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EVALUATION KIT AVAILABLE

MAX5318

18-Bit, High-Accuracy Voltage Output DAC with
Digital Gain, Offset Control, and SPI Interface

General Description

Benefits and Features

The MAX5318 is a high-accuracy, 18-bit, serial SPI input,
buffered voltage output digital-to-analog converter (DAC)
in a 4.4mm x 7.8mm, 24-lead TSSOP package. The
device features £2 LSB INL (max) accuracy and a =1
LSB DNL (max) accuracy over the full temperature range
of -40°C to +105°C.

The DAC voltage output is buffered resulting in a fast
settling time of 3us and a low offset and gain drift of
+0.5ppm/°C of FSR (typ). The force-sense output (OUT)
maintains accuracy while driving loads with long lead
lengths. Additionally, a separate AVSS supply, allows the
output amplifier to go to OV (GND) while maintaining full
linearity performance.

The MAX5318 includes user-programmable digital gain
and offset correction to enable easy system calibration.

At power-up, the device resets its outputs to zero or mid-
scale. The wide 2.7V to 5.5V supply voltage range and
integrated low-drift, low-noise reference buffer amplifier
make for ease of use.

The MAX5318 features a 50MHz 3-wire SPI interface. The
MAX5318 is available in a 24-lead TSSOP package and
operates over the -40°C to +105°C temperature range.

Applications

Test and Measurement
Equipment

Programmable Voltage
and Current Sources

Automatic Test Equipment

Gain and Offset
Adjustment

Automatic Tuning and
Calibration
Communication Systems
Data-Acquisition Systems Medical Imaging

Process Control and
Servo Loops

For related parts and recommended products to use with this part,
refer to www.maximintegrated.com/MAX5318.related.

4 Ideal for ATE and High-Precision Instruments
<~ INL Accuracy Guaranteed with +2 LSB (Max)
Over Temperature

4 Fast Settling Time (3ps) with 10kQ Il 100pF Load
4 Safe Power-Up-Reset to Zero or Midscale DAC
Output (Pin-Selectable)
< Predetermined Output Device State in Power-Up
and Reset in System Design

4 Negative Supply (AVSS) Option Allows Full INL
and DNL Performance to 0V

4 SPI Interface Compatible with 1.8V to 5.5V Logic

4 High Integration Reduces Development Time and
PCB Area
<- Buffered Voltage Output Directly Drives
2kQ Load Rail-to-Rail
<~ Integrated Reference Buffer
<- No External Amplifiers Required

4 Small 4.4mm x 7.8mm, 24-Pin TSSOP Package

Ordering Information and Typical Operating Circuit appear
at end of data sheet.

Functional Diagram
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For pricing, delivery, and ordering information, please contact Maxim Direct
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MAX5318

18-Bit, High-Accuracy Voltage Output DAC with
Digital Gain, Offset Control, and SPI Interface

ABSOLUTE MAXIMUM RATINGS

AGND t0 DGND ..ot -0.3V to +0.3V REF to AGND ................... -0.3V to the lower of Vaypp and +6V
AGND_F, AGND_S to AGND ......c.coooviiiiraian, -0.3V to +0.3V SCLK, DIN, CS, BUSY, LDAC, READY,
AGND_F, AGND_S t0 DGND .....coovvrvirerirninns -0.3V to +0.3V M/Z, TC/SB, RST, PD, DOUT to DGND.......-0.3V to the lower of
AVDD t0 AGND ...t -0.3V to +6V (Vppio + 0.3V) and +6V
AVDD to REF ..ot -0.3V to +6V Continuous Power Dissipation (T = +70°C)
AVSS 10 AGND ..o, -2V to +0.3V TSSOP (derate 13.9mW/°C above +70°C)............. 1111.1mW
VDDIO T0 DGND.....ooii -0.3V to +6V Operating Temperature Range......................... -40°C to +105°C
BYPASS t0 DGND .....cooiiiiiiiiiiicc -0.3V to the lower of Maximum Junction Temperature.............cccoccveiiiiinnnnn, +150°C
(Vavpp_or Vppjo + 0.3V) and +4.5V Storage Temperature Range.....................c.... -65°C to +150°C
OUT, REFO, RFBto AGND ..........cooviin. -0.3V to the lower of Lead Temperature (soldering, 10S) .......cccccovvviviiieiiians +300°C
(Vavpp + 0.3V) and +6V Soldering Temperature (reflow) ... +260°C

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional opera-
tion 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.

PACKAGE THERMAL CHARACTERISTICS (Note 1)

TSSOP
Junction-to-Case Thermal Resistance (64a) ............... 13°C/W
Junction-to-Ambient Thermal Resistance (64a) ......... 72°C/W

Note 1: Package thermal resistances were obtained using the method described in JEDEC specification JESD51-7, using a four-layer
board. For detailed information on package thermal considerations, refer to www.maximintegrated.com/thermal-tutorial.

ELECTRICAL CHARACTERISTICS

(VavDD = VppIo = 4.5V to 5.5V, Vayss = -1.25V, VagND = VDGND = VAGND_F = VAGND_S = OV, Vrer = 4.096V, TC/SB =
PD = LDAC = M/Z = DGND, RST = Vpp|o, Crero = 100pF, C|_ = 100pF, R = 10kQ, Cgypags = 1uF, Tp = -40°C to +105°C, unless
otherwise noted. Typical values are at Tp = +25°C.) (GAIN = Ox3FFFF and OFFSET = 0x00000.)(Note 2)

PARAMETER SYMBOL | CONDITIONS | MIN TYP MAX | UNITS
STATIC PERFORMANCE
Resolution N 18 Bits

DIN = 0x00000 to Ox3FFFF
(binary mode), DIN = 0x20000 to Ox1FFFF

(two’s complement mode)
Integral Nonlinearity (Note 3) INL -2 +0.5 +2 LSB
DIN = 0x01900 to 0x3FFFF (binary

mode), DIN = 0x21900 to Ox1FFFF (two’s
complement mode), Vaysg = 0V

Differential Nonlinearity (Note 3) DNL -1 +0.275 +1 LSB

Zero Code Error OE DIN = 0, Ta = +25°C 48 +4 +48 LSB
DIN =0, Ta = -40°C to +105°C +14

Zero Code Error Drift (Note 4) DIN=0 -1.6 +0.10 +1.6 ppm/°C
Ta = +25°C -16 +1 16

Gain Error GE ATT = h LSB
Ta =-40°C to +105°C +27

Gain Error Temperature ppm/°C

Coefficient (Note 4) TCGE 25 *010 425 | ke

Output Voltage Range No load 0 VAS)/E;D i Vv

Maxim Integrated 2



MAX5318

18-Bit, High-Accuracy Voltage Output DAC with
Digital Gain, Offset Control, and SPI Interface

