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5 Pin Configuration and Functions
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K 5-1. YBH Package, 16-pin DSBGA (Top View)

Z 5-1. Pin Functions

PIN
TYPE DESCRIPTION
NO. NAME
External reference input. Connect a capacitor (approximately 0.1 u F) between VREF and AGND.
A1 VREF Power Use a pullup resistor to VDD when the external reference is not used. Do not ramp up this pin before
VDD. In case an external reference is used, make sure the reference ramps up after VDD.
A2 OUT3 Output Analog output voltage from DAC channel 3.
A3 ouT2 Output Analog output voltage from DAC channel 2.
General-purpose input/output configurable as LDAC, PD, PROTECT, RESET, SDO, and STATUS.
A4 GPIO/SDO | Input/Output | For STATUS and SDO, connect the pin to the IO voltage with an external pullup resistor. If unused,
connect the GPIO pin to VDD or AGND using an external resistor. This pin can ramp up before VDD.
B1 VDD Power Supply voltage.
Voltage feedback pin for channel 3. In voltage-output mode, connect to OUT3 for closed-loop amplifier
B2 FB3 Input : L
output. In current-output mode, keep the FB3 pin unconnected to minimize leakage current.
Voltage feedback pin for channel 2. In voltage-output mode, connect to OUT2 for closed-loop amplifier
B3 FB2 Input : .
output. In current-output mode, keep the FB2 pin unconnected to minimize leakage current.
2 . - : : -
B4 SCL/SYNC Output I<C serial !nterfacg clqck or SPI chip select input. Connect this to the IO voltage using an external
pullup resistor. This pin can ramp up before VDD.
C1 AGND Ground | Ground reference point for all circuitry on the device.
Voltage feedback pin for channel 0. In voltage-output mode, connect to OUTO for closed-loop amplifier
Cc2 FBO Input : .
output. In current-output mode, keep the FBO pin unconnected to minimize leakage current.
Voltage feedback pin for channel 1. In voltage-output mode, connect to OUT1 for closed-loop amplifier
C3 FB1 Input : L
output. In current-output mode, keep the FB1 pin unconnected to minimize leakage current.
Address configuration pin for 12C or serial data input for SPI.
C4 A0/SDI Input For A0, connect this pin to VDD, AGND, SDA, or SCL for address configuration (i 7.5.2.2.1).
For SDI, this pin need not be pulled up or pulled down. This pin can ramp up before VDD.
External bypass capacitor for the internal LDO. Connect a capacitor (approximately 1.5 n F) between
b1 CAP Power | CAP and AGND.
D2 OouTOo Output Analog output voltage from DAC channel 0.
D3 OouT1 Output Analog output voltage from DAC channel 1.
D4 SDA/SCLK | Input/Output B|d|rect|or_1a| | C szerlal data bu_s or_SPI clock input. Connect this pinto the IO voltage using an external
pullup resistor in I“C mode. This pin can ramp up before VDD.
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6 %

6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)(")

MIN MAX UNIT
Voo Supply voltage, Vpp to AGND -0.3 6 \Y
Digital inputs to AGND -0.3 Vpp + 0.3 Y
Vegx to AGND -0.3 Vpp + 0.3 \Y
Voutx to AGND -0.3 Vpp + 0.3 \Y
VRer External reference, Vrgr to AGND -0.3 Vpp+ 0.3 \Y
Current into any pin except the OUTx, VDD, and AGND pins -10 10 mA
T, Junction temperature -40 150 °C
Tstg Storage temperature -65 150 °C

(1)  Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute Maximum Ratings do not imply
functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Conditions. If
used outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not be fully
functional, and this may affect device reliability, functionality, performance, and shorten the device lifetime.

6.2 ESD Ratings

VALUE UNIT
v Electrostatic | Human body model (HBM), per ANSI/ESDA/JEDEC JS-001, all pins(") +2000 v
(ESD) discharge Charged device model (CDM), per ANSI/ESDA/JEDEC JS-002, all pins((@) +500
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN NOM MAX| UNIT
Vpp Positive supply voltage to ground (AGND) 1.7 5.5 \%
VRer External reference to ground (AGND) 1.7 Vpp Vv
Viy Digital input high voltage, 1.7 V <Vpp < 5.5V 1.62 \Y,
Vi Digital input low voltage 0.4 \%
Ccap External capacitor on CAP pin 0.5 15 uF
Ta Ambient temperature -40 125 °C
6.4 Thermal Information
DACx3004W
THERMAL METRIC(") YBH (DSBGA) UNIT
16 PINS

R ya Junction-to-ambient thermal resistance 81.2 °C/W
R0 yc(top) Junction-to-case (top) thermal resistance 0.3 °C/W
R Junction-to-board thermal resistance 20.3 °C/W
Wr Junction-to-top characterization parameter 0.2 °C/W
W Junction-to-board characterization parameter 20.3 °C/W

(1)  Forinformation about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application report.
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6.5 Electrical Characteristics: Voltage Output

all minimum/maximum specifications at Ty = - 40°C to +125°C and typical specifications at Tp =25°C, 1.7V < Vpp < 5.5V,
DAC reference tied to VDD, gain = 1 x, DAC output pin (OUT) loaded with resistive load (R_ = 5 kQ to AGND) and capacitive
load (C_ = 200 pF to AGND), and digital inputs at VDD or AGND (unless otherwise noted)

PARAMETER TEST CONDITIONS ‘ MIN TYP MAX‘ UNIT
STATIC PERFORMANCE
) DAC63004W 12 .
Resolution Bits
DAC53004W 10
DAC63004W -5 5
INL |Integral nonlinearity(() LSB
DAC53004W -1.25 1.25
DNL |Differential nonlinearity(") -1 1 LSB
Code 0d into DAC, external reference, Vpp = 5.5V 6 12
Zero-code error(®) Code 0d into DAC, internal Vggg, gain = 4 x, 6 15 mv
VDD =55V
Zero-code error temperature o
coefficient(®) +10 WvrC
1.7V < Vpp < 2.7 V, Vgg pin shorted to Vo1, DAC B
code: 32d for 12-bit resolution 0.75 0.3 0.75
Offset error(4) (6) %FSR
2.7V < Vpp < 5.5V, Vg pin shorted to Voyr, B
DAC code: 32d for 12-bit resolution 0.5 0.25 0.5
Offset-error temperature Vg pin shorted to Voyt, DAC code: 32d for 12-bit o o
coefficient® resolution, 8d for 10-bit resolution +0.0003 HFSRI"C
. Between end-point codes: 32d to 4064d for 12-bit
(4) _ o
Gain error resolution, 8d to 1016d for 10-bit resolution 05 0.25 0.5 %FSR
Gain-error temperature Between end-point codes: 32d to 4064d for 12-bit o o
coefficient®) resolution, 8d to 1016d for 10-bit resolution +0.0008 %FSRI*C
1.7V < Vpp < 2.7 V, DAC at full-scale -1 1
Full-scale error®) 6) oo %FSR
2.7V < Vpp < 5.5V, DAC at full-scale -0.5 0.5
Full-scale-error temperature | G at full-scale +0.0008 %FSRIC
coefficient®)
OUTPUT
Output voltage Reference tied to Vpp 0 Vpp \Y
R, = infinite, phase margin = 30° 200
C.L |Capacitive load® L .p g pF
Phase margin = 30° 1000
Vpp = 1.7V, full-scale output shorted to AGND or 15
zero-scale output shorted to Vpp
Short-circuit current Vpp = 2.7 V, full-scale output shorted to AGND or 50 mA
zero-scale output shorted to Vpp
Vpp = 5.5V, full-scale output shorted to AGND or 60
zero-scale output shorted to Vpp
To Vpp (DAC output unloaded, internal reference = 02 v
1.21V),Vpp = 1.21V X gain +0.2V ’
To Vpp and to AGND
(DAC output unloaded, external reference at Vpp (gain 0.8
Output-voltage headroom® | =1 x), the Vgrer pin is not shorted to Vpp)
To Vpp and to AGND (I oap = 10 mA at Vpp = 5.5V, %FSR
ILOAD=3 mA at VDD=2-7 V, ILOAD= 1 mA at VDD = 10
1.8 V), external reference at Vpp (gain = 1 x), the Vggr
pin is not shorted to Vpp)
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6.5 Electrical Characteristics: Voltage Output (continued)

all minimum/maximum specifications at Tpo = - 40°C to +125°C and typical specifications at Tp = 25°C, 1.7V < Vpp < 5.5V,
DAC reference tied to VDD, gain = 1 x, DAC output pin (OUT) loaded with resistive load (R_ =5 kQ to AGND) and capacitive

load (C_ = 200 pF to AGND), and digital inputs at VDD or AGND (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
DAC output enabled, internal reference (gain = 1.5 x
) 3 or 2 x) or external reference at Vpp (gain = 1 x), the 400 500 600
Zo |Vgg dc output impedance(® Ve pin is not shorted to Vpp kQ
DAC output enabled, internal Vggg, gain = 3 x or 4 x 325 400 485
Power supply rejection ratio Internal Vggg, gain = 2 x, DAC at midscale,
(dc) Vpp =5V £10% 0-25 mviv
DYNAMIC PERFORMANCE
1/4 to 3/4 scale and 3/4 to 1/4 scale settling to 20
L 10%FSR, Vpp=5.5V
tsett | Output voltage settling time - us
1/4 to 3/4 scale and 3/4 to 1/4 scale settling to 25
10%FSR, Vpp = 5.5V, internal Vggf, gain =4 x
Slew rate Vpp=5.5V 0.3 V/ius
At start-up (DAC output disabled) 75
Power-on glitch magnitude mV
At start-up (DAC output disabled), R = 100 kQ 200
Output-enable glitch DAC output disabled to enabled (DAC registers at zero
. 250 mV
magnitude scale), R_ = 100 kQ
) f=0.1 Hz to 10 Hz, DAC at midscale, Vpp = 5.5V 50
Output noise voltage (peak to -
Vin peak) Internal Vrgg, gain =4 x, f=0.1 Hz to 10 Hz, 9 HVpp
DAC at midscale, Vpp = 5.5V
f =1 kHz, DAC at midscale, Vpp = 5.5V 0.35
Output noise density Internal Vrer gain = 4 x, f = 1 kHz, DAC at midscale, 0.9 WV/ v Hz
VDD =55V ’
Power supply reiection ratio Internal Vggg, gain = 4 x, 200-mV 50-Hz or 60-Hz sine
(ac)® pply rej wave superimposed on power supply voltage, DAC at -68 dB
midscale
oo +1 LSB change around midscale (including 3
Code change glitch impulse feedthrough) 10 nV-s
Code change glitch impulse +1 LSB change around midscale (including 1
. 5 mV
magnitude feedthrough)
POWER
Normal operation, DACs at full scale, digital pins
Ipp | Current flowing into VDD®) () |static, external reference at Vpp but the Vggr pin is not 35 50| pAlch
shorted to Vpp

(1)  Measured with DAC output unloaded. For external reference and internal reference Vpp = 1.21 x gain + 0.2 V, between end-point
codes: 32d to 4064d for 12-bit resolution, 8d to 1016d for 10-bit resolution.

(2) Specified by design and characterization, not production tested.

(3) Specified with 200-mV headroom with respect to reference value when internal reference is used.

(4) Measured with DAC output unloaded.

(5) The total power consumption is calculated by Ipp x (total number of channels powered on) + (sleep-mode current).

