows digital codes and the corresponding output volt-
age for the circuit in Figure 8.

Configurable Output Gain
The MAX5581/MAX5583/MAX5585 have force-sense
outputs, which provide a direct connection to the invert-
ing terminal of the output op amp, yielding the most
flexibility. The force-sense output has the advantage
that specific gains can be set externally for a given
application. The gain error for the MAX5581/MAX5583/
MAX5585 is specified in a unity-gain configuration (op-
amp output and inverting terminals connected), and
additional gain error results from external resistor
tolerances. The force-sense DACs allow many useful
circuits to be created with only a few simple external
components.
An example of a custom, fixed gain using the
MAX5581’s force-sense output is shown in Figure 9. In
this example, the external reference is set to 1.25V, and
the gain is set to +1.1V/V with external discrete resis-
tors to provide an approximate 0 to 1.375V DAC output
voltage range.
Vout = [(0.5 x VREF_ x CODE) / 4096] x [1 + (R2/R1)]

where CODE represents the numeric value of the
DAC's binary input code (0 to 4095 decimal).

In this example, R2 = 12kQ and R1 = 10kQ to set the
gain = 1.1V/V:

VouT = [(0.5 x 1.25V x CODE) / 4096] x 2.2
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Figure 8. Bipolar Output Circuit
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Figure 9. Configurable Output Gain

Table 24. Bipolar Code Table (Gain = +1)

DAC CONTENTS
MSB LSB

ANALOG OUTPUT

1111 1111 1111 +VREF (2047 / 2048)

1000 0000 0001 +VREF (1/2048)

1000 0000 0000 0

0111 1111 1111 -VREF (1/2048)

0000 0000 0001 -VREF (2047 / 2048)

0000 0000 0000 -VREF (2048 / 2048) = -VREF
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Power-Supply and Layout Considerations
Bypass the analog and digital power supplies by using a
10uF capacitor in parallel with a 0.1uF capacitor to AGND
and DGND (Figure 10). Minimize lead lengths to reduce
lead inductance. Use shielding and/or ferrite beads to fur-
ther increase isolation.

Digital and AC transient signals coupling to AGND can
create noise at the output. Connect AGND to the high-
est quality ground available. Use proper grounding
techniques, such as a multilayer board with a low-

inductance ground plane. Wire-wrapped boards and
sockets are not recommended. For optimum system
performance, use PC boards with separate analog and
digital ground planes. Connect the two ground planes
together at the low-impedance power-supply source.

Using separate power supplies for AVpp and DVpp
improves noise immunity. Connect AGND and DGND at
the low-impedance power-supply sources (Figure 11).
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Figure 10. Bypassing Power Supplies AVpp, DVpp, and REF
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Figure 11. Separate Analog and Digital Power Supplies
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Pin Configuration Chip Information
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Revision History

REVISION REVISION PAGES
NUMBER DATE DESCRIPTION CHANGED
3 7/07 Updated EC table specs 6-9

4 7/08 Removed TQFN information from data sheet 1,2, 14, 33-36
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