ELECTRICAL CHARACTERISTICS (continued)
(VavDD = VDDIO_: 4.5V to 5.5V, Vayss = -1.25V, VagND = VDGND = VAGND_F = VagND_s = OV, VRer = 4.096V, TC/SB =
PD = LDAC = M/Z = DGND, RST = Vpp|o, Crero = 100pF, C|_ = 100pF, R = 10kQ, Cgypags = 1uF, Tp = -40°C to +105°C, unless
otherwise noted. Typical values are at Tp = +25°C.) (GAIN = Ox3FFFF and OFFSET = 0x00000.)(Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
BST e [ M/Z = DGND 75 uv
=pu W —
P M/Z = Vppio 2.048 \Y
RST = pulse low, M/Z = DGND 10 mV
Vavss = 0V M/Z = Vppio 2.048 Vv
Reset Voltage Output VouT- —
ge P OUTRESET ST - DaND M/Z = DGND 68 mv
- M/Z = Vppio 2.036 v
RST = DGND, M/Z = DGND 10 mV
Vavss = 0V M/Z = Vppio 2.036 Vv
DC Output Impedance (Normal R Closed-loop connection (RFB connected 4 mo
Mode) OUT 1o OUT)
Output Resistance (Power-Down B
Mode) PD = Vppio 2 kQ
Source/sink within 100mV of the supply o4
rails -
Output Current louT - — mA
Source/sink within 800mV of the supply w05
rails -
Load Capacitance to GND CL 200 pF
Load Resistance to GND RL For specified performance 2 kQ
OUT shorted to AGND or AVDD +60
Short-Circuit Current Isc REFO shorted to AGND or AVDD +65 mA
BYPASS shorted to AGND or AVDD +48
Short-Circuit Duration Tsc Short to AGND or AVDD Indefinite S
V at full scale, V =4.5Vto 5.5V -2.5 +0.20 +2.5
DC Power-Supply Rejection DCPSRR 2T AVDD LSBNV
Vayss =-1.5V to -0.5V -25 +0012 +2.5
STATIC PERFORMANCE—VOLTAGE REFERENCE INPUT SECTION
Reference High Input Range VREF 2.4 VA(\)/'%D i \
Reference Input Capacitance CRrer 10 pF
Reference Input Resistance RRer 10 MQ
Reference Input Current g +0.15 pA
STATIC PERFORMANCE—VOLTAGE REFERENCE OUTPUT SECTION
Reference High Output Range 2.4 VA(\)/[;D i Vv
Reference High Output Load ppm/
. 500
Regulation mA
Reference Output Capacitor Resp < 5Q 0.1 nF
Maxim Integrated 3




MAX5318

18-Bit, High-Accuracy Voltage Output DAC with
Digital Gain, Offset Control, and SPI Interface

ELECTRICAL CHARACTERISTICS (continued)

(VavDD = VDDIO_: 4.5V to 5.5V, Vayss = -1.25V, VagND = VDGND = VAGND_F = VagND_s = OV, VRer = 4.096V, TC/SB =
PD = LDAC = M/Z = DGND, RST = Vpp|o, Crero = 100pF, C|_ = 100pF, R = 10kQ, Cgypags = 1uF, Tp = -40°C to +105°C, unless
otherwise noted. Typical values are at Tp = +25°C.) (GAIN = Ox3FFFF and OFFSET = 0x00000.)(Note 2)

PARAMETER SYMBOL | CONDITIONS | MIN TYP MAX | UNITS
STATIC PERFORMANCE—Vgypass OUT SECTION
Output Voltage VBYPASS 2.3 2.4 25 \Y
Load Capacitance to GND CL Required for stability, Reggr = 0.1Q (typ) 1 8 uF
POWER-SUPPLY REQUIREMENTS
Positive Analog Power-Supply
Range VavDD 4.5 55 \
Digital Interface Power-Supply
Range Vbpio 1.8 VavbD v
Negative Analog Power-Supply ) )
Range Vavss 1.5 1.25 0 \
Positive Analog Power-Supply No load, external reference, output at zero
lavDD 5.2 6.5 mA
Current scale
Negative Analog Power-Supply AvSS No load, external reference, output at zero 15 10 mA
Current scale
Interface Power-Supply Current lvpbpio  |Digital inputs at Vppjo or DGND 0.2 5.0 HA
Positive Analog Power-Supply _
Power-Down Current PD = Vpp|o, power-down mode 20 50 HA
Negative Analog Power-Supply _
Power-Down Current PD = Vpp|o, power-down mode -5 -3 HA
DYNAMIC PERFORMANCE
Voltage Output Slew Rate SR From jO % 10 90 % full scale, positive and 49 Vius
negative transitions
From falling edge of LDAC to within
Voltage Output Settling Time ts 0.003% FS, R = 10kQ, DIN = 04000h 3 ys
(6.25% FS) to 3C000h (93.75% FS)
Busy Time tgusy (Note 5) 1.9 us
, Major code transition (1FFFFh to 20000h),
DAC Glitch Impulse RL = 10k, C| = 50pF 4 nVs
L CSB = Vppio, fscLk = 1kHz, all digital
Digital Feed Through inputs from OV 10 Vppio 1 nVs
Output Voltage-Noise Spectral At f = 1kHz to 10kHz, without reference, —
Density code = 20000h 26 nviVHz
) At f = 0.1Hz to 10Hz, without reference,
Output Voltage Noise code = 20000h 1.55 uVp_p
Wake-Up Time From power-down mode 75 gs
Power-Up Time From power-off 2 ms
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MAX5318

18-Bit, High-Accuracy Voltage Output DAC with
Digital Gain, Offset Control, and SPI Interface

ELECTRICAL CHARACTERISTICS

(Vavbp = VppIo = 2.7V t0 3.3V, Vayss = -1.25V, VagND = VDGND = VAGND_F = VAGND_S = OV, VRer = 2.5V, TC/SB = PD = LDAC =
M/Z = DGND, RST = Vppio. Crero = 100pF, C|_ = 100pF, R = 10kQ, Cgypass = 1uF, GAIN = Ox3FFFF, OFFSET = 0x00000,
Ta =-40°C to +105°C, unless otherwise noted. Typical values are at Ta = +25°C.) (GAIN = Ox3FFFF and OFFSET = 0x00000.)(Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
STATIC PERFORMANCE
Resolution N 18 Bits
DIN = 0x00000 to Ox3FFFF (binary
mode), DIN = 0x20000 to Ox1FFFF (two’s
complement mode)
Integral Nonlinearity (Note 3) INL -2.0 +0.75 +2.0 LSB
DIN = 0x01900 to 0x3FFFF (binary
mode), DIN = 0x21900 to Ox1FFFF (two’s
complement mode), Vaysg = OV
Differential Nonlinearity (Note 3) DNL -1.0 +0.3 +1.0 LSB
DIN =0, Tp = +25°C -50 +6 +50
Zero Code Error OE LSB
DIN =0, Tp =-40°C to +105°C +25
Zero Code Error Drift (Note 4) DIN=0 -2.7 +1.4 +2.7 ppm/°C
Tp = +25°C -16 +1.5 16
Gain Error GE AZT = i LSB
Ta =-40°C to +105°C +35
Gain Error Temperature ppm/°C
Coefficient (Note 4) TCGE 3.2 +3.2 of FSR
Output Voltage Range No load 0 VA2)/E1>D - vV
- M/Z = DGND 75 uv
RST = pulse low —
M/Z =Vppio 1.25 V
RST = pu|Se IOW, M/? = DGND 10 mV
\Y =0V 7 —
Reset Voltage Output VOUT-RESET -AVSS M/E = VbDIio 1.25 v
S M/Z = DGND -40 mV
RST = DGND —
M/Z = Vppio 1.25 V
RST = DGND, M/Z = DGND 10 mV
Vavss = 0V M/Z = Vppio 1.24 v
DC Output Impedance RouT Closed-loop connection, RFB connected 4 mo
to OUT
Source/sink within 100mV of the supply rails +4
Output Current louT —— ) mA
Source/sink within 800mV of the supply rails +25
Load Capacitance to GND CL 200 pF
Load Resistance to GND RL For specified performance 2 kQ
OUT shorted to AGND or AVDD +60
Short-Circuit Current Isc REFO shorted to AGND or AVDD +65 mA
BYPASS shorted to AGND or AVDD +48
Short-Circuit Duration tsc Short to AGND or AVDD Indefinite S
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MAX5318