(6) When a DAC channel is configured in IOUT mode for long term and then switched to VOUT mode, the VOUT mode can show

parametric drift.
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6.6 Electrical Characteristics: Current Output

all minimum/maximum specifications at To = - 40°C to +125°C and typical specifications at Tp = 25°C, 1.7V < Vpp < 5.5V,
+250-pA output range, and digital inputs at VDD or AGND (unless otherwise noted)

PARAMETER TEST CONDITIONS ‘ MIN TYP MAX UNIT
STATIC PERFORMANCE
Resolution 8 Bits
DAC codes between 10d and 255d for current output
INL |Integral nonlinearity range of O pA to 25 pA, DAC codes between 0d and -1 1 LSB
255d for other ranges
DAC codes between 10d and 255d for current output
DNL |Differential nonlinearity range of O yA to 25 pyA, DAC codes between 0d and -1 1 LSB
255d for other ranges
Offset error DAC output range: 0 pA to 25 pA, DAC at code 10d +1.5 %FSR
DAC output ranges: 0 pA to 50 pA, 0 pA to 125 pA, o
Offset error and 0 pA to 250 pA; DAC at zero-scale 5 #FSR
Offset error all unipolar negative ranges, DAC at zero-scale -5 %FSR
DAC output ranges: +25 pA, +50 pA, 125 pA, and o
Offset error +250 pA; DAC at midscale 1 %FSR
. DAC output range: 0 pA to 25 pA, DAC codes between o
Gain error 10d and 255d +1.5 %FSR
. DAC output ranges: 0 pA to 50 pA, 0 pA to 125 pA, o
Gain error and 0 pA to 250 uA; DAC codes between 0d and 255d 1.5 %FSR
Gain error all unipolar negative ranges, DAC codes between 0d +5 %FSR
and 255d
. DAC output ranges: £25 pA, 50 pA, £125 pA, and o
Gain error +250 pA; DAC codes between 0d and 255d 1.3 %FSR
OUTPUT
Output compliance voltage(") | DAC output range: 0 pA to 25 pA, to Vpp and to Agnp 200 mV
. DAC output ranges: 0 pA to 50 pA, 0 pA to 125 pA,
(1)
Output compliance voltage and 0 pA to 250 pA: 1o Vpp 400 mV
Output compliance voltage(!  |all unipolar negative ranges, to Vpp 400 mv
. DAC output ranges: +25 pA, £50 pA, 125 pA, and
(1)
Output compliance voltage 250 pA: to Vpp and to AGND 400 mV
Zo |lout dc output impedance® | DAC at midscale, DAC output kept at Vpp/2 60 MQ
Power supply rejection ratio DAC at midscale, output range: 0 yA to 25 YA, Vpp 0.28 LSBIV
(dc) changed from4.5Vt0 5.5V )
Power supply rejection ratio DAC at midscale, all unipolar positive ranges, Vpp 0.33 LSBIV
(dc) changed from 4.5 V to 5.5V )
Power supply rejection ratio DAC at midscale, all unipolar negative ranges, Vpp 0.83 LSB/V
(dc) changed from 4.5V to 5.5V '
Power supply rejection ratio DAC at midscale, all bipolar ranges, Vpp changed from 0.23 LSBV
(dc) 4.5V to 5.5V '
DYNAMIC PERFORMANCE
1/4 to 3/4 scale and 3/4 to 1/4 scale settling to 1 LSB
tsett | Output current settling time at 8-bit resolution, Vpp = 5.5 V, common-mode voltage 60 us
at OUTx pin is Vpp/2
Vv Output noise current (peak to  |0.1 Hz to 10 Hz, DAC at midscale, 150 nA
" |peak) Vpp = 5.5 V, +250-pA output range PP
. . f =1 kHz, DAC at midscale, —_
Output noise density Vpp = 5.5 V, £250-A output range 1 nA/ v Hz
Power supply reiection ratio +250 PA output range, 200-mV 50-Hz or 60-Hz sine
(ac)® PRIy Te) wave superimposed on power-supply voltage, DAC at 0.65 LSB/V
midscale
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6.6 Electrical Characteristics: Current Output (continued)

all minimum/maximum specifications at Tpo = - 40°C to +125°C and typical specifications at Tp = 25°C, 1.7V < Vpp < 5.5V,
+250-pA output range, and digital inputs at VDD or AGND (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS ‘ MIN TYP MAX UNIT
POWER
Ibp | Current flowing into VDD® @) Normal operatlor),.DAC.s at m@scale, all unipolar 18 24 uA/ch
output ranges, digital pins static
Normal operation, DACs at full scale, +25-pA output
o . . 42 50
range, digital pins static
Normal operation, DACs at full scale, £50-pA output
o . ) 56 70
o range, digital pins static
Ipp | Current flowing into VDD®) ) pA/ch
Normal operation, DACs at full scale, +125-pA output
o ) ) 98 120
range, digital pins static
Normal operation, DACs at full scale, +250-pA output
o . ) 167 200
range, digital pins static

(1)  Measured between DAC codes 0d and 255d.

(2) Specified by design and characterization, not production tested.

(3)  The current flowing into Vpp does not account for the load current sourced or sunk on the OUTx pins. The Vggr pin is connected to
(4) The total power consumption is calculated by Ipp x (total number of channels powered on) + (sleep-mode current).
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6.7 Electrical Characteristics: Comparator Mode

all minimum/maximum specifications at T = - 40°C to +125°C and typical specifications at Tp = 25°C, 1.7V < Vpp < 5.5V,
DAC reference tied to VDD, gain = 1 x in voltage output mode, DAC output pin (OUT) loaded with resistive load (R =5 kQ
to AGND) and capacitive load (C_ = 200 pF to AGND), and digital inputs at VDD or AGND (unless otherwise noted)

disconnected from ground

PARAMETER TEST CONDITIONS ‘ MIN TYP MAX‘ UNIT
STATIC PERFORMANCE
1.7V < Vpp < 5.5V; DAC at midscale,
Offset error(!) @ comparator input at Hi-Z, and DAC operating -6 0 6| mv
with external reference.
Vpp = 5.5V, external reference, Tp = 125°C, FB
. (1) in Hi-Z mode, DAC at full scale and Vg at 0 V
Offset error time drift or DAC at zero scale and Vg at 1.84 V, drift 4 mV
specified for 10 years of continuous operation
OUTPUT
VRer connected to Vpp, Vg resistor network 0 Vv
connected to ground DD
Input voltage v tod 10 Ver V - twork v
Rer connected to Vpp, Vgg resistor networl 0 VDD < (1/3 _ 1/100)

output, output current of 100 yA, comparator
output configured in push-pull mode, load
capacitor at DAC output is 25 pF

VoL |Logic low output voltage lLoap = 100 1 A, output in open-drain mode 0.1 \%
DYNAMIC PERFORMANCE

DAC at midscale with 10-bit resolution, FB input

at Hi-Z, and transition step at FB node is (Vpac

- 2LSB) to (Vpac + 2 LSB), transition time
tresp | Output response time measured between 10% and 90% of 10 us

(1)
@)

Specified by design and characterization, not production tested.
This specification does not include the total unadjusted error (TUE) of the DAC.
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6.8 Electrical Characteristics: General

all minimum/maximum specifications at T = - 40°C to +125°C and typical specifications at Tp = 25°C, 1.7V < Vpp < 5.5V,

DAC reference tied to VDD, gain = 1 x in voltage output mode or +250-pA output range in current output mode, DAC output
pin (OUT) loaded with resistive load (R =5 kQ to AGND) in voltage-output mode and capacitive load (C, = 200 pF to
AGND), and digital inputs at VDD or AGND (unless otherwise noted)

series resistance of 10 kQ at OUT pin

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNIT
INTERNAL REFERENCE
Initial accuracy Ta=25°C 1.1979 1.212 1.224 \Y
Reference output temperature o
coefficient( ) 50| ppm/°C
EXTERNAL REFERENCE
Vger input impedance(") (3) 192 kQ-ch
EEPROM
-40°C < Tp < +85°C 20000
Endurance(!) Cycles
Ta=125°C 1000
Data retention(!) Ta=25°C 50 Years
EEPRQM(E))rogramming write 200 ms
cycle time
Time taken from power valid (Vpp = 1.7 V) to output
Device boot-up time(") valid state (output state as programmed in EEPROM), 5 ms
0.5-uF capacitor on the CAP pin
DIGITAL INPUTS
- Voltage output mode, DAC output static at midscale,
Digital feedthrough fast mode plus, SCL toggling 20 nV-s
Pin capacitance Per pin 10 pF
POWER-DOWN MODE
N DAC in deep-sleep mode, internal reference powered
Iop |Current flowing into VDD down. SDO mode disabled 1.5 3 HA
I DAC in sleep mode, internal reference powered down,
Iopp |Current flowing into VDD external reference at 5.5 \V 28 MA
L DAC in sleep mode, internal reference
M ’
lop | Current flowing into VDD enabled, additional current through internal reference 10 WA
DAC channels enabled, internal reference enabled,
Ipp | Current flowing into VDD() additional current through internal reference per DAC 12.5 MA
channel in voltage-output mode
HIGH-IMPEDANCE OUTPUT
DAC in Hi-Z output mode, 1.7V < Vpp < 5.5V 10 nA
Vpp =0V, Vout < 1.5V, decoupling capacitor 200 nA
between Vpp and AGND =0.1 nF
Current flowing into Voytx and
ILEAk Vesx Vpp =0V, 1.5V <Vpyt < 5.5V, decoupling capacitor 500 nA
between Vpp and AGND =0.1 uF
100 kQ between VDD and AGND, VOUT <125V, 42 IJA

M
(2
©)

Specified by design and characterization, not production tested.
Measured at - 40°C and +125°C and calculated the slope.
Impedances for the DAC channels are connected in parallel.
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6.9 Timing Requirements: 12C Standard Mode

all input signals are timed from VIL to 70% of Vpyjyp, 1.7V < Vpp < 5.5V,

- 40°C < Tp < +125°C, and 1.7 V < Vpyip

< Vpp V

MIN NOM MAX UNIT
fscL SCL frequency 100 kHz
tsuF Bus free time between stop and start conditions 4.7 us
tHDsSTA Hold time after repeated start 4 us
tsusTa Repeated start setup time 4.7 us
tsusTo Stop condition setup time 4 us
tHDDAT Data hold time 0 ns
tsupaT Data setup time 250 ns
tLow SCL clock low period 4700 ns
thicH SCL clock high period 4000 ns
te Clock and data fall time 300 ns
tr Clock and data rise time 1000 ns
tvppaT Data valid time, R = 360 Q, Cyrace = 23 pF, Cprope = 10 pF 3.45 us
tvback Data valid acknowledge time, R = 360 Q, Cyrace = 23 pF, Cprope = 10 pF 3.45 us

6.10 Timing Requirements: I2C Fast Mode

all input signals are timed from VIL to 70% of Vpyjyp, 1.7V < Vpp < 5.5V,

- 40°C < Tp < +125°C, and 1.7 V < Vpyip

< Vpp V

MIN NOM MAX UNIT
fscL SCL frequency 400 kHz
tsur Bus free time between stop and start conditions 1.3 us
tHDsSTA Hold time after repeated start 0.6 us
tsusta Repeated start setup time 0.6 us
tsusTo Stop condition setup time 0.6 us
tHDDAT Data hold time 0 ns
tsupaT Data setup time 100 ns
tLow SCL clock low period 1300 ns
thiH SCL clock high period 600 ns
te Clock and data fall time 300 ns
tr Clock and data rise time 300 ns
tvpDAT Data valid time, R = 360 Q, Cyrace = 23 pF, Cprope = 10 pF 0.9 us
tvpack Data valid acknowledge time, R =360 Q, Cyrace = 23 pF, Cprope = 10 pF 0.9 us

6.11 Timing Requirements: 12C Fast Mode Plus

all input signals are timed from VIL to 70% of Vpyj.yp, 1.7V < Vpp < 5.5V,

- 40°C < Tp < +125°C, and 1.7 V < Vpyiup

< Vpp V

MIN NOM MAX UNIT
fscL SCL frequency 1 MHz
tsur Bus free time between stop and start conditions 0.5 us
tHDsTA Hold time after repeated start 0.26 us
tsusTa Repeated start setup time 0.26 us
tsusto Stop condition setup time 0.26 us
tHDDAT Data hold time 0 ns
tsupat Data setup time 50 ns
tLow SCL clock low period 0.5 Us
tHigH SCL clock high period 0.26 Us
te Clock and data fall time 120 ns
tr Clock and data rise time 120 ns
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all input signals are timed from VIL to 70% of Vpyjyp, 1.7V < Vpp < 5.5V, -40°C < Tp < +125°C, and 1.7 V < Vyyp
< VppV

MIN NOM MAX UNIT
tvopat Data valid time, R = 360 Q, Cyrace = 23 pF, Cprope = 10 pF 0.45 s
tvback Data valid acknowledge time, R = 360 Q, Cyace = 23 pF, Cprone = 10 pF 0.45 us

6.12 Timing Requirements: SPI Write Operation
all input signals are specified with t, = tr = 1 V/ns (10% to 90% of Vo) and timed from a voltage level of (VIL + VIH) / 2,
17V<V, <55V, 1.7V<Vpp<55V,and -40°C < Tp < +125°C

MIN NOM MAX| UNIT
fscLk Serial clock frequency 50 MHz
tscikricH | SCLK high time 9 ns
tscikLow | SCLK low time 9 ns
tspis SDI setup time 8 ns
tspiH SDI hold time 8 ns
tcss CS to SCLK falling edge setup time 18 ns
tcsH SCLK falling edge to CS rising edge 10 ns
tesHiGH CS high time 50 ns
{OACWAIT Sequential DAC update wait time (time between subsequent LDAC falling 2 us

edges) for same channel
- S(;c;zti;ast DAC update wait time (time between subsequent LDAC falling 2 us

6.13 Timing Requirements: SPI Read and Daisy Chain Operation (FSDO = 0)
all input signals are specified with t, = tr = 1 V/ns (10% to 90% of Vo) and timed from a voltage level of (VIL + VIH) / 2,
17V<V, <55V, 1.7V<Vpp <55V, -40°C < Tp < +125°C, and FSDO =0