18-Bit, High-Accuracy Voltage Output DAC with
Digital Gain, Offset Control, and SPI Interface

ELECTRICAL CHARACTERISTICS (continued)

(Vavbp = VppIo = 2.7V t0 3.3V, Vayss = -1.25V, VagND = VDGND = VAGND_F = VAGND_S = OV, VRer = 2.5V, TC/SB = PD = LDAC =
M/Z = DGND, RST = Vppio. Crero = 100pF, C|_ = 100pF, R = 10kQ, Cgypass = 1uF, GAIN = Ox3FFFF, OFFSET = 0x00000,
Ta =-40°C to +105°C, unless otherwise noted. Typical values are at Ta = +25°C.) (GAIN = Ox3FFFF and OFFSET = 0x00000.)(Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
V at full scale, V, =2.7V1t0 3.3V -2.5 +0.4 +2.5
DC Power-Supply Rejection pcpsrR 24T Al LSBNV
Vavyss = -1.5V to -0.5V 2.5 +0.04 +2.5
STATIC PERFORMANCE—VOLTAGE REFERENCE INPUT SECTION
Reference High Input Range VREF 2.4 VA(\)/QD i Vv
Reference Input Capacitance CREF 10 pF
Reference Input Resistance RREF 10 MQ
Reference Input Current B +0.15 uA
STATIC PERFORMANCE—VOLTAGE REFERENCE OUTPUT SECTION
Reference High Output Range 2.4 VAB/QD i %
Referenpe High Output Load 500 opmimA
Regulation
Reference Output Capacitor Resg < 5Q 0.1 nF
STATIC PERFORMANCE—Vgypass OUT SECTION
Output Voltage VBYPASS 2.3 2.4 2.5 V
Load Capacitance to GND CL Required for stability, Regg = 0.1Q (typ) 1 8 uF
POWER-SUPPLY REQUIREMENTS
Positive Analog Power-Supply
Range VavDD 2.7 3.3 \
Interface Power-Supply Range VbDIo 1.8 5.5 vV
Negative Analog Power-Supply
Range Vavss 1.5 1.25 0 \Y
Positive Analog Power-Supply IAVDD No load, external reference, output at zero 50 65 mA
Current scale
Negative Analog Power-Supply No load, external reference, output at zero
lavss -1.5 -0.8 mA

Current scale
Interface Power-Supply Current lvpbpio  |Digital inputs at Vppjo or DGND 0.2 5.0 HA
Positive Analog Power-Supply B
Power-Down Current PD = Vpp|o, power-down mode 20 50 HA
Negative Analog Power-Supply B
Power-Down Current PD = Vppio, power-down mode -5 -2 HA
DYNAMIC PERFORMANCE
Voltage Output Slew Rate SR From 10% to 90% full scale, positive and 49 Vius

negative transitions

From falling edge of LDAC to within
Voltage Output Settling Time ts 0.003% FS, R = 10kQ, DIN = 04000h 3 us
(6.25% FS) to 3C000h (93.75% FS)

Maxim Integrated 6



MAX5318

18-Bit, High-Accuracy Voltage Output DAC with
Digital Gain, Offset Control, and SPI Interface

ELECTRICAL CHARACTERISTICS (continued)
(Vavbp = VppIo = 2.7V t0 3.3V, Vayss = -1.25V, VagND = VDGND = VAGND_F = VAGND_S = OV, VRer = 2.5V, TC/SB = PD = LDAC =
M/Z = DGND, RST = Vppio. Crero = 100pF, C|_ = 100pF, R = 10kQ, Cgypass = 1uF, GAIN = Ox3FFFF, OFFSET = 0x00000,
Ta =-40°C to +105°C, unless otherwise noted. Typical values are at Ta = +25°C.) (GAIN = Ox3FFFF and OFFSET = 0x00000.)(Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Busy Time tgusy [(Note 5) 1.9 us
. Major code transition (1FFFFh to 20000h),
DAC Glitch Impulse RL = 10k, C| = 50pF 2.5 nvs
. CSB = Vppio, fscLk = 1kHz, all digital
Digital Feedthrough inputs from OV to Vppio 1 nVs
Output Voltage-Noise Spectral At f = 1kHz to 10kHz, without reference, ——
Density code = 20000h 26 nViVHz
. At f = 0.1Hz to 10Hz, without reference,
Output Voltage Noise code = 20000h 1.55 uVpp
Wake-Up Time From power-down mode 75 ys
Power-Up Time From power-off 2 ms

DIGITAL INTERFACE ELECTRICAL CHARACTERISTICS
(VavDD = 5V, Vppio = 2.7V to 5.5V, Vayss = -1.25V, VRer = 4.096V, R = 10kQ, TC/SB = M/Z = DGND, Crgro = 100pF, Ceypass
= 1yF, Ta = -40°C to +105°C, unless otherwise noted. Typical values are at Ta = +25°C.)(GAIN = Ox3FFFF and OFFSET = 0x00000.)

(Note 2)
PARAMETER SYMBOL | CONDITIONS MIN TYP MAX | UNITS
DIGITAL INPUTS (SCLK, DIN, CS, LDAC, M/Z, RST)
Input High Voltage VIH 0.7 x \Y
Vppio
Input Low Voltage ViL 0.3x Vv
VbpIio
Input Hysteresis (Note 4) ViHvsT 200 300 mV
Input Leakage Current IIN +0.1 +1 HA
Input Capacitance CiN 10 pF
DIGITAL OUTPUT CHARACTERISTICS (DOUT, READY, BUSY)
Output Low Voltage VoL ISOURCE = 5.0mA 0.25 \Y
. E— \Y
Output High Voltage VoH | lsink = 5.0mA, except for BUSY Y v
Output Three-State Leakage loz DOUT only +0.1 +1 pA
Output Three-State Capacitance Coz DOUT only 15 pF
Output Short-Circuit Current loss Vppio = 5.25V +150 mA
Maxim Integrated 7




DIGITAL INTERFACE ELECTRICAL CHARACTERISTICS (continued)

MAX5318

18-Bit, High-Accuracy Voltage Output DAC with
Digital Gain, Offset Control, and SPI Interface

(VavDD = 5V, Vppio = 2.7V to 5.5V, Vayss = -1.25V, VRer = 4.096V, R| = 10kQ, TC/SB = M/Z = DGND, Crero = 100pF, Cypass
= 1uF, Ta = -40°C to +105°C, unless otherwise noted. Typical values are at Tpa = +25°C.)(GAIN = Ox3FFFF and OFFSET = 0x00000.)

(Note 2)
PARAMETER SYMBOL CONDITIONS | MIN TYP MAX | UNITS
TIMING CHARACTERISTICS
Stand-alone, write mode 50
Serial Clock Frequency fSCLK Stand-alone, read que and daisy- 125 MHz
chained read and write modes (Note 5)
Stand-alone, write mode 20
SCLK Period tcp Stand-alone, read mode and daisy- ns
chained read and write modes 80
SCLK Pulse Width High tcH 40% duty cycle ns
SCLK Pulse Width Low toL 40% duty cycle ns
Stand-alone, write mode
CSFall 0 SCLK Fall Setup Time | 6550 | aing s | o dem oo o | g ns
and write modes
S Fall to SCLK Fall Hold Time tesHo Ien;géive falling edge preceding first falling 0 ns
SCLK Fall to CS Rise Hold Time tCSH1 24th falling edge ns
DIN to SCLK Fall Setup Time tps 5 ns
DIN to SCLK Fall Hold Time tDH 4.5 ns
SCLK Rise to DOUT Settle Time tpoT C| = 20pF (Note 6) 32 ns
SCLK Rise to DOUT Hold Time tDOH C| = OpF (Note 6) ns
SCLK Fall to DOUT Disable Time tpoz 24th active edge deassertion 30 ns
CS Fall to DOUT Enable tDOE Asynchronous assertion 30 ns
TS Rise to DOUT Disable eSO Sta.nd—alorTe, aborted sequence 35 ns
Daisy-chained, aborted sequence 70
SCLK Fall to READY Fall tCRF 24th falling-edge assertion, C| = 20pF 30 ns
SCLK Fall to READY Hold tCRH 24th falling-edge assertion, C|_ = OpF 2 ns
SCLK Fall to BUSY Fall tceF BUSY assertion 5 ns
CS Rise to READY Rise tcsr CL = 20pF 35 ns
CS Rise to SCLK Fall tcsa 24th falling edge, aborted sequence 20 ns
CS Pulse Width High tospw Stand alone 20 ns
SCLK Fall to CS Fall tcsk 24th falling edge 100 ns
LDAC Pulse Width L DPW 20 ns
LDAC Fall to SCLK Fall Hold tLDH Last active falling edge 20 ns
RST Pulse Width tRSTPW 20 ns
Maxim Integrated 8



MAX5318
18-Bit, High-Accuracy Voltage Output DAC with
Digital Gain, Offset Control, and SPI Interface
DIGITAL INTERFACE ELECTRICAL CHARACTERISTICS

(VavDD = 5V, Vppio = 1.8V to 2.7V, Vayss = -1.25V, VRer = 4.096V, R| = 10kQ, TC/SB = M/Z = DGND, Crero = 100pF, Cypass
= 1uF, Ta = -40°C to +105°C, unless otherwise noted. Typical values are at Tpa = +25°C.)(GAIN = Ox3FFFF and OFFSET = 0x00000.)

(Note 2)
PARAMETER SYMBOL | CONDITIONS MIN TYP MAX | UNITS
DIGITAL INPUTS (SCLK, DIN, CS, LDAC, M/Z, RST)
Input High Voltage VIH 0.8 x Y
VpDIO
Input Low Voltage ViL 0.2 vV
VpDIO
Input Hysteresis (Note 4) ViHysT 200 300 mV
Input Leakage Current N Input = OV at Vpp|o +0.1 +1 pA
Input Capacitance CIN 10 pF
DIGITAL OUTPUTS CHARACTERISTICS (DOUT, READY, BUSY)
Output Low Voltage VoL Isource = 1.0mA 0.2 \Y
Output High Voltage Vo Igink = 1.0mA, except for BUSY V_DODIQO v
Output Three-State Leakage loz DOUT only +0.1 +1 uA
Output Three-State Capacitance Coz DOUT only 15 pF
Output Short-Circuit Current loss Vppio = 2.7V +150 mA
TIMING CHARACTERISTICS
Stand-alone write mode 50
Serial Clock Frequency fscLK Stand-alone read mode and daisy- 5 MHz
chained read and write modes (Note 6)
Stand-alone write mode 20
SCLK Period tcp Stand-alone read mode and daisy- ns
chained read and write modes 125
SCLK Pulse-Width High tcH 40% duty cycle ns
SCLK Pulse-Width Low toL 40% duty cycle 9 ns
Stand-alone write mode 12
CSFall 0 SCLK Fall Setp Time | 16550 | fainc adge | orn ommrenraony | 72 ns
and write modes
TS Fall to SCLK Fall Hold Time tCsHo }gﬁfg’géggng edge preceding first 0 ns
SCLK Fall to CS Rise Hold Time tcsH1 24th falling edge 4 ns
DIN to SCLK Fall Setup Time tps 8 ns
DIN to SCLK Fall Hold Time tDH ns
SCLK Rise to DOUT Settle Time tpoT C| = 20pF (Note 7) 40 ns
SCLK Rise to DOUT Hold Time tDOH C| = OpF (Note 7) 2 ns
Maxim Integrated 9



MAX5318

18-Bit, High-Accuracy Voltage Output DAC with
Digital Gain, Offset Control, and SPI Interface

DIGITAL INTERFACE ELECTRICAL CHARACTERISTICS (continued)
(VavDD = 5V, Vppio = 1.8V to 2.7V, Vayss = -1.25V, VRer = 4.096V, R| = 10kQ, TC/SB = M/Z = DGND, Crero = 100pF, Cypass
= 1uF, Ta = -40°C to +105°C, unless otherwise noted. Typical values are at Tpa = +25°C.)(GAIN = Ox3FFFF and OFFSET = 0x00000.)

(Note 2)
PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
SCLK Fall to DOUT Disable Time tpoz 24th active edge deassertion 2 40 ns
CS Fall to DOUT Enable tDOE Asynchronous assertion 2 50 ns
— Stand-alone, aborted sequence 70
CS Rise to DOUT Disable tcspoz , , ns
Daisy-chained, aborted sequence 130
SCLK Fall to READY Fall tcRF 24th falling edge assertion, C|_ = 20pF 60 ns
SCLK Fall to READY Hold tcRH 24th falling edge assertion, C_ = OpF 2 ns
SCLK Fall to BUSY Fall tcer BUSY assertion ns
CS Rise to READY Rise tcsr CL = 20pF 60 ns
CS Rise to SCLK Fall tcsA 24th falling edge, aborted sequence 20 ns
CS Pulse Width High tcspw Stand alone 20 ns
SCLK Fall to CS Fall tcsk 24th falling edge 100 ns
LDAC Pulse Width tLDPW 20 ns
DAC Fall to SCLK Fall Hold tLpH Last active falling edge 20 ns
RST Pulse Width tRSTPW 20 ns

Note 2: All devices are 100% tested at Ta = +25°C and Tp = +105°C. Limits at Tp = -40°C are guaranteed by design.
Note 3: Linearity is tested from VRgr to AGND.