MIN NOM MAX| UNIT
fscLk Serial clock frequency 1.25 MHz
tsciknigH | SCLK high time 350 ns
tscikLow | SCLK low time 350 ns
tspis SDI setup time 8 ns
tspiH SDI hold time 8 ns
tcss SYNC to SCLK falling edge setup time 400 ns
tcsH SCLK falling edge to SYNC rising edge 400 ns
tesHiGH SYNC high time 1 us
tspobLy SCLK rising edge to SDO falling edge, lo. < 5 mA, C, = 20 pF. 300 ns

6.14 Timing Requirements: SPI Read and Daisy Chain Operation (FSDO = 1)
all input signals are specified with t. = tt = 1 V/ns (10% to 90% of V,p) and timed from a voltage level of (VIL + VIH) / 2,
17V<Vo<55V,1.7V<Vpp <55V, -40°C < Tx < +125°C, and FSDO = 1

MIN NOM MAX UNIT
fscLk Serial clock frequency 25 MHz
tscLkHigH | SCLK high time 175 ns
tscLkLow | SCLK low time 175 ns
tspis SDI setup time 8 ns
tspiH SDI hold time 8 ns
tcss SYNC to SCLK falling edge setup time 300 ns
tesH SCLK falling edge to SYNC rising edge 300 ns
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all input signals are specified with t. = tt = 1 V/ns (10% to 90% of Vo) and timed from a voltage level of (VIL + VIH) / 2,
17V<SV,pg<55V,1.7V<Vpp <55V, -40°C < T, < +125°C, and FSDO =1

MIN NOM MAX UNIT
tCSHIGH SYNC hlgh time 1 MS
tspopLy SCLK rising edge to SDO falling edge, lo. < 5 mA, C, = 20 pF. 300 ns
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6.15 Timing Requirements: GPIO
all input signals are specified with t, = tr = 1 V/ns (10% to 90% of Vo) and timed from a voltage level of (VIL + VIH) / 2,
17V=sV, <55V, 1.7V<Vpp<55V,and -40°C < Tp < +125°C

MIN NOM MAX UNIT
tGPIHIGH GPI high time 2 us
tepiLOW GPI low time 2 us
tepaweD LDAC falling edge to DAC update delay 2 us
tcsotpac | SYNC rising edge to LDAC falling edge 1 us
tstroLpac | 12C stop bit rising edge to LDAC falling edge 1 us
toacw LDAC low time 2 us

6.16 Timing Diagrams
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S: Start bit, Sr: Repeated start bit, P: Stop bit

& 6-1. I2C Timing Diagram
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& 6-2. SPI Write Timing Diagram
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& 6-3. SPI Read Timing Diagram
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6.17 Typical Characteristics: Voltage Output

at Tp = 25°C, Vpp = 5.5V, external reference = 5.5V, gain = 1 x, 12-bit resolution, and DAC outputs unloaded (unless
otherwise noted)
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—— Channel 3 —— Channel 3
-5 -5
32 544 1056 1568 2080 2592 3104 3616 4064 32 544 1056 1568 2080 2592 3104 3616 4064
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A 6-4. Voltage Output INL vs Digital Input Code A 6-5. Voltage Output INL vs Digital Input Code
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Al 6-6. Voltage Output INL vs Temperature & 6-7. Voltage Output INL vs Supply Voltage
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| 6-8. Voltage Output DNL vs Digital Input Code & 6-9. Voltage Output DNL vs Digital Input Code
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6.17 Typical Characteristics: Voltage Output (continued)

at Tp = 25°C, Vpp = 5.5V, external reference = 5.5V, gain = 1 x, 12-bit resolution, and DAC outputs unloaded (unless
otherwise noted)

1 1
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&l 6-10. Voltage Output DNL vs Temperature & 6-11. Voltage Output DNL vs Supply Voltage
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& 6-12. Voltage Output TUE vs Digital Input Code & 6-13. Voltage Output TUE vs Digital Input Code
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A& 6-14. Voltage Output TUE vs Temperature
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DAC channels at midscale

& 6-15. Voltage Output TUE vs Supply Voltage
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6.17 Typical Characteristics: Voltage Output (continued)

at Tp = 25°C, Vpp = 5.5V, external reference = 5.5V, gain = 1 x, 12-bit resolution, and DAC outputs unloaded (unless
otherwise noted)
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& 6-18. Voltage Output vs Load Current 6-19. Voltage Output Code-to-Code Glitch - Rising Edge
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& 6-20. Voltage Output Code-to-Code Glitch: Falling Edge & 6-21. Voltage Output Setting Time: Rising Edge
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6.17 Typical Characteristics: Voltage Output (continued)

at Tp = 25°C, Vpp = 5.5V, external reference = 5.5V, gain = 1 x, 12-bit resolution, and DAC outputs unloaded (unless

otherwise noted)

Trigger (1 V/div)

Vour (1 V/div)

Settling Band (+10% FSR)
Settling Band (-10% FSR)

Time (us)
DAC at zero scale

& 6-24. Voltage Output Power-Off Glitch
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& 6-22. Voltage Output Setting Time: Falling Edge & 6-23. Voltage Output Power-On Glitch

—— Vpp (1 V/div) —— CHO (1 V/div)

— Vour (1 mV/div) —— CH1 (1 V/div)
—— CH2 (1 mV/div)
—— CH3 (1 V/div) /

oy
i ' / f
/r
H
h——j _\‘
0 200 400 600 800 1000 1200 1400 1600 0 5 10 15 20 25 30 35 40

Time (us)
Channel 2 is resident, all other channels are interferers

Al 6-25. Voltage Output Channel-to-Channel Crosstalk
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&l 6-26. Voltage Output Noise Density

Noise Density (uV/\Hz)

N
- N D O o N

0.2 =
1]

10 2030 50 100 200 5001000
Frequency (Hz)

10000 100000

& 6-27. Voltage Output Noise Density
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6.17 Typical Characteristics: Voltage Output (continued)

at Tp = 25°C, Vpp = 5.5V, external reference = 5.5V, gain = 1 x, 12-bit resolution, and DAC outputs unloaded (unless
otherwise noted)
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& 6-28. Voltage Output Flicker Noise Kl 6-29. Voltage Output Flicker Noise
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6.18 Typical Characteristics: Current Output
at Ty = 25°C, Vpp = 5.5V, output range: +250 u A (unless otherwise noted)
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& 6-31. Current Output INL vs Digital Input Code A 6-32. Current Output INL vs Digital Input Code
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& 6-33. Current Output INL vs Digital Input Code & 6-34. Current Output INL vs Temperature
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& 6-35. Current Output INL vs Supply Voltage &l 6-36. Current Output DNL vs Digital Input Code
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6.18 Typical Characteristics: Current Output (continued)

at Ty = 25°C, Vpp = 5.5V, output range: 250 u A (unless otherwise noted)
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& 6-41. Current Output TUE vs Digital Input Code
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&l 6-42. Current Output TUE vs Digital Input Code

Output range: 0 1 Ato 250 1 A
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6.18 Typical Characteristics: Current Output (continued)
at Ty = 25°C, Vpp = 5.5V, output range: 250 u A (unless otherwise noted)
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& 6-45. Current Output TUE vs Supply Voltage & 6-46. Current Output Offset Error vs Temperature
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6.18 Typical Characteristics: Current Output (continued)

at Ty = 25°C, Vpp = 5.5V, output range: 250 u A (unless otherwise noted)
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A 6-53. Current Output Channel-to-Channel Crosstalk
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& 6-54. Current Output AC PSRR vs Frequency
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6.18 Typical Characteristics: Current Output (continued)

at Ty = 25°C, Vpp = 5.5V, output range: 250 u A (unless otherwise noted)
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& 6-55. Current Output Noise Density

0
10000 100000 10 2030 50 100 200 5001000 10000 100000
Frequency (Hz)

& 6-56. Current Output Noise Density
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&l 6-58. Current Output Flicker Noise
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6.19 Typical Characteristics: Comparator

at Tp = 25°C, Vpp = 5.5V, external reference = 5.5 V, gain = 1x, 12-bit resolution, FBx pin in Hi-Z mode, and DAC outputs
unloaded (unless otherwise noted)
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0 2 4 6 8 10 0 2 4 6 8 10
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Bl 6-59. Comparator Response Time: Low-to-High Transition Kl 6-60. Comparator Response Time: High-to-Low Transition
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& 6-61. Comparator Offset Error vs Temperature
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6.20 Typical Characteristics: General

at Tp = 25°C, Vpp = 5.5V, and DAC outputs unloaded (unless otherwise noted)
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& 6-64. Power-Down Current vs Temperature
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A 6-62. Internal Reference vs Temperature B 6-63. Internal Reference vs Supply Voltage
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— VDD =55V
0 0
40 -25 -10 5 20 35 50 65 80 95 110 125 40 -25 -10 5 20 35 50 65 80 95 110 125

Temperature (°C)

Deep-sleep mode

& 6-65. Power-Down Current vs Temperature

5

Boot-up Time (ms)

0.5 3.5 6.5
External Capacitance on CAP Pin (uF)

[ 6-66. Boot-up Time vs Capacitance on CAP pin

9.5 12.5 15
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7.1 Overview

The 12-bit DAC63004W and 10-bit DAC53004W (DACx3004W) are a pin-compatible family of quad-channel,
buffered, voltage-output and current-output, smart digital-to-analog converters (DACs). The DAC channels are
independently configurable as voltage or current output. The DAC outputs change to Hi-Z when VDD is off. This
feature is useful in voltage-margining applications. These smart DACs contain nonvolatile memory (NVM), an
internal reference, automatically detectable SPI or I2C interface, PMBus-compatibility in I2C mode, force-sense
output, and a general-purpose input. These devices support Hi-Z power-down modes by default, which can be
configured to 10 kQ-GND or 100 kQQ-GND using the NVM. The DACx3004W have a power-on-reset (POR)
circuit that makes sure all the registers start with default or user-programmed settings using NVM. The
DACx3004W operate with either an internal reference, external reference, or with a power supply as the
reference, and provide a full-scale output of 1.8 Vt0o 5.5 V.

The DACx3004W devices support 12C standard mode (100Kbps), fast mode (400Kbps), and fast mode plus
(1Mbps). The I2C interface can be configured with four target addresses using the A0 pin. These devices also
support specific PMBus commands such as turn on/off, margin high or low, and more. The SPI mode supports a
three-wire interface by default with up to a 50-MHz SCLK input. The GPIO input can be configured as SDO in
the NVM for SPI read capability. The GPIO input can alternatively be configured as the LDAC, PD, STATUS,
FAULT-DUMP, RESET, or PROTECT function.

The DACx3004W also include digital slew rate control, and support standard waveform generation such as sine
and cosine, triangular, and sawtooth waveforms. These devices can generate pulse-width modulation (PWM)
output with the combination of the triangular or sawtooth waveform and the FB pin. The force-sense outputs of
the DAC channels can be used as programmable comparators. The comparator mode allows programmable
hysteresis, latching comparator, window comparator, and fault-dump to the NVM. These features enable the
DACx3004W to go beyond the limitations of a conventional DAC that depends on a processor to function. As a
result of processor-less operation and the smart feature set, the DACx3004W are called smart DACs.

7.2 Functional Block Diagram

CAP VREF VDD
| LDO | Internal
+ ¢ Reference
AO/SDI A
— P o] Nonvolatile MUX
SCL/SYNC &% 8 Memory
o8
SDA/SCLK == A A @ o0 [
= DAC DAC B
GPIO/SDO o2 —1 . DAC + oUuTo-3
Te Buffer Register BUF O/O
o® -
T A
- FBO-3
o Power On Reset
o £ o R1
o
o '»E’ Function Generation Power Down Logic O_utput.
S Configuration
: %
Channel 0-3
|
|
|
AGND
& 7-1. Functional Block Diagram
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7.3.3 Nonvolatile Memory (NVM)

The DACx3004W contain nonvolatile memory (NVM) bits. These memory bits are user programmable and
erasable, and retain the set values in the absence of a power supply. All the register bits, as shown in the
highlighted gray cells in the Register Map section, can be stored in the NVM by setting NVM-PROG = 1 in the
COMMON-TRIGGER register. The NVM-PROG is an autoresetting bit. The default values for all the registers in
the DACx3004W are loaded from NVM as soon as a POR event is issued.

The DACx3004W also implement NVM-RELOAD bit in the COMMON-TRIGGER register. Set this bit to 1 for the
device to start an NVM-reload operation. After completion, the device autoresets the NVM-RELOAD bit to 0.
During the NVM write or reload operation, all read/write operations to the device are blocked. The Electrical
Characteristics: General section provides the timing specification for the NVM write cycle. The processor must
wait for the specified duration before resuming any read or write operation on the SPI or I2C interface.