Note 4: Guaranteed by design.

Note 5: The total analog throughput time from DIN to Voyr is the sum of tg and tgygy (4.9us, typ).

Note 6: Daisy-chain speed is relaxed to accommodate (tcrr + tcsso)-

Note 7: DOUT speed limits overall SPI speed..

DIN ><R3><R2><R1XROXD17><D16><D15XD14>< Xoo X oo X - X - X X

tos —>': - E<_>: top

'
i

T

> e — < ip07 —» <& DO

o X m X r X a1 X R0 X 017 X pi6 X b15 X ><D2><D1><DO><O>< z

tcRH —

S

' —» - ICSR

— D07 -

tCRF —»

}

Figure 1. Serial Interface Timing Diagram, Stand-Alone Operation
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MAX5318

18-Bit, High-Accuracy Voltage Output DAC with
Digital Gain, Offset Control, and SPI Interface

Typical Operating Characteristics

(VAvDD = VDDIO = 5V, Vavss = -1.25V, VagND = VDGND = VAGND_F = VAGND_S = OV; VRer = 4.096V, TC/SB = PD = M/Z = DGND,
RST = Vppio, CrerFo = 100pF, C| = 100pF, R = 10kQ, Cgypass = 1HF, Ta = +25°C, unless otherwise noted.)

INTEGRAL NONLINEARITY INTEGRAL NONLINEARITY INTEGRAL NONLINEARITY
vs. DIGITAL INPUT CODE vs. DIGITAL INPUT CODE vs. DIGITAL INPUT CODE
20 ‘ - 20 ‘ o 20 ‘ o
6t VREF =5V g 6| VREF = 4.006V g 6| VREF = 2.5V E
: Vavbp =5.25V g : Vavpp =5V g : Vavpp =3V g
12 12 12
0.8 0.8 0.8
= 04 = 04 o = 04 i
4 4 4
= 0 = 0 = 0
= = =
-04 -04 -04
-0.8 -0.8 -0.8 + |
-1.2 -1.2 -1.2
-16 -1.6 -1.6
-2.0 -2.0 -2.0
0 65536 131072 196608 262144 0 65536 131072 196608 262144 0 65536 131072 196608 262144
CODE CODE CODE
DIFFERENTIAL NONLINEARITY DIFFERENTIAL NONLINEARITY DIFFERENTIAL NONLINEARITY
vs. DIGITAL INPUT CODE vs. DIGITAL INPUT CODE vs. DIGITAL INPUT CODE
2.0 ‘ s 2.0 ‘ a 2.0 ‘ «
w6 | VREF =5V E w6 | VRer = 4.096V E w6 | VReF = 2.5V E
2 [ Vavpp =525V g 2 | Vavop=5V g 2 | Vavop=3V g
12 12 12
0.8 0.8
= 04 by ey ey
4 4 4
= 0 = =
= = =
(=) _04 o o
-0.8 -0.8
-1.2 -1.2 -1.2
-1.6 -1.6 -1.6
-2.0 -2.0 -2.0
0 65536 131072 196608 262144 0 65536 131072 196608 262144 0 65536 131072 196608 262144
CODE CODE CODE
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MAX5318

18-Bit, High-Accuracy Voltage Output DAC with
Digital Gain, Offset Control, and SPI Interface

Typical Operating Characteristics (continued)

(VavpD = VDpDIo = 5V, Vayss = -1.25V, VagnD = VDGND = VAGND_F = VAGND_S = 0V; VRgr = 4.096V, TC/SB = PD = M/Z = DGND,

RST = Vppio, CrerFo = 100pF, C_ = 100pF, R = 10kQ, Cgypass = 1HF, Ta = +25°C, unless otherwise noted.)

DIFFERENTIAL NONLINEARITY INTEGRAL NONLINEARITY DIFFERENTIAL NONLINEARITY
vs. TEMPERATURE vs. TEMPERATURE vs. TEMPERATURE
2.0 — 5 40 — 5 2.0 — 2
16 | VRer=25V g 32 | VRer=25V g 16 | VRer=4.096V g
12 e 24 e 12 E
08 MA)iDNL 16 MAiINL 08 l\/lA)iDNL
5 04 z 08 E—— 5 04 Y
= 0 = 0 -0
a Z a
-0.4 -08 -0.4 A
t A T
-08 ! 16 ! P~ -08
MIN DNL MIN INL MIN DNL
12 24 12
16 -32 16
20 -40 20
40 2510 5 20 35 50 65 80 95 110 40 25 -10 5 20 35 50 65 80 95 110 40 25 10 5 20 35 50 65 80 95 110
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C)
INTEGRAL NONLINEARITY
DNL DISTRIBUTION vs. TEMPERATURE vs. TEMPERATURE INL DISTRIBUTION vs. TEMPERATURE
180 s 40 — - 70 s
160 5 32 |- Veer=4.096V s " E
140 moc 24 = mac
& o MAX INL & 50 I +10°C
s 10 W25T 10 - ! = +25°C
5 100 W +105°C é/a) 08 A s
S = 0 S
§ 80 = 08 § 30
= =
3 60 T T 2
° 16 MIN INL c 0 |
40 24
20 32 10
0 - -40 0 s
0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 40 25 -10 5 20 35 50 65 80 95 110 02030405060708091.01.1121314
LSB TEMPERATURE (°C) LSB

Maxim Integrated 12



MAX5318

18-Bit, High-Accuracy Voltage Output DAC with
Digital Gain, Offset Control, and SPI Interface

Typical Operating Characteristics (continued)

(VavDD = VDDIO = 5V, Vavss = -1.25V, VagND = VDGND = VAGND_F = VAGND_S = OV; VRer = 4.096V, TC/SB = PD = M/Z = DGND,

RST = Vppio, CrerFo = 100pF, C_ = 100pF, R = 10kQ, Cgypass = 1HF, Ta = +25°C, unless otherwise noted.)
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MAX5318

18-Bit, High-Accuracy Voltage Output DAC with
Digital Gain, Offset Control, and SPI Interface

Typical Operating Characteristics (continued)

(VavpD = VDpDIo = 5V, Vayss = -1.25V, VagnD = VDGND = VAGND_F = VAGND_S = 0V; VRgr = 4.096V, TC/SB = PD = M/Z = DGND,

RST = Vppio, CrerFo = 100pF, C_ = 100pF, R = 10kQ, Cgypass = 1HF, Ta = +25°C, unless otherwise noted.)

OUTPUT ERROR (LSB)

COUNT (NO. OF UNITS)

FULL-SCALE OUTPUT ERROR
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MAX5318

18-Bit, High-Accuracy Voltage Output DAC with
Digital Gain, Offset Control, and SPI Interface

Typical Operating Characteristics (continued)

(VavDD = VDDIO = 5V, Vavss = -1.25V, VagND = VDGND = VAGND_F = VAGND_S = OV; VRer = 4.096V, TC/SB = PD = M/Z = DGND,

RST = Vppio, CrerFo = 100pF, C_ = 100pF, R = 10kQ, Cgypass = 1HF, Ta = +25°C, unless otherwise noted.)

FULL-SCALE OUTPUT ERROR
vs. OUTPUT CURRENT GAIN ERROR TEMPERATURE COEFFICIENT GAIN ERROR TEMPERATURE COEFFICIENT
4 — - 70 3 70 5
CODE = OX3FFFF g g g
3 | Ver = 4.096V g 60 g 60 g
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%} L—T — —~
= 1 { 2 2
= L SINKING I = i
5 0 =g 1 = =3
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6 [ Vaer =4.096V 6 I~ VRer = 4.096V 6 [ Vaer =4.096V
& 4 | SINKING CURRENT & 4 | SINKING CURRENT _J & 4 | SOURCING CURRENT
) Ta=+25°C 2 TA=+25C ] 2 Ta=+25°C
S 2 S 2 [ s 2
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5 5 5
& 2 [ -2 [ 2
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ST e A4 e -4
6 6 6
8 -8 8
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MAX5318

18-Bit, High-Accuracy Voltage Output DAC with
Digital Gain, Offset Control, and SPI Interface

Typical Operating Characteristics (continued)

(VAavDD = VDDIO = 5V, Vavss = -1.25V, VagND = VDGND = VAGND_F = VAGND_S = OV; VReF = 4.096V, TC/SB = PD = M/Z = DGND,

RST = Vppio, Crero = 100pF, C| = 100pF, R = 10kQ, Cgypass = 1HF, Ta = +25°C, unless otherwise noted.)

OUTPUT DRIVE CAPABILITY OUTPUT DRIVE CAPABILITY OUTPUT DRIVE CAPABILITY
10 ———— N 10 . 2 ————— .
5 | coDE - Oyarer 1 ; i 17 | covE - o |
VavpD =5V £ g Vavpp =5V e g
6 [ Vaer = 4096V 6 > 14 | VRer=25V ,
oy | SOURCING CURRENT =y = | SOURCING CURRENT ]
n 4 195 4 & 1 o L
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s 2 g ? = s 8
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- —~— - = 1
g 2 T 2 2 2 22
3 4 3 4l CODE =_0x00000 3 4
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6 6 | VRer=2.5V -4
SINKING CURRENT
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10 -10 L L L L -10
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50 55 60
OUTPUT CURRENT (mA) OUTPUT CURRENT (mA) OUTPUT CURRENT (mA)
SUPPLY CURRENT POWER-DOWN SUPPLY CURRENT
vs. SUPPLY VOLTAGE vs. SUPPLY VOLTAGE
6.0 . 4 -
59 g Vpp=5V g
z 35 z
58 Ta=+05°C i =
57 | Ta=+105°C
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—_ I/— —
= 56— = 1 ] I
g8 55 — 8 %
= 54 — | =
: A
! | — 20
53 T
— | Ta=425°C
52 Tp=+25°C 15 A= R
Ta=-40°C Ta=-40°C
. | |
5.0 10
450 475 5.00 5.25 5.50 450 475 5.00 5.25 5.50
Vavop (V) Vavop (V)
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MAX5318

18-Bit, High-Accuracy Voltage Output DAC with
Digital Gain, Offset Control, and SPI Interface

Typical Operating Characteristics (continued)

(VAavDD = VDDIO = 5V, Vavss = -1.25V, VagND = VDGND = VAGND_F = VAGND_S = OV; VReF = 4.096V, TC/SB = PD = M/Z = DGND,

RST = Vppio, Crero = 100pF, C| = 100pF, R = 10kQ, Cgypass = 1HF, Ta = +25°C, unless otherwise noted.)

0.1Hz TO 10Hz OUTPUT NOISE OUTPUT NOISE DENSITY
MAX5318 toc27 1 00 -
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1. 1 90 CODE = 0x20000 =
o W :
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S 300 :
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MAX5318

18-Bit, High-Accuracy Voltage Output DAC with
Digital Gain, Offset Control, and SPI Interface

Typical Operating Characteristics (continued)

(VAavDD = VDDIO = 5V, Vavss = -1.25V, VagND = VDGND = VAGND_F = VAGND_S = OV; VReF = 4.096V, TC/SB = PD = M/Z = DGND,

RST = Vppio, Crero = 100pF, C| = 100pF, R = 10kQ, Cgypass = 1HF, Ta = +25°C, unless otherwise noted.)

MAJOR CARRY GLITCH MAJOR CARRY GLITCH
(1 LSB POSITIVE STEP) (1 LSB NEGATIVE STEP)
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(R AR [ A
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e VEDAC - : ] ViR
5V/d|V . : : : : - : 5V/dIV
............. ; SYTTYSTIIRITPIRPIRIOPS BNV
| 2V/div
2V/div
Vour S A R R )
200pV/div e T 2000V /div

1ys/div 1ys/div
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MAX5318

18-Bit, High-Accuracy Voltage Output DAC with
Digital Gain, Offset Control, and SPI Interface

Typical Operating Characteristics (continued)

(VAavDD = VDDIO = 5V, Vavss = -1.25V, VagND = VDGND = VAGND_F = VAGND_S = OV; VReF = 4.096V, TC/SB = PD = M/Z = DGND,
RST = Vppio, Crero = 100pF, C| = 100pF, R = 10kQ, Cgypass = 1HF, Ta = +25°C, unless otherwise noted.)

ENTERING POWER-DOWN RESPONSE EXITING POWER-DOWN RESPONSE
MAX5318 toc35 MAX5318 toc36
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5V/div . . . . : . © 4 Svidiv
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2V/div 2V/div
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2V/div 2V/div
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g 2V/div A T 2V/div
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MAX5318

18-Bit, High-Accuracy Voltage Output DAC with
Digital Gain, Offset Control, and SPI Interface