7.3.4 Power Consumption

The power consumption of the DACx3004W in sleep mode and deep-sleep mode are provided in the Typical
Characteristics: General section. In normal operation, the total power consumption of the device depends on the
number of channels powered on and the output mode of each channel (voltage or current). In current-output
mode, the Ipp also depends on the output range. The Ipp calculation excludes the load current. For example, in
the £250 1 A output mode with a DAC setting of +125 1 A, the total current drawn through the VDD pin is the
total Ipp plus 125 u A. The total Ipp in normal operation can be calculated using /722 1.

3
PNorMAL_MODE = Vpp X (Ipp_sLeep + Ipp_REF) + XX = 0(Vpp X Ipp_x) (1)
where:

* Ipp_sLeep is the current through Vpp in sleep mode when all the channels and internal reference are powered
down.

* Ipp_rer is the reference current, which is:
- either the current drawn by the reference input impedance when Vpp is used as reference
- or the current drawn by the internal reference, if enabled

* Ipp_x is the current through Vpp for every powered-on channel-X.

&1
When an external reference is used, the current is calculated mainly as the current sourced from the
external reference, which is equal to the reference voltage divided by the input impedance of the
VREF pin.
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7.4.1.1.1 Internal Reference

The DACx3004W contain an internal reference that is disabled by default. To enable the internal reference, write
1 to bit EN-INT-REF in the COMMON-CONFIG register. The internal reference generates a fixed 1.21-V voltage
(typical). Use the VOUT-GAIN-X bit in the DAC-X-VOUT-CMP-CONFIG register to achieve gains of 1.5 x, 2 x, 3
x, or 4 x for the DAC output voltage (Voyt). /723X 2 shows DAC transfer function using the internal reference.

v _ DAC_DATA
ouT — N

X VRgr X GAIN 2)

where:

* Nis the resolution in bits, 10 (DAC53004W) or 12 (DAC63004W).

* DAC_DATA is the decimal equivalent of the binary code that is loaded to the DAC-X-DATA bit in the DAC-X-
DATA register. DAC_DATA ranges from 0 to 2N - 1.

* VRer is the internal reference voltage = 1.21 V (typical).

* GAIN=1.5x,2x, 3 x,or4 %, based on VOUT-GAIN-X bits.
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7.4.1.1.2 External Reference

By default, the DACx3004W operate from an external reference input. The external reference option can also be
selected by configuring the VOUT-GAIN-X field in the DAC-X-VOUT-CMP-CONFIG register appropriately. Write
1 to the DIS-MODE-IN bit in the DEVICE-MODE-CONFIG register to minimize Ipp. The external reference can
be between 1.7 V and VDD. 53 3 shows DAC transfer function when the external reference is used. The
gain at the output stage of the DAC is always 1 x in the external reference mode.

#HIE
The external reference must be less than VDD in both transient and steady-state conditions.
Therefore, the external reference must ramp up after VDD and ramp down before VDD.

DAC_DATA
Vour = N X VREF (3)

where:

* N is the resolution in bits, 10 (DAC53004W) or 12 (DAC63004W).

» DAC_DATA is the decimal equivalent of the binary code that is loaded to the DAC-X-DATA field in the DAC-
X-DATA register. DAC_DATA ranges from 0 to 2N - 1.

* Vger is the external reference voltage.

7.4.1.1.3 Power-Supply as Reference
The DACx3004W can operate with the power-supply pin (VDD) as a reference. /723 4 shows DAC transfer

function when the power-supply pin is used as reference. The gain at the output stage is always 1x.

DAC_DATA
Vour = N X Vpp (4)

where:

* N is the resolution in bits, 10 (DAC53004W) or 12 (DAC63004W).

* DAC_DATA is the decimal equivalent of the binary code that is loaded to the DAC-X-DATA bit in the DAC-X-
DATA register.

+ DAC_DATA ranges from 0 to 2N - 1.

* Vpp is used as the DAC reference voltage.

7.4.2 Current-Output Mode

To enter current-output mode for each DAC channel, disable the respective IOUT-PDN-X bits in the COMMON-
CONFIG register, and set the respective VOUT-PDN-X bits in the same register to Hi-Z power-down mode.
Select the desired current-output range by writing to the IOUT-RANGE-X bit in the DAC-X-IOUT-MISC-CONFIG
register. To minimize leakage in current-output mode, disconnect the FBx pin. For the best power-on glitch
performance, program the NVM with IOUT mode using the smallest output range before powering on the output
channel, and then immediately program the DAC code and desired output range. The transfer function of the
output current is shown in the following equation:

DAC_DATA X (IMAX - IMIN)
Ioytr = 58 + IMIN (5)

where:

+ DAC_DATA is the decimal equivalent of the binary code that is loaded to the DAC-X-DATA bits specified in 5
7.6.8 or the DAC-X-DATA-8BIT bits specified in 77 7.6.19. DAC_DATA ranges from 0 to 255.

* Iyax is the signed maximum current in the IOUT-RANGE-X setting specified in #7 7.6.5.

* Iy is the signed minimum current in the IOUT-RANGE-X setting specified in 5 7.6.5.
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7.4.3.2 Programmable Window Comparator

Window comparator mode is enabled by setting the CMP-X-MODE bit to 10b, as shown in 3 7-2. The window
bounds are set by the DAC-X-MARGIN-HIGH and the DAC-X-MARGIN-LOW registers, as shown in |§| 7-8. The
output of the window comparator for a given channel is indicated by the respective WIN-CMP-X bit in the CMP-
STATUS register. The comparator output (WIN-CMP-X) can be latched by writing 1 to the WIN-LATCH-EN bit in
the COMMON-CONFIG register. After being latched, the comparator output can be reset using the
corresponding RST-CMP-FLAG-X bit in the COMMON-DAC-TRIG register. For the reset to take effect, the input
must be within the window bounds.

DAC-X-MARGIN-HIGH

FBx/AINx

DAC-X-MARGIN-LOW

WIN-CMP-X
WIN-LATCH-EN =0

WIN-CMP-X |
WIN-LATCH-EN =1
RST-CMP-FLAG-X

& 7-8. Window Comparator Operation

A single comparator is used per channel to check both the margin-high and margin-low limits of the window.
Therefore, the window comparator function has a finite response time as specified in the Electrical
Characteristics: Comparator Mode section. Also, the static behavior of the WIN-CMP-X bit is not reflected at the
output pins. Set the CMP-X-OUT-EN bit to 0. The WIN-CMP-X bit must be read digitally using the
communication interface. This bit can also be mapped to the GPIO pin, as shown in & 7-19.

L
* The value of the DAC-X-MARGIN-HIGH register must be greater than that of the DAC-X-MARGIN-
LOW register.
* Set the SLEW-RATE-X bit to 0000b (no-slew) and LOG-SLEW-EN-X bit to Ob in the DAC-X-FUNC-
CONFIG register to get the best response time from the window comparator.

* The CMP-X-OUT-EN bit in the DAC-X-VOUT-CMP-CONFIG register can be set to Ob to eliminate
undesired toggling of the OUT pin.

7.4.4 MR AER

DACx3004W #$ it 7 —1izhie , nI7E FAULT-DUMP {7 fir /& IF S5 B B 21 4 5 % i (1) GPIO (iR 7-18 Flon ) Bl
SIS ERNAREE NVM . WIS RSk b 35 A B, AT T 3w e b fih 2 2 B I 284k 86 2R
GUIRES , DMEE NS R A G TIE W, s i it R R ZF 788N

+ CMP-STATUS[7:0]

+ DAC-0-DATA[15:8]

+ DAC-1-DATA[15:8]

+ DAC-2-DATA[15:8]

+ DAC-3-DATA[15:8]

#E
TE MR A BR300 v B AR AT SE e e R I A 45 R . TR OR ELG38 A DAC AURSAE NVM 5N i A 3
[ PR EFASE
K 7-3 Bon T NVM 3 £7 88 A s 2.
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R 7-3. R NVM R
NVM 47 B31-B24 B23-B16 ‘ B15-B8 ‘ B7-B0

71 CMP-STATUS[7:0] ENGETS
2 DAC-0-DATA[15:8] DAC-1-DATA[15:8] ‘ DAC-2-DATA[15:8] ‘ DAC-3-DATA[15:8]

A e i S5 7E NVML HR 3R PR 500 T 420k v P B2 L

1. ¥ COMMON-CONFIG 27 % #%1[1] EE-READ-ADDR 7% & 4 0b , LLik#: NVM 4T 1.

2. @i COMMON-TRIGGER %7 {745/ ) READ-ONE-TRIG B A 1 kfil & frie NVM 1T EL ; %472 A 3
FAL. BEERAE 2B s Mk 52 1 NVM 4T & 1 %] SRAM Hihl: 0x9D ( LSB 16 £k NVM ) Fl 0x9E ( MSB 16
Rk E NVM ) o

3. E{LE SRAM #dE | T IE DL D IRRAE
a. ¥ 0x009D 5 A\ SRAM-CONFIG %175 .

b. M SRAM-DATA 754725 e s L3k LSB 16 fif.
c. ¥ Ox009E 5 A\ SRAM-CONFIG %17 8%.
d. PR SRAM-DATA ZF {725 s iU s L3RS MSB i .
4. ¥ COMMON-CONFIG % {7 s ) EE-READ-ADDR fi7i% % /4y 1b , LLik#E NVM K47 2. EE LR 2 A1 3,

7.4.5 N 4 e
ATVEAAN T DACX3004W HHAHE 1) AN N 4 5 Th g
7.4.5.1 HEHERE T

R A4S m AT 1 /2 DACX3004W [ —Fh FZEN H o AT E T 0T TSN BEARThRE | Blins S #%
¥F . PROTECT i A f1 PMBus #7514 .

7.4.51.1 SfEHis A PROTECT #iA

2 VDD XM, iy DAC i s iE AR ORFF i BHPTIRES ( miFHaS ) o B 7-9 o 1 8 L H A & 39 B v A 1
DACx3004W FfaifL B . SR BXHLBH & Rg £ H RS AU T R 1, EAE i dfide Ao R Tk iy, JLP P
LN S S B ER ARG AAE < 1.25V BRBHE L. T Veg < 1.25V, % i R4 (R IR FRLA o
U, XTI SR, 25 DAC 1) VDD fE B AR BRI 35 52 b ab T oK I, DAC fanth S bR AS . bR
FEVFHR: DACX3004W JE2 5L B R4t |, 1JE T A DAC BEATHSM ) AR Fr4% il o

Vres Vin

Linear
Regulator
or
DC/DC
Converter

PROTECT —

& 7-9. BB ( ®EZ ) #HA PROTECT A

DAC B 7E 3 B W7 e 2 B A o At P DAE 5 B B U e 4 o s e M A s 28 XU AT PR A E A X 2 18 T A4 KD
I . SEIHRERT S DAC PR e AT FL I AN SN ELIA/ LU A 40 2 B 1R A s 5% 11 SR B 1

DACx3004W 1] GPIO 5| i it & 5 PROTECT IhfE , @ik 7-18 fiox. PROTECT i #% #: 5% B £ 4 #ufs DAC
Fr AN AT TR S o AEMRAAAE (WIRIE )  F ARG 5 E SR DAC i IE B e SCIR ST A KAk
HBM ARG R, bR ARE A . KB i F4E AT DL B B O PROTECT % A1 GPIO 51jl. PROTECT I
fE T LLAE ] COMMON-TRIGGER #7743 # (1 PROTECT {7 Kfit % . PROTECT Zfk (147~ wl LA{# Fl DEVICE-
MODE-CONFIG % {24 PROTECT-CONFIG FE & |, & 7-4 fis.
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#E
« {£ PROTECT Mifigfil k) , fsH10 LS NIIRE W2, HRZIhRE7E .
« 4 PROTECT Ihfigfil & , CMP-STATUS %7748t ) PROTECT-FLAG i & ¥ B N 1. %A LA
JEIL B CMP-STATUS 2 /288 k48 ). ¢ PROTECT Zhfit 58 , CMP-STATUS %747 2% L i
B fir 42 PROTECT-FLAG £ & {7 .

% 7-4. PROTECT HRsRcE

PROTECT-CONFIG F5 ke
00 DI B R R () .
01 PIHe FIAFAETE NVM ) DAC ARG ( e84 ) |, ARG V)30 3 m BHAS W7 i =
10 AR FEARARED | SR 5 D135 0 5 BELAS T e A 2
" AR E AR | SRS U3 S e BELAS T e

7.4.5.1.2 Programmable Slew-Rate Control

When the DAC data registers are written, the voltage on DAC output (Voyt) immediately transitions to the new
code following the slew rate and settling time specified in the Electrical Characteristics.