Pin Configuration

TOP VIEW
RST| 1 24 |VbpIo
READY | 2 23 |DGND
Mz| 3 22 |BYPASS
BUSY | 4 MAX5318 21 |AVDD2
DAC | 5 20 |AGND_F
DOUT| 6 19 |AGND_S
DIN|[ 7 18 |REF
SCLK| 8 17 |REFO
es[ 9 | 16_|RFB
TC/SB | 10 15 |OUT
PD| M 14 |AVDD1
AVSS | 12 13 |AGND
TSSOP
Pin Description
PIN NAME FUNCTION
Active-Low Reset Input. Drive RST low to DGND to put the device into a reset state. A reset state sets all
1 RST SPI input registers to their default power-on reset states as defined by the state of inputs M/Z and TC/SB.
Set RST high to VDDIO, the DAC output remains at the state defined by M/Z until LDAC is taken low.
SPI Active-Low Ready Output. READY asserts low when the device successfully completes processing
2 READY | an SPI data frame. READY asserts high at the next rising edge of CS. In daisy-chain applications, the
READY output typically drives the CS input of the next device in the chain or a GPIO of a microcontroller.
Reset Select Input. M/Z selects the default state of the analog output (OUT) after power-on or a hardware
3 M/Z or software reset. Connect M/Z to Vpp|o to set the default output voltage to midscale or to DGND to set
the default output voltage to zero scale.
Digital Input/Open-Drain Output. Connect a 2kQ pullup resistor from BUSY to Vppjo. BUSY goes low
during the internal calculations of the DAC register data. During this time, the user can continue writing
4 BUSY new data to the DIN, OFFSET, and GAIN registers, but no further updates to the DAC register and
DAC output can take place. If LDAC is asserted low while BUSY is low, this event is stored. BUSY is
bidirectional, and can be asserted low externally to delay LDAC action. BUSY also goes low during
power-on reset, when RST is low, or when software reset is activated.
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MAX5318

18-Bit, High-Accuracy Voltage Output DAC with
Digital Gain, Offset Control, and SPI Interface

Pin Description (continued)

PIN NAME FUNCTION
Active-Low Load DAC Logic Input. If LDAC is taken low while BUSY is inactive (high), the contents of the
5 DAC input registers are transferred to the DAC register and the DAC output is updated. If LDAC is taken low
while BUSY is asserted low, the LDAC event is stored and the DAC register update is delayed until BUSY
deasserts. Any event on LDAC during power-on reset or when RST is low is ignored.
6 DOUT SPI Bus Serial Data Output. See the Serial Interface section for details.
7 DIN SPI Bus Serial Data Input. See the Serial Interface section for details.
8 SCLK SPI Bus Serial Clock Input. See the Serial Interface section for details.
9 CS SPI Bus Active-Low Chip-Select Input. See the Serial Interface section for details.
pa— DIN Format Select Input. Connect TC/SB to DGND to set the data input format to straight binary or to
10 TC/SB . )
Vppio to set it to two’s complement.
Active-High Power-Down Input. Connect PD to DGND for normal operation. Connect PD to Vpp|o to
11 PD place the device in power-down. In power-down, OUT (analog voltage output) is connected to AGND
through a 2kQ resistor, but the contents of the input registers and the DAC latch do not change. The SPI
interface remains active in power-down.
19 AVSS Negative Analog Power-Supply Input. Connect to AGND or a negative supply voltage. When connected
to the negative supply voltage, bypass AVSS with a 0.1uF capacitor to AGND.
13 AGND Analog Ground. Connect to the analog ground plane.
14 AVDD1 Positive Analog Power-Supply Input. Bypass each AVDD_ locally with a 0.1uF and 10uF capacitor to
AGND (analog ground plane). Connect AVDD1 and AVDD2 together.
Buffered Analog Voltage Output. Connect OUT to RFB externally to close the output buffer feedback
15 oUT loop. The buffered output is capable of directly driving a 10kQ load. The state of M/Z sets the power-
on reset state of OUT (zero or midscale). In power-down, OUT is connected to AGND through a 2kQ
pulldown resistor.
16 RFB Feedback Resistor Input. RFB is connected through the internal feedback resistor to the inverting input of
the analog output buffer. Externally connect RFB to OUT to close the output buffer feedback loop.
17 REFO Voltage Reference Buffered Output. Bypass with a 100pF capacitor to AGND.
18 REF High-Impedance 10MQ Voltage Reference Input
19 AGND_S | DAC Analog Ground Sense
20 AGND_F | DAC Analog Ground Force. Connect to the analog ground plane.
1 AVDD2 Positive Analog Power-Supply Input. AVDD2 supplies power to the internal digital linear regulator. Bypass
AVDD2 locally to AGND with 0.1uF and 10uF capacitors. Connect AVDD2 and AVDD1 together.
22 BYPASS | Internal Bypass Connection. Connect BYPASS to DGND with 0.01uF and 1yF capacitors.
23 DGND Digital Ground
o4 v Digital Interface Power-Supply Input. Connect to a 1.8V to 5.5V logic-level supply. Bypass Vpp|o with a
DDIO 0.1pF capacitor to DGND. The supply voltage at Vpp|o sets the logic-level for the digital interface.
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MAX5318

18-Bit, High-Accuracy Voltage Output DAC with
Digital Gain, Offset Control, and SPI Interface

Detailed Description

The MAX5318 is a high-accuracy, 18-bit, serial SPI input,
buffered voltage output digital-to-analog converter (DAC) in
a 4.4mm x 7.8mm, 24-lead TSSOP package. The device fea-
tures £2 LSB INL (max) accuracy and a =1 LSB DNL (max)
accuracy over the full temperature range of -40°C to +105°C.

The DAC voltage output is buffered resulting in a fast settling
time of 3us and a low offset and gain drift of £0.5ppm/°C of
FSR (typ). The force-sense output (OUT) maintains accuracy
while driving loads with long lead lengths. Additionally, a
separate AVSS supply allows the output amplifier to go to OV
(GND) while maintaining full linearity performance.

The MAX5318 includes user-programmable digital gain and
offset correction capability to enable easy system calibration.

At power-up, the device resets its outputs to zero or mid-
scale, providing additional safety for applications, which
drive valves or other transducers that need to be off on
power-up. This is selected by the state of the M/Z input on
power-up.

The wide 2.7V to 5.5V supply voltage range and integrated
low-drift, low-noise reference buffer amplifier makes for ease
of use. Since the reference buffer input has a high input
resistance, an external buffer is not required. The device
accepts an external reference between 2.4V and Vaypp -
0.1V for maximum flexibility and rail-to-rail operation.

The MAX5318 features a 50MHz, 3-wire SPI, QSPI,
MICROWIRE, and DSP-compatible serial interface. The sep-
arate digital interface supply voltage input (Vpp|o) is com-
patible with a wide range of digital logic levels from 1.8V to
5.5V, eliminating the need for separate voltage translators.

DAC Reference Buffer
The external reference input has a high input (REF) imped-
ance of 10MQII10pF and accepts an input voltage from
+2.4V to Vaypp - 0.1V. Connect an external reference
supply between REF and AGND. Bypass the reference
buffer output REFO to AGND with a 100pF capacitor.
Connect the anode of an external Schottky diode to REF
and the cathode to AVDD1 to prevent internal ESD diode
conduction in the event that the reference voltage comes

Maxim Integrated

up before AVDD at power up. Follow the recommenda-
tions described in the Power-Supply Sequencing section.

Visit www.maximintegrated.com/products/references
for a list of available external voltage-reference devices.

Output Amplifier (OUT)
The MAX5318 includes an internal buffer for the DAC
output. The internal buffer provides improved load
regulation for the DAC output. The output buffer slews at
5V/us and drives up to 2kQ in parallel with 200pF. The
buffer has a rail-to-rail output capable of swinging to
within 100mV of AVDD_ and AVSS.