The slew rate control feature allows the user to control the rate at which the output voltage (Voyt) changes.
When this feature is enabled (using the SLEW-RATE-X[3:0] bits), the DAC output changes from the current code
to the code in the DAC-X-MARGIN-HIGH or DAC-X-MARGIN-LOW registers (when margin high or low
commands are issued to the DAC) using the step size and time-period per step set in CODE-STEP-X and
SLEW-RATE-X bits in the DAC-X-FUNC-CONFIG register:

* SLEW-RATE-X defines the time-period per step at which the digital slew updates.

* CODE-STEP-X defines the number of LSBs by which the output value changes at each update, for the
corresponding channels.

& 7-5 and % 7-6 show different settings available for CODE-STEP-X and SLEW-RATE-X. With the default slew
rate control setting of no-slew, the output changes immediately at a rate limited by the output drive circuitry and
the attached load.

When the slew rate control feature is used, the output changes happen at the programmed slew rate. This
configuration results in a staircase formation at the output as shown in |5/ 7-10. Do not write to CODE-STEP-X,
SLEW-RATE-X, or DAC-X-DATA during the output slew operation. J7 £z 6 provides the equation for the
calculating the slew time (ts ew)-

38 Submit Document Feedback Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: DAC53004W DAC63004W
English Data Sheet: SLASF72


https://www.ti.com.cn/product/cn/dac53004w?qgpn=dac53004w
https://www.ti.com.cn/product/cn/dac63004w?qgpn=dac63004w
https://www.ti.com.cn/cn/lit/pdf/ZHCSRX2
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSRX2&partnum=DAC53004W
https://www.ti.com.cn/product/cn/dac53004w?qgpn=dac53004w
https://www.ti.com.cn/product/cn/dac63004w?qgpn=dac63004w
https://www.ti.com/lit/pdf/SLASF72

13 TEXAS
INSTRUMENTS

www.ti.com.cn

DAC53004W, DAC63004W

ZHCSRX2 - MARCH 2023

tsigw = SLEW_RATE X CEILING(

where:

_I_“J—

CODE-STEP
MARGIN-LOW a)

>

TIME PERIOD

tsLew L

MARGIN-HIGH

K 7-10. Programmable Slew-Rate Control

MARGIN_HIGH — MARGIN_LOW

CODE_STEP

+1)

+ SLEW_RATE is the SLEW-RATE-X setting as specified in % 7-6.
* CODE_STEP is the CODE-STEP-X setting as specified in 3 7-5.
* MARGIN_HIGH is the decimal value of the DAC-X-MAGIN-HIGH bits specified in the DAC-X-MARGIN-HIGH

register.

* MARGIN_LOW is the decimal value of the DAC-X-MAGIN-LOW bits specified in the DAC-X-MARGIN-LOW

register.

% 7-5. Code Step

(6)

REGISTER

CODE-STEP-X[2]

CODE-STEP-X[1]

CODE-STEP-X[0]

CODE STEP SIZE

DAC-X-FUNC-CONFIG

0

0

0

1 LSB (default)

2LSB

3LSB

4LSB

6 LSB

8LSB

16 LSB

aAalalalalolo| o

ala|lo|lo| a]a]| o

alo|la|lo]l o] -~

32LSB

#* 7-6. Slew Rate

REGISTER

SLEW-RATE-X[3]

SLEW-RATE-X[2]

SLEW-RATE-X[1]

SLEW-RATE-X[0]

TIME PERIOD
(PER STEP)

DAC-X-FUNC-CONFIG

No slew (default)

4 us

8 us

12 ps

18 us

27.04 s

40.48 ps

60.72 us

91.12 us

136.72 us

239.2 s

418.64 ps

732.56 ps

1282 ps

2563.96 ps

0
0
0
0
0
0
0
0
1
1
1
1
1
1
1
1

aAla|lala|lo|lo|lo|lo| Al a|la|la|lo|lo|lo| o

Al a|lo|lo|—m|l~|lo|lo|m| ||| 2|~ O

=1 O =|O| =2 |O|=2|O|—=2|O|=_|O|—~|0O|—~|O

5127.92 us

Copyright © 2023 Texas Instruments Incorporated

Submit Document Feedback

Product Folder Links: DAC53004W DAC63004W

39

English Data Sheet: SLASF72


https://www.ti.com.cn
https://www.ti.com.cn/product/cn/dac53004w?qgpn=dac53004w
https://www.ti.com.cn/product/cn/dac63004w?qgpn=dac63004w
https://www.ti.com.cn/cn/lit/pdf/ZHCSRX2
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSRX2&partnum=DAC53004W
https://www.ti.com.cn/product/cn/dac53004w?qgpn=dac53004w
https://www.ti.com.cn/product/cn/dac63004w?qgpn=dac63004w
https://www.ti.com/lit/pdf/SLASF72

13 TEXAS
DAC53004W, DAC63004W INSTRUMENTS
ZHCSRX2 - MARCH 2023 www.ti.com.cn

7.4.5.1.3 PMBus Compatibility Mode

The PMBus protocol is an 12C-based communication standard for power-supply management. PMBus contains
standard command codes tailored to power supply applications. The DACx3004W implement some PMBus
commands such as Turn Off, Turn On, Margin Low, Margin High, Communication Failure Alert Bit (CML), as well
as PMBUS revision. ¥ 7-11 shows typical PMBus connections. The EN-PMBUS bit in the INTERFACE-CONFIG
register must be set to 1 to enable the PMBus protocol.

PMBus-compatible device #1
ALERT
»| CONTROL
]
»| DATA @
x
CLOCK o g
B3 <
Alert si | . )
e ert signa ALERT PMBus-compatible device #2
3 % Control signal
I = CONTROL
g1 5 Data »
2 O le »| DATA @
>~ 94 4
® @ | Clock CLOCK o =
B3 <
Optional
Required
ALERT PMBus-compatible device #3
»| CONTROL
7]
» DATA @
x
»| CLOCK o 8
B3 <
& 7-11. PMBus Connections
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Similar to 12C, PMBus is a variable length packet of 8-bit data bytes, each with a receiver acknowledge, wrapped
between a start and stop bit. The first byte is always a 7-bit target address followed by a write bit, sometimes
called the even address that identifies the intended receiver of the packet. The second byte is an 8-bit command
byte, identifying the PMBus command being transmitted using the respective command code. After the
command byte, the transmitter either sends data associated with the command to write to the receiver command
register (from least significant byte to most significant byte, as shown in & 7-7), or sends a new start bit
indicating the desire to read the data associated with the command register from the receiver. Then the receiver
transmits the data following the same least significant byte first format (see % 7-8).

#& 7-7. PMBus Update Sequence

mMSB \ \ LSB | ACK | MSB \ \ LSB | ACK | msB \ \ LSB | ACK | MSB \ \ LSB | ACK
Address (A) byte Command byte Data byte - MSDB
4 7.5.2.2.1 4575222 Data byte - LSDB (Optional)
DB [31:24] DB [23:16] DB [15:8] DB [7:0]
% 7-8. PMBus Read Sequence
S | MSB R&? ACK [ MSB |- | LSB | ACK |Sr| MSB |- R(’f ACK |MSB |- | LSB | ACK |MSB |- |LSB | ACK
ADDRESS BYTE COMMAND BYTE ADDRESS BYTE )
4 7.5.2.2.1 1 7.5.2.2.2 St 475224 LSDB MSDB (Optional)
From Controller Target | From Controller | Target From Controller Target From Target Controller From Target Controller

The DACx3004W I2C interface implements some of the PMBus commands. % 7-9 shows the supported PMBus
commands that are implemented in DACx3004W. The DAC uses DAC-X-MARGIN-LOW, DAC-X-MARGIN-HIGH
bits, SLEW-RATE-X, and CODE-STEP-X bits for PMBUS-OPERATION-CMD-X. To access multiple channels,
write the PMBus page address as specified in the Register Names table in the Register Map section to the
PMBUS-PAGE register first, followed by a write to the channel-specific register.

% 7-9. PMBus Operation Commands

REGISTER PMBUS-OPERATION-CMD-X[15:8] DESCRIPTION
00h Turn off
80h Turn on

PMBUS-OP-CMD-X
94h Margin low
Adh Margin high

The DACx3004W also implement PMBus features such as group command protocol and communication time-
out failure. The CML bit in the PMBUS-CML register indicates a communication fault in the PMBus. This bit is
reset by writing 1.

To get the PMBus version, read the PMBUS-VERSION register.
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7.4.5.2 FHLHE

DACxX3004W SZjit 1 45 B BB AE e . IX e AR ] DU RN EIE ML AL B =AU Ui M IE 52 .
7.4.5.2.1 Triangular Waveform Generation

Kl 7-12 shows that the triangular waveform uses the DAC-X-MARGIN-LOW (FUNCTION-MIN) and DAC-X-
MARGIN-HIGH (FUNCTION-MAX) registers for minimum and maximum levels, respectively. The frequency of
the waveform depends on the min and max levels, CODE-STEP and SLEW-RATE settings as shown in J5f£z{
7. An external RC load with a time-constant larger than the slew-rate settings can be dominant over the internal
frequency calculation. The CODE-STEP-X and SLEW-RATE-X settings are available in the DAC-X-FUNC-
CONFIG register. Writing 0b000 to the FUNC-CONFIG-X bit field in the DAC-X-FUNC-CONFIG register selects
triangular waveform.

1
fTRIANGLE = = (7)
2 X TIME_STEP x CEILING(F UNCTION _gIOAL;(E S%’;CT’ ON_MIN )

where:

* TIME_STEP is the SLEW-RATE-X setting as specified in 3 7-6.
* CODE_STEP is the CODE-STEP-X setting as specified in 3 7-5.
* FUNCTION_MAX is the decimal value of DAC-X-MAGIN-HIGH bits specified in the DAC-X-MARGIN-HIGH
register.
* FUNCTION_MIN is the decimal value of the DAC-X-MAGIN-LOW bits specified in the DAC-X-MARGIN-LOW
register.
FUNCTION-MAX »
TIME-STEP —»! 14—

v T

CODE-STEP

T ) T
i
——«— FUNCTION-MIN _I— -

& 7-12. Triangle Waveform

I 1

I L
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7.4.5.2.2 Sawtooth Waveform Generation

7-13 shows the sawtooth and the inverse sawtooth waveforms use the DAC-X-MARGIN-LOW (FUNCTION-
MIN) and DAC-X-MARGIN-HIGH (FUNCTION-MAX) registers for minimum and maximum levels, respectively.
The frequency of the waveform depends on the min and max levels, CODE-STEP and SLEW-RATE settings as
shown in 573 8. An external RC load with a time constant larger than the slew-rate settings can be dominant
over the internal frequency calculation. The CODE-STEP-X and SLEW-RATE-X settings are available in the
DAC-X-FUNC-CONFIG register. Write 0b001 to the FUNC-CONFIG-X bit field in the DAC-X-FUNC-CONFIG
register to select sawtooth waveform, and write O0b010 to select inverse sawtooth waveform.

1
fsawrootn = = (8)
TIME_STEP x CEILING(F UNCTION —IC"IOAgE S%’ZCTI ON_MIN 1)

where:

* TIME_STEP is the SLEW-RATE-X setting as specified in 3 7-6.
+ CODE_STEP is the CODE-STEP-X setting as specified in 3 7-5.

* FUNCTION_MAX is the decimal value of the DAC-X-MAGIN-HIGH bits specified in the DAC-X-MARGIN-
HIGH register.

* FUNCTION_MIN is the decimal value of the DAC-X-MAGIN-LOW bits specified in the DAC-X-MARGIN-LOW.

FUNCTION-MAX —»,
TIME-STEP —P: l—

T

|
CODE-STEP

i
t

—<«— FUNCTION-MIN —_—

& 7-13. Sawtooth Waveform

_F’J_
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7.4.5.2.3 Sine Waveform Generation

The sine wave function uses 24 preprogrammed points per cycle. The frequency of the sine wave depends on
the SLEW-RATE settings as shown in J7 f£=\ 9:

_ 1
fSINE_WAVE = 24 % SLEW RATE ®

where SLEW_RATE is the SLEW-RATE-X setting as specified in 3 7-6.

An external RC load with a time constant larger than the slew-rate settings can be dominant over the internal
frequency calculation. The SLEW-RATE-X setting is available in the DAC-X-FUNC-CONFIG register. Writing
0b100 to the FUNC-CONFIG-X bit field in the DAC-X-FUNC-CONFIG register selects sine wave. The codes for
the sine wave are fixed. Use the gain settings at the output amplifier for changing the full-scale output using the
internal reference option. The gain settings are accessible through the VOUT-GAIN-X bits in the DAC-X-VOUT-
CMP-CONFIG register. & 7-10 shows the list of hard-coded discrete points for the sine wave with 12-bit
resolution and & 7-14 shows the pictorial representation of the sine wave. There are four phase settings
available for the sine wave that are selected using the PHASE-SEL-X bit in the DAC-X-FUNC-CONFIG register.

2 7-10. Sine Wave Data Points

SEQUENCE 12-BIT VALUE SEQUENCE 12-BIT VALUE
0 (0° phase start) 0x800 12 0x800
1 0x9A8 13 0x658
2 0xB33 14 0x4CD
3 0xC87 15 0x379
4 0xD8B 16 (240° phase start) 0x275
5 OxE2F 17 0x1D1
6 (90° phase start) 0xE66 18 0x19A
7 OxE2F 19 0x1D1
8 (120° phase start) 0xD8B 20 0x275
9 0xC87 21 0x379
10 0xB33 22 0x4CD
1 0x9A8 23 0x658

«— TIME PERIOD

& 7-14. Sine Wave Generation

44 Submit Document Feedback Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: DAC53004W DAC63004W
English Data Sheet: SLASF72


https://www.ti.com.cn/product/cn/dac53004w?qgpn=dac53004w
https://www.ti.com.cn/product/cn/dac63004w?qgpn=dac63004w
https://www.ti.com.cn/cn/lit/pdf/ZHCSRX2
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSRX2&partnum=DAC53004W
https://www.ti.com.cn/product/cn/dac53004w?qgpn=dac53004w
https://www.ti.com.cn/product/cn/dac63004w?qgpn=dac63004w
https://www.ti.com/lit/pdf/SLASF72

13 TEXAS

INSTRUMENTS DAC53004W, DAC63004W
www.ti.com.cn ZHCSRX2 - MARCH 2023
7.4.6 B-E A ABRE
KAEVEAAN 4T DACX3004W 1 B £ (POR). Bk 53 A7 DA K HoAth 2 7 A0 g b A B 1y g
7.4.6.1 _LH £ (POR)

DACx3004W #4234 L E A (POR) Ihie , AlfENHm A EH k. 7285 Vpp BIRGE , S K H
POR HH1f. POR T3 - 17 s WIUA L N ERIME , RA7E POR ( J83h ) @WiR2 5 , S8 EE4A6%. —A
K POR it , DACx3004W H1FiT A5 75 47 a5 B BR B K 37 R NVM iz

ZAHT IR, POR R S B BRI . POR FLER 5 BRFE 1) Vpp F°F (W18l 7-15 PR ) A sedfifr A
LA AR AR N L S B AL, N TR E POR |, Vpp /NT 0.7V IR A6 5 %28 1ms. 4 Vpp FEA
T 1.85V Em T 0.7V (s NoRE XX ) I, ST 18 € R MBI TR BT R AR E
fr. FEXFMENT , FH3) POR. 34 Vpp fREFN AT 1.65V i, Aok A4 POR.

Voo (V)

55V

Specified supply
voltage range

1.71V - —=
1.65V
Undefined
0.7V
Power-on reset
oV

B 7-15. Vpp POR H. 3% i 5 {8 3. °F
7.4.6.2 External Reset

An external reset to the device can be triggered through the GPIO pin or through the register map. To initiate a
device software reset event, write the reserved code 1010b to the RESET field in the COMMON-TRIGGER
register. A software reset initiates a POR event. The GPIO pin can be configured as a RESET pin as shown in %
7-18. This configuration must be programmed into the NVM so that the setting is not cleared after the device
reset. The RESET input must be a low pulse. The device starts the boot-up sequence after the falling edge of
the RESET input. The rising edge of the RESET input does not have any effect.

7.4.6.3 Register-Map Lock

The DACx3004W implement a register-map lock feature that prevents an accidental or unintended write to the
DAC registers. The device locks all the registers when the DEV-LOCK bit in the COMMON-CONFIG register is
set to 1. However, the software reset function through the COMMON-TRIGGER register is not blocked when
using I2C interface. To bypass the DEV-LOCK setting, write 0101b to the DEV-UNLOCK bits in the COMMON-
TRIGGER register.

7.4.6.4 NVM 7525 T 12% (CRC)

DACx3004W Jy NVM SCji 5 35 TL AR K25 (CRC) Thfig , LABIRAF i A2 NVM o (K 5L A4tk . DACX3004W
SEHL T MRS CRC A
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* NVM-CRC-FAIL-USER
* NVM-CRC-FAIL-INT

NVM-CRC-FAIL-USER £z 457~ I /' Al 4 i NVM A2 (PIRZS |, T NVM-CRC-FAIL-INT £z 75 W& NVM 2R -
CRC IThfgilid /£ & AT NVM F2JFH1E (5 NBUCER N ) B L RIESR 1B sh iR |, 744 16 7 CRC
(CRC-16-CCITT) LK NVM £k szl #efF 2 NVM 088 5118 FH 7764 1) CRC SRIGIEEE . CRC 4
( GENERAL-STATUS %717 %% # ) NVM-CRC-FAIL-USER 1 NVM-CRC-FAIL-INT ) # %5 M 28 4F NVM 2B 5
JE AR R SREAAAE BB R E

7.4.6.4.1 NVM-CRC-FAIL-USER i

NVM-CRC-FAIL-USER 7 ~NiZ 48 1 £ /2 ol 9w fe i) NVM _E30dE 4k . EXMis LT |, DAC I A 178
#o ) B ER TR, I BATT DAC ZF728 4080 LS NS, BB EAM N 0, HREHMRE
L (TS 77 7.4.6.2 ) 2506 DAC PATIEIIE L. AR A S AT 76 P18 FL A1 2 BTN A 7 AT ga F2 1 NVM
fro WFSBEIRAFZLE | T EH NVM BT 40 FE.

7.4.6.4.2 NVM-CRC-FAIL-INT 7

NVM-CRC-FAIL-INT 7 4iZ 48 1 R3S NVM i 23Rk, EiXFE T , DAC HHITE FAsala A
BAE AT VI | 3 HAT] DAC Z17 8880 ) LAE NEREEE . 76 R AL IR fe s, | SR E 868 0, R
BUEAL (S 7 7.4.6.2) iAot DAC $UTTEHRIEH . NVM H K A a2 S8 s 4 Tk A .

46 Submit Document Feedback Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: DAC53004W DAC63004W
English Data Sheet: SLASF72


https://www.ti.com.cn/product/cn/dac53004w?qgpn=dac53004w
https://www.ti.com.cn/product/cn/dac63004w?qgpn=dac63004w
https://www.ti.com.cn/cn/lit/pdf/ZHCSRX2
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSRX2&partnum=DAC53004W
https://www.ti.com.cn/product/cn/dac53004w?qgpn=dac53004w
https://www.ti.com.cn/product/cn/dac63004w?qgpn=dac63004w
https://www.ti.com/lit/pdf/SLASF72

13 TEXAS

INSTRUMENTS

www.ti.com.cn

DAC53004W, DAC63004W
ZHCSRX2 - MARCH 2023

7.4.7 Power-Down Mode

The DACx3004W output amplifier and internal reference can be independently powered down through the EN-
INT-REF, VOUT-PDN-X, and IOUT-PDN-X bits in the COMMON-CONFIG register, as shown in [¥] 7-2. At power
up, the DAC output and the internal reference are disabled by default. In power-down mode, the DAC outputs
(OUTx pins) are in a high-impedance state. To change this state to 10 kQ-AGND or 100 kQ-AGND in the
voltage-output mode (at power up), use the VOUT-PDN-X bits. The power-down state for current-output mode is
always high-impedance.

The DAC power-up state can be programmed to any state (power-down or normal mode) using the NVM. &
7-11 shows the DAC power-down bits. The individual channel power-down bits or the global device power-down

function can be mapped to the GPIO pin using the GPIO-CONFIG register.
% 7-11. DAC Power-Down Bits

REGISTER

VOUT-PDN-X[1]

VOUT-PDN-X[0]

IOUT-PDN-X

DESCRIPTION

COMMON-CONFIG

0

0

1

Power up VOUT-X.

0

1

1

Power down VOUT-X with 10 kQ to AGND.
Power down IOUT-X to Hi-Z.

Power down VOUT-X with 100 kQ2 to AGND.
Power down IOUT-X to Hi-Z.

Power down VOUT-X to Hi-Z.
Power down IOUT-X to Hi-Z (default).

Power down VOUT-X to Hi-Z.
Power up IOUT-X.
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7.5 ffE

DACx3004W &1t 3 28 SPI 8% 2 28 12C 4% 1374 FE. 4 28 SPI @ GPIO 5| Mg SDO kB H. SPI
[ AE ) SCLK K T-hruE SPI 5 NERME . 42 1 2R AR PR 2845 0 fL 5 A 5 — Nl Ph BORH E » (ERf 8 42 1 2R 7Y
JG , RS TERRAETT i MG A AT ] B 2. 32 1 287 AT DASE N FE B AR S B

7.5.1 SPI ZmfEiEst,

B SYNC 5| jE FALHSF |, 7T LLE ) DACX3004W [£) SPI i ja) & . A7 4 SCLK A US4 SE I 4 alik
WA AP, SDI HdEfE SCLK T I&VE F4&%i. DACx3004W [ SPI Wi &N 24 fir. Fit , SYNC 5| A Fiff 7%
HF /b 24 /> SCLK R . 29 SYNC 51 BIERE B A7 e B PR, o7 i) B s R an S in) i B (R i ek i
WNTECMA , WEEEH 20, BRAER R , SDO 5IIAREH ( =% SP1) . fE=%k SPI #:UF , S A
A I A s K T e/ ME, NI SRAEAAE R AT 24 £7. 24 SYNC A H T, SCLK il SDI {5 524 FH1E | [A]
i SDO A8 A FHAS | PAFC VR M 2R b3 RE i oAt B4 (Bl 52 2504

® 712 FE 7-16 N T 24 £ SPI Ui AR . SDI S — DT WIS . 184 A IS SRR iR
NS i A DL B YT I 7 Atbdk . A RS 16 AR O A .

# 7-12. SPI /55 15 A#A

fir B LA
23 RIW FE A RRICA AL AT SR IO TR0 S 4+ RAW = O BEEL'S A, RAW = 1 BB UM
22-16 A6:0] ST BB < S S N SR B 1 (7
15-0 DI[15:0] YRR - WIS A G S, B IR S A AS:0] I, R4,
S I T 4
SYNC
1 8 9 24 1 8 9 24

> [ L] I i R — L

4———— Write command

v

< Any command

A\

SDI D23 D16 D15 DO D23 D16 D15 DO

Hiz Hiz Write command echo ———— Hiz

SDO —— — D23 D16 D15 DO (—

& 7-16. SPI B\ JEH#A
BRI B EE R il W B INTERFACE-CONFIG & 748 Y SDO-EN 72k 5 F SDO 5|/, Jbiic BFx vk
SPI, A & B & U7 W B Bk A 3. a2 )E , AUk BB N ) A AR SREUE SR s . 3R
7-13 FIE 7-17 S5 T HaEks . I FSDO £ , ¥ i@id SDO 3| BI7E SCLK [ F Myt at byt |
K 6-3 fis.

% 7-13. SDO % i35 =) & 3

(A FB k]
23 R/W K V7 R [E RAW
22-16 A[6:0] K B by 1) J& S [ 5 75 A7 s
15-0 DI[15:0] b il JE B R R SR T [ SR A
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- ] B
1 8 9 24 1 8 9 24
4—— Read command > < Any command >
SDI D23 D16 D15 Do D23 D16 D15 Do
Hiz Hiz <4— ReadData —» Hiz
SDO — — D23 D16 D15 D0 —

& 7-17. SPI LBV

HALFE A E s SDO S H « fERAEFERT |, 28R A #220% R |, Hh—A481F 1 SDO 5 JiiE iz 2
DU #8441 SDI 51, Wil 7-18 Frax. SPI MRS EEH 25— as 41 SDI 5| il #E b5 — 48 fF 1) SDO 5l
iR 2] SPI MUK POCI 51, 7EPUZk SPI#UF , an vl A& 24 ANEFehib i iR 50, WEE R i 28—
A EAUE FBE 24 AN G0 U7 i) B A A R ah i A 2 24 AR5, B F 2 2% SPI $di . K 7-19
BT 515 S N s g R,

VIO

VIO VIO
c B A
ReuLL ReuL-
TI SPI Device PuLLuP TI SPI Device pLLeP TI SPI Device
——»{ |spI SDO SDI Sbo SDI SDO
— |scLk — |scLk —{ | scLk
—>_|SYNC —>_|sYNC F[ SYNC

K| 7-18. SPI 3§ 1E s

% RPULL-UP

SYNC T
1 8 9 24 25 48 49 72
<4+—  Device A command <4——Device B command ————»4———Device C command ————»
SDI-C D23 D16 D15 DO D23 - D1 DO D23 - D1 DO
SDO-C

Device A command

Device B command

B 7-19. SPI 1S N\ A
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7.5.2 I12C Programming Mode

The DACx3004W devices have a 2-wire serial interface (SCL and SDA), and one address pin (A0), as shown in
the pin diagram in the Pin Configuration and Functions section. The 12C bus consists of a data line (SDA) and a
clock line (SCL) with pullup structures. When the bus is idle, both SDA and SCL lines are pulled high. All the 12C-
compatible devices connect to the I2C bus through the open drain 1/0 pins, SDA and SCL.