The positive analog supply voltage (AVDD_) determines
the maximum output voltage of the device as AVDD_
powers the output buffer.

The output is diode clamped to ground, preventing nega-
tive voltage excursions beyond approximately -0.6V.

Negative Supply Voltage (AVSS)
The negative supply voltage (AVSS) determines the mini-
mum output voltage. If AVSS is connected to ground, the
output voltage can be set to as low as 100mV without
degrading linearity. For operation down to OV, connect
AVSS to a negative supply voltage between -0.1V and
-1.5V. The MAX1735 is recommended for generating
-1.25V from a -5V supply.

Force/Sense
The MAX5318 uses force/sense techniques to ensure
that the load is regulated to the desired output volt-
age despite line drops due to long lead lengths. Since
AGND_F and AGND_S have code dependent ground
currents, a ground impedance less than 13mQ ensures
that the INL will not degrade by more than 0.1 LSB. Form
a star ground connection (Figure 2a) near the device
with AGND_F, AGND_S, and AGND tied together. Always
refer remote DAC loads to this system ground for best
performance. Figure 2b shows how to configure the
device and an external op amp for proper force/sense
operation. The amplifier provides as much drive as
needed to force the sensed voltage (measured between
RFB and AGND_S) to equal the desired voltage.
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18-Bit Ideal Transfer Function
The MAX5318 features 18-bit gain and 18-bit offset
adjustment as shown in Figure 3.

The incoming DIN code is multiplied and offset compen-
sated by the generic equation shown in Equation 1. The
resulting value is then applied to the DAC.

Equation 1) Generic gain and offset adjustment

DAC =DIN x GAIN+ OFFSET

The GAIN code is always an 18-bit straight binary word.
The OFFSET code is always two’s complement. It is
therefore simply added to the output of the multiplier.

To guarantee that a gain of exactly 1 is possible, the
actual gain coefficient applied to DIN is as defined in
Equation 2.

Equation 2) Calculation of gain

(GAIN) +1
18

When DIN is straight binary, the ideal transfer function is
given by:
Equation 3) Straight binary ideal transfer function

Vout =G x Vp|N + VOFFSET

When DIN is two’s complement, the ideal transfer func-
tion is given by:
Equation 4) Two’s complement ideal transfer function

Vour = +G x Vp|N + VOFFSET

VREF
2
VpiN and VorrseT are the voltages to which the DIN and
OFFSET codes are converted and Voyr is the voltage at
the DAC output buffer. See the Conversion Formulas for
DIN, GAIN, and OFFSET section for equations needed
to convert the DIN and OFFSET codes into VpN and

VOFFSET
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Figure 3. Gain and Offset Adjustment
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The data DIN can be either straight binary or two’s com-
plement. In straight binary, zero code results in a zero-
scale output. In two’s complement, zero code results in
a midscale output.

To better understand how GAIN and OFFSET affect the
output voltage, see Figure 4 and Figure 5. Consider
the generation of a ramp. For now assume OFFSET
is set to 0x00000. In straight binary mode, with GAIN
set to Ox3FFFF (G = 1), DIN starts from 0x00000 and
increases to Ox3FFFF. The output voltage will start at OV
and increase to (VRgr - 1 LSB). If GAIN is reduced, the
ramp will still start at OV but the maximum level reached
is reduced.

With DIN set to two’s complement mode, to generate the
same ramp, DIN would start at 0x20000 and increase
until it wraps around to 0x00000. At this point the
DAC output would be midscale. DIN then increases to
Ox1FFFF where the output would be full-scale -1 LSB. As

GAIN is reduced, the start of the ramp becomes larger
and the end of the ramp becomes smaller. The ramp is
therefore centered at midscale.

In both cases, a nonzero value for OFFSET results in the
output moving up or down.

Should the output of the gain and offset adjust block
overflow full-scale or underflow zero-scale, the data is
clipped so the DAC output will be clipped rather than
overflow or underflow.

The effect of gain and offset adjustment is shown in
Figure 4 for straight binary mode and Figure 5 for two’s
complement mode.

If any of the DIN, GAIN, or OFFSET registers is changed,
the device takes 1.9us (tgusy) to compute the new val-
ues to present to the DAC. While the device is computing
the new DAC value, the BUSY output is set low. See the
section on the BUSY output and LDAC input for details.

POSITIVE OFFSET
IDEAL CHARACTERISTIC
NEGATIVE OFFSET
Vour A
FULL-SCALE
VREF
e MIDSCALE
/ /\~ GAIN < OX3FFFF (G < 1)
ov ZERO-SCALE
00000h 20000h 3rrrrn DN

POSITIVE OFFSET
IDEAL CHARACTERISTIC
NEGATIVE OFFSET
Vour A
FULL-SCALE
VREF
<— GAIN < OX3FFFF (G < 1)
4 MIDSCALE
o / ZERO-SCALE
20000h 00000 1FFFen OIN

Figure 4. Gain and Offset Adjustment in Straight Binary Mode
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Figure 5. Gain and Offset Adjustment in Two’s Complement
Mode
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Conversion Formulas for DIN,

GAIN, and OFFSET
Tables 1a and 1b show how to convert the DIN code to
VpIN in straight binary and two’s complement modes.
Table 2 shows how to convert the GAIN code to the gain
factor G, which is multiplied with VpjN. Table 3 shows

how to convert the OFFSET code to VofrsgT, which is

summed with the product GeVp)N.

Table 1a. Converting DIN to Vp|N (Straight Binary Mode)

Input, Gain, and Offset Ranges
The ranges of DIN, GAIN, and OFFSET are summarized
in Table 4 to Table 6. Also shown are the range values
for the 18-bit MAX5318 with a 4.096V reference. Note that
VREF is the reference voltage applied to REF and 1 LSB
is equal to VRgp/218.

DIN

EQUATION FOR Vpy

RANGE

0x00000 to Ox3FFFF

DIN
VDIN = VREF * g
2

OV to (VRgg - 1 LSB)

Table 1b. Converting DIN to Vp|N (Two’s Complement Mode)

DIN

EQUATION FOR Vp;n AND VoFfFseT

RANGE

0x20000 to Ox3FFFF

VDIN:VREFX( 18

DIN - 0xzooooj _ VRer
2

VRer/2 to -1 LSB

0x00000 to Ox1FFFF

CODE
VDIN = VREF * —3
2

OV to (VRgp/2 -

1 LSB)
Table 2. Converting GAIN to G
GAIN EQUATION RANGE
0x00000 to Ox3FFFF G= % 1/218 10 1
2
Table 3. Converting OFFSET to VOFFSET
OFFSET EQUATION RANGE

0x20000 to Ox3FFFF

VOFFSET = VREF X {

218

OFFSET - 0xzooooJ _ VRer

2

-VREF/2 to -1 LSB

0x00000 to Ox1FFFF

OFFSET
VOFFSET = VREF * C

0V to (VREF/2 - 1 LSB)
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