The I12C specification states that the device that controls communication is called a controller, and the devices
that are controlled by the controller are called targets. The controller generates the SCL signal. The controller
also generates special timing conditions (start condition, repeated start condition, and stop condition) on the bus
to indicate the start or stop of a data transfer. Device addressing is completed by the controller. The controller on
an 12C bus is typically a microcontroller or digital signal processor (DSP). The DACx3004W family operates as a
target on the I2C bus. A target acknowledges controller commands, and upon controller control, receives or
transmits data.

Typically, the DACx3004W family operates as a target receiver. A controller writes to the DACx3004W, a target
receiver. However, if a controller requires the DACx3004W internal register data, the DACx3004W operate as a
target transmitter. In this case, the controller reads from the DACx3004W. According to 12C terminology, read
and write refer to the controller.

The DACx3004W family supports the following data transfer modes:

* Standard mode (100Kbps)
* Fast mode (400Kbps)
* Fast mode plus (1.0Mbps)

The data transfer protocol for standard and fast modes is exactly the same; therefore, both modes are referred
to as F/S-mode in this document. The fast mode plus protocol is supported in terms of data transfer speed, but
not output current. The low-level output current is 3 mA; similar to the case of standard and fast modes. The
DACx3004W family supports 7-bit addressing. The 10-bit addressing mode is not supported. The device
supports the general call reset function. Sending the following sequence initiates a software reset within the
device: start or repeated start, 0x00, 0x06, stop. The reset is asserted within the device on the rising edge of the
ACK bit, following the second byte.

Other than specific timing signals, the 12C interface works with serial bytes. At the end of each byte, a ninth clock
cycle generates and detects an acknowledge signal. An acknowledge is when the SDA line is pulled low during
the high period of the ninth clock cycle. A not-acknowledge is when the SDA line is left high during the high
period of the ninth clock cycle, as shown in ¥ 7-20.

by transmitter |

XY

I
I
I
I
\
| ; Not acknowledge -
I
I
I
I

Data output |

Data output I

by receiver : Acknowledge e

I I
SCL from | | 1 2 8 9
controller

e e

LS|

Clock pulse for
Start acknowledgement
condition

& 7-20. Acknowledge and Not Acknowledge on the I2C Bus
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7.5.2.1 F/S B tH i

AN RRUH] 1 FIS BT e B 55

1.

2.

P A e AR S B AR R sh AL Ty . A B R XY SCL s B 75 SDA 28 R A Mo BIMIK 1 %
e, W 7-21 Fion. BT 5 12C MBI 23 E #4151 8 sh 464 .
Pt 26 J5 7242 SCL kot |, FH7E SDA 2k &% 7 Ar bk FIse B/ S N7 67 (RIW). 78T 14 iE | 42
R IREE S 2. BB SAFER SDA LR 1E I B ik b B3 = B P B R ER AR , Wl 7-22 Fos . BTl
PR R B b ) e Ak Rk | R I S AN P R E e Mk AT B . R B LS M bk i B bR gtk 742 i@ i
1255 9 A~ SCL AR B 5 M P IR hi Ik SDA 28R AE RN , Wil 7-20 Fiom. 43wl 2ok 0 2 LA AR
I3 7% 55 AR 03 {5 BB EL 7. B B
e E 2 SCL AW, LAME R Hbrgsf: Ri% ( RIW Ah 0 ) Fdekiizl (RIW Al 1) $idli. EFE—
MIBOLT |, BRI S AL AN R IE 2R RIE R EHE . R |, #i0E 5 o] i hl 285 B bRasi A5, BB g T
— T RUE . 9 A RBHE P 8 MNEHENLAT 1 ANERINL , TR YE FE EE gk,
AT G SHEREIE LM R |, EHSHEEE SCL 40T & H P A% SDA 2 M\ & B RR SR = A 5 1 2%
4 i 7-21 Fios. WEEEE RO 4 IE IR S ShER) H RS 2 A B SRR . T S 12C SEA 2SR
SPIMFE IR EIRENT IR E |, BRRURZ | NG T A HinasF SRR st |, B LR bk .

P |

| R

' \
|
|
|
|
|
|
|

T
ww\ SCN____—\__

P
_S L_" ] Wiy
Start Stop

condition condition Data line stable Change of data

Data valid allowed
B 7-21. 33 AME IR A B 7.22. % 12C J2% E AR IS
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7.5.2.2 I2C EF/F 5

X HYCE R, DACX3004W 75— NI &E. —NE UK 12C b7 5. — w51 DA NS =15
mE 7-14 A,
£ 714. BHFF

MSB \ \ LSB | ACK | MSB \ \ LSB | ACK | MSB \ \ LSB | ACK | MSB \ \ LSB | ACK
Hudik (A) F15 Lieaat) I .
45 7.5.2.2.1 4475222 Bl 77 - MSDB Hefii 57 - LSDB
DB [31:24] DB [23:16] DB [15:8] DB [7:0]

%@Uﬂ%\?*ﬁ)ﬁ , DACx3004W % #1381k 75 B AN B 4 ik v 1 s P 3 TR) G SDA 28R Bz, &l 7-23 Fir
o JX PUAS T AR IR R T SR B B A TR 1 36 NI AP R . — AN R 12C Hihk %k £ DACX3004W.

Acknowledgement |
signal from target |

Recognize Recognize
START or STOP or
REPEATED Generate ACKNOWLEDGE REPEATED
START signal START
condition condmon

I I |
I T I
I I I
I I I
SDA | T —_———
I
I

'47 Address 4)|<—R/W—)| | |

or
| srl | | | | P |
ACK

| | | | | ACK | |
Ll I I I L —a
START or REPEATED
REPEATED START or

START STOP
condition condition

& 7-23. 12C A&l

AR EFE DACX3004W 25 14 1) TAEMRT A o 5 75 38 I 9% 7 799 0 £ T 10 =X i 00 A7 B0 s
DACxX3004W &5 4 b 25 45 W P A 2098 7715 0 demn A3 R0CEHE 19 (MSDB) Ml (IR 2 #4575 (LSDB)
DACx3004W #8F7E LSDB Z 5 fiiAME 5 T FEATHAT 58T

i I PE R (B4 = 400kHz ) 1), ik DAC 531 KRy 10kSPS. i FlE g ( ET!EEF = 1MHz ) i},
B Kk DAC F#E R[4 25kSPS. 35 144145 , DACX3004W #3/4- KBl 12C 2k 54587 1) 2 sh 44«
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7.5.2.2.1 #ubl-3

Huhk 775 (W3R 7-15 FioR ) 7R sh & 2 Ja MIEH 28 23 HE e i i 28 — N 271 . sk Rg U Az (MSB) Hi Tl
A 1001b. HuhbrgHEE R R =47 A0 5] =], A0 5l % A n] LiEH: %] VDD. AGND. SCL 5t SDA. fERA
PRI — AN WG AO 5] AT SR AR e bk o %8s th S BiAE s bl 5] AL |, BRI AR AR 7-16 Wi N 1%

5 € ko

2= 7-15. Huhk=4
R mMSB LSB
— ADG AD5 AD4 AD3 AD2 AD1 \ ADO RIW
— i 1 0 0 1 (‘?‘@i gy;‘; 0 5 1
I it 1 0 0 0 1 \ 1 \ 1 0
£ 7-16. HuhbAg R
H Frhtik A0 5|
000 AGND
001 VDD
010 SDA
011 SCL

DACxX3004W ¢ R¢fifi FH T~ R bk ok [0 5 57 5 06 11 2 4~ DACX3004W #54. (f F) &bk | TEid bk 5] R4S
nfar , DACX3004W #R AT WA . AL AR ST 4k

7.5.2.2.2 Command Byte

The Register Names table in the Register Map section lists the command byte in the ADDRESS column.
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7.5.2.3 I2C BEH/F 5

B BUT(T SRR | AU LT fr A3

RIEFBHNEE G B A (EH BRI IR RIW A B N 0 LLITE N ) o %8 L.
I B AF A7 48 SR — D AT AR PR AL A

RIEBEE RS (A BRI RIW G738 N 1 DT ) o e bt 3iar

Zea s B N SB[ SRR MSDB £, $5 5 25 A T .

. WG, GEHEK S B E SR LSDB.

IR hEANBE ] T

N

£ 717, ZBFF)
RW RW
S | MSB | --- 0) ACK | MSB | --- | LSB ACK | Sr| MSB |--- ) ACK | MSB | --- | LSB ACK MSB | .-- | LSB ACK
Hobik Ay el Sr Hohik Ay
9175221 1575222 9175221

R A P8R Hiz oK A P 2% H b oK A P8R H iz KE HArgs 25 KE Hings 2 25

MSDB LSDB

7.5.3 BRI (GPIO) B

1) 12C 1 SPI , DACX3004W i Y Fr—ANAI7E NVM it B ORIR ML Z FhIhAE ) GPIO. 51 fo VFLEANME FH 4w FE
OIS LT 58 5 DAC % HH B A BOIRZS A7, AT SEIl AL H #8532 1T . 7£ GPIO-CONFIG %12 | [ GPI-
EN A2 N 1 LK GPIO 51 ¥ B AN , 8l GPO-EN fi25 A 1 LUK iZ 5| & E Akt . GPIO 5l Emegt 1
AR DIREAR B TIHE M IhRE. X THEE TEER RS , FHEH GPIO-CONFIG Z7f7#% 1) GPI-CH-SEL =ik
P, & 7-18 FIH T GPIO fE NI NI HINREIEDT , i £ 7-19 FIH T GPIO 1 N IThaeik . —uk
GP M NHRAETEZRAF I BN 5 ikt filk . BV LTHE |, #R1FS %17 GPI P IR HATHI G a4 . BTN RELE A AT L
B 0 s R aE S IR AS . BRIAE LT , GPIO 5] AW BT /E . 24 GPIO 5| RIS 2145 2 1 AN Th g
I, M R ThRe e 2A ), DATRE S R ISR S 45 . 24 FHME RESET #i AR |, GPIO 5] 1A 25 & 15K H~F A &k
Jik bR fuk e 2 AF BA o X ST RE R BT HAR PR ) # R T3 T GPIO 1fil & %%

&
KAF S, % GPIO 5] B4 & & s F el H . 24 GPIO 5] I FI/F RESET i , AU D & 4 2 3
NVM . B, Z3EE S TR B AL BE
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R 7-18. BB ThRELST
HR LBt 18 EiE GPIO A3/ HF hRe
Ca > DEEP-SLEEP #43%.
0000 e RN fid & R
T {E AR AR IR W VR P HEAR A X
U 1% FAULT-DUMP
0010 o TR fil &
ETHE WA R
I IOUT M
0011 fichit GPI-CH-SEL Fife T
EHE IOUT Jinte,
— VOUT . #i4% VOUT-PDN-X 1%
0100 f&#2 GPI-CH-SEL #iif B ORI
b VOUT e,
B ; PROTECT s
0101 P RS fi & 6
LT pegsp-al
e 1% CLR kg
0111 e T RENS fih & ) e
ETHA B R
&4 GPI-CH-SEL #rif. 40 FRERY fiiz LDAC LhfE
GPIO-CONFIG GPI-CONFIG 1000 REANEIERE SYNC- i : ;
CONFIG-X #l GPI-CH-SEL. LI BATR
e 5 1L B M
1001 ficit GPI-CH-SEL #if TR PR
LT T R B R
52 L 73
1010 | fkE GPI-CH-SEL it R L S i
LT il R AR FE
N fi % 234 RESET. RESET it & %41
1011 e IR g ) M o
LT BB R
)51»‘)1 3 NVM P FEL
1100 e TS O E TV
T FE 1 NVM Zfe
TR pWARCE )
1101 4o BRI 2777 2R B BN, (Rl 12C B¢
b SPI B A\ DEV-UNLOCK =Bl it
[2C 5 A\ RESET F B4t
HoAh ANiEH ANiEH ANiEH
£ 7-19. BA%H S (STATUS) ThEemsf
A DB & ThRE
0001 NVM-BUSY
0100 DAC-0-BUSY
0101 DAC-1-BUSY
0110 DAC-2-BUSY
0111 DAC-3-BUSY
GPIO-CONFIG GPO-CONFIG
1000 WIN-CMP-0
1001 WIN-CMP-1
1010 WIN-CMP-2
1011 WIN-CMP-3
s ATl
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7.6 Register Map

% 7-20. Register Map

REGISTER(™) )

MOST SIGNIFICANT DATA BYTE (MSDB)

LEAST SIGNIFICANT DATA BYTE (LSDB)

BIT15 l

BIT14

BIT13

BIT12

BIT11

BIT10 l BIT9

|

BIT8

BIT7 ‘ BIT6

BIT5 BIT4

BIT3 BIT2 BIT1

BITO

NOP

NOP

DAC-X-MARGIN-
HIGH

DAC-X-MARGIN-HIGH

X

DAC-X-MARGIN-
LowW

DAC-X-MARGIN-LOW

X

DAC-X-VOUT-
CMP-CONFIG

VOUT-GAIN-X

EN

CMP-X-OD-

CMP-X-
OUT-EN

CMP-X-HIZ-
IN-DIS

CMP-X-INV-
EN

CMP-X-EN

DAC-X-IOUT-MISC-
CONFIG

IOUT-X-RANGE

X

DAC-X-CMP-
MODE-CONFIG

CMP-X-MODE

DAC-X-FUNC-
CONFIG

CLR-SEL-X

SYNC-
CONFIG-X

BRD-
CONFIG-X

FUNC-GEN-CONFIG-BLOCK-X

DAC-X-DATA

DAC-X-DATA

X

COMMON-CONFIG

WIN-
LATCH-EN

DEV-LOCK

EE-READ-
ADDR

EN-INT-REF

VOUT-PDN-3

IOUT-PDN-3

VOUT-PDN-2

IOUT-PDN-2

VOUT-PDN-1

IOUT-PDN-1 VOUT-PDN-0

IOUT-PDN-0

COMMON-
TRIGGER

DEV-UNLOCK

RESET

LDAC

CLR

X FAULT-
DUMP

PROTECT | READ-ONE-

TRIG

NVM-PROG

NVM-
RELOAD

COMMON-DAC-
TRIG

RST-CMP-
FLAG-0

TRIG-MAR-
LO-0

TRIG-MAR-
HI-0

START-
FUNC-0

RST-CMP-
FLAG-1

TRIG-MAR-

LO-1 HI-1

TRIG-MAR-

START-
FUNC-1

RST-CMP-
FLAG-2

TRIG-MAR-
LO-2

TRIG-MAR-
HI-2

START-
FUNC-2

RST-CMP-
FLAG-3

TRIG-MAR-
LO-3

TRIG-MAR-
HI-3

START-
FUNC-3

GENERAL-STATUS

NVM-CRC-
FAIL-INT

NVM-CRC- X
FAIL-USER

DAC-
BUSY-3

DAC-
BUSY-2

DAC-
BUSY-1

DAC-
BUSY-0

NVM-BUSY

DEVICE-ID

CMP-STATUS

PROTECT-
FLAG

WIN-CMP-3

WIN-CMP-2

WIN-CMP-1

WIN-CMP-0

CMP- CMP-
FLAG-3 FLAG-2

CMP-
FLAG-1

CMP-
FLAG-0

GPIO-CONFIG

GF-EN

DEEP-
SLEEP-EN

GPO-EN

GPO-CONFIG

GPI-CH-SEL

GPI-CONFIG

GPI-EN

DEVICE-MODE-
CONFIG

RESERVED

DIS-MODE-
IN

RESERVED

PROTECT-CONFIG

RESERVED

X

INTERFACE-
CONFIG

TIMEOUT-
EN

EN-PMBUS

FSDO-EN X

SDO-EN

SRAM-CONFIG

SRAM-ADDR

SRAM-DATA

SRAM-DATA

DAC-X-DATA-8BIT

DAC-X-DATA-8BIT

BRDCAST-DATA

BRDCAST-DATA

PMBUS-PAGE

PMBUS-PAGE

NA

PMBUS-OP-CMD

PMBUS-OPERATION-CMD-X

NA

PMBUS-CML

CML

NA

PMBUS-VERSION

PMBUS-VERSON

NA

(1)
@)

The highlighted gray cells indicate the register bits or fields that are stored in the NVM.
X =Don't care.
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# 7-21. Register Names

I2C/SPI ADDRESS | PMBUS PAGE ADDR PMBUiSESISTER REGISTER NAME SECTION
00h FFh DOh NOP 1 7.6.1
01h 00h 25h DAC-0-MARGIN-HIGH 1 7.6.2
02h 00h 26h DAC-0-MARGIN-LOW 11 7.6.3
03h FFh D1h DAC-0-VOUT-CMP-CONFIG T 7.64
04h FFh D2h DAC-0-IOUT-MISC-CONFIG 1 7.65
05h FFh D3h DAC-0-CMP-MODE-CONFIG 117.6.6
06h FFh D4h DAC-0-FUNC-CONFIG 11 7.6.7
07h 01h 25h DAC-1-MARGIN-HIGH 117.6.2
08h 01h 26h DAC-1-MARGIN-LOW 117.6.3
09 FFh D5h DAC-1-VOUT-CMP-CONFIG 764
0Ah FFh D6h DAC-1-IOUT-MISC-CONFIG 11 7.6.5
0Bh FFh D7h DAC-1-CMP-MODE-CONFIG 1176.6
0Ch FFh D8h DAC-1-FUNC-CONFIG 11 7.6.7
0Dh 02h 25h DAC-2-MARGIN-HIGH T 7.6.2
OEh 02h 26h DAC-2-MARGIN-LOW 117.6.3
OFh FFh D%h DAC-2-VOUT-CMP-CONFIG 1764
10h FFh DAh DAC-2-IOUT-MISC-CONFIG 11 7.6.5
11h FFh DBh DAC-2-CMP-MODE-CONFIG T 7.6.6
12h FFh DCh DAC-2-FUNC-CONFIG 11 7.6.7
13h 03h 25h DAC-3-MARGIN-HIGH 117.6.2
14h 03h 26h DAC-3-MARGIN-LOW 117.6.3
15h FFh DDh DAC-3-VOUT-CMP-CONFIG W 7.6.4
16h FFh DEh DAC-3-IOUT-MISC-CONFIG 11 7.6.5
17h FFh DFh DAC-3-CMP-MODE-CONFIG 117.6.6
18h FFh EOh DAC-3-FUNC-CONFIG 11 7.6.7
19h 00h 21h DAC-0-DATA 1 7.6.8
1Ah 01h 21h DAC-1-DATA 1768
1Bh 02h 21h DAC-2-DATA 117.6.8
1Ch 03h 21h DAC-3-DATA 1768
1Fh FFh E3h COMMON-CONFIG 117.6.9
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3 7-21. Register Names (continued)

I2C/SPI ADDRESS | PMBUS PAGE ADDR PMBUSASESISTER REGISTER NAME SECTION
20h FFh E4h COMMON-TRIGGER T 7.6.10
21h FFh E5h COMMON-DAC-TRIG 11 7.6.11
22h FFh E6h GENERAL-STATUS 1 7.6.12
23h FFh E7h CMP-STATUS 1 7.6.13
24h FFh E8h GPIO-CONFIG 1 7.6.14
25h FFh ESh DEVICE-MODE-CONFIG 1 7.6.15
26h FFh EAh INTERFACE-CONFIG i 7.6.16
2Bh FFh EFh SRAM-CONFIG 7617
2Ch FFh Foh SRAM-DATA 497.6.18
40h NA NA DAC-0-DATA-8BIT T 7.6.19
41h NA NA DAC-1-DATA-8BIT 1 7.6.19
42h NA NA DAC-2-DATA-8BIT T 7.6.19
43h NA NA DAC-3-DATA-8BIT 417.6.19
50h FFh F1h BRDCAST-DATA T 7.6.20
NA All pages 00h PMBUS-PAGE 41 7.6.21
NA 00h 01h PMBIS-OP-CMD-0 5 7.6.22
NA 01h 01h PMBUS-OP-CMD-1 417.6.22
NA 02h 01h PMBUS-OP-CMD-2 T 7.6.22
NA 03h 01h PMBUS-OP-CMD-3 1 7.6.22
NA All pages 78h PMBUS-CML 1 7.6.23
NA All pages 98h PMBUS-VERSION 1 7.6.24

& 7-22. Access Type Codes
Access Type Code Description
X X Don't care
Read Type
R ‘ R ‘ Read
Write Type
W W |write
Reset or Default Value
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# 7-22. Access Type Codes (continued)

Access Type

Code

Description

-n

Value after reset or the default value
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7.6.1 NOP Register (address = 00h) [reset = 0000h]
PMBus page address = FFh, PMBus register address = DOh
& 7-24. NOP Register

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
NOP
R-Oh
3R 7-23. NOP Register Field Descriptions
Bit Field Type Reset Description
15-0 NOP R 0000h No operation
7.6.2 DAC-X-MARGIN-HIGH Register (address = 01h, 07h, 0Dh, 13h) [reset = 0000h]
PMBus page address = 00h, 01h, 02h, 03h, PMBus register address = 25h
B 7-25. DAC-X-MARGIN-HIGH Register (X =10, 1, 2, 3)
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
DAC-X-MARGIN-HIGH[11:0] X
DAC-X-MARGIN-HIGH[9:0]
R/W-000h X-0h

& 7-24. DAC-X-MARGIN-HIGH Register Field Descriptions

Bit Field Type Reset Description
15-4 DAC-X-MARGIN-HIGH[11:0] R/W 000h Margin-high code for DAC output
DAC-X-MARGIN-HIGH[9:0] Data are in straight-binary format. MSB left-aligned.

Use the following bit-alignment:
DAC63004W VOUT: {DAC-X-MARGIN-HIGH[11:0]}
DAC53004W VOUT: {DAC-X-MARGIN-HIGHI[9:0], X, X}
X = Don't care bits.

3-0 X X 0 Don't care

7.6.3 DAC-X-MARGIN-LOW Register (address = 02h, 08h, OEh, 14h) [reset = 0000h]
PMBus page address = 00h, 01h, 02h, 03h, PMBus register address = 26h
& 7-26. DAC-X-MARGIN-LOW Register (X =0, 1, 2, 3)

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
DAC-X-MARGIN-LOW[11:0] X
DAC-X-MARGIN-LOWI9:0]
R/W-000h X-0h

& 7-25. DAC-X-MARGIN-LOW Register Field Descriptions

Bit Field Type Reset Description
15-4 DAC-X-MARGIN-LOW[11:0] R/W 000h Margin-low code for DAC output
DAC-X-MARGIN-LOW[9:0] Data are in straight-binary format. MSB left-aligned.

Use the following bit-alignment:
DAC63004W VOUT: {DAC-X-MARGIN-LOW[11:0]}
DAC53004W VOUT: {DAC-X-MARGIN-LOW[9:0], X, X}
X = Don't care bits.

3-0 X X 0 Don't care
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7.6.4 DAC-X-VOUT-CMP-CONFIG Register (address = 03h, 09h, OFh, 15h) [reset = 0000h]
PMBus page address = FFh, PMBus register address = D1h, D5h, D9h, DDh

& 7-27. DAC-X-VOUT-CMP-CONFIG Register (X = 0, 1, 2, 3)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
VOUT-GAIN-X X CMP- | CMP- | CMP-X- | CMP- | CMP-
X-OD- [ X-OUT-| HIZ-IN- | X-INV- | X-EN
EN EN DIS EN
X-0h R/W-0h X-0h R/W-0h R/W-0h R/W-0h R/W-0h|R/W-0h
# 7-26. DAC-X-VOUT-CMP-CONFIG Register Field Descriptions
Bit Field Type Reset Description
15-13  |X X Oh Don't care
12-10 VOUT-GAIN-X R/W Oh 000: Gain = 1x, external reference on VREF pin
001: Gain = 1x, VDD as reference
010: Gain = 1.5x, internal reference
011: Gain = 2x, internal reference
100: Gain = 3x, internal reference
101: Gain = 4x, internal reference
Others: Invalid
9-5 X X Oh Don't care
4 CMP-X-OD-EN R/W 0 0: Set OUTx pin as push-pull
1: Set OUTx pin as open-drain in comparator mode (CMP-X-EN =
1 and CMP-X-OUT-EN = 1)
3 CMP-X-OUT-EN R/W 0 0: Generate comparator output but consume internally
1: Bring comparator output to the respective OUTx pin
2 CMP-X-HIZ-IN-DIS R/W 0 0: FBx input has high-impedance. Input voltage range is limited.
1: FBx input is connected to resistor divider and has finite
impedance. Input voltage range is same as full-scale.
1 CMP-X-INV-EN R/W 0 0: Don't invert the comparator output
1: Invert the comparator output
0 CMP-X-EN R/W 0 0: Disable comparator mode
1: Enable comparator mode. Current-output must be in power-
down. Voltage-output mode must be enabled.
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7.6.5 DAC-X-IOUT-MISC-CONFIG Register (address = 04h, 0Ah, 10h, 16h) [reset = 0000h]
PMBus page address = FFh, PMBus register address = D2h, D6h, DAh, DEh
K 7-28. DAC-X-IOUT-MISC-CONFIG Register (X=0, 1, 2, 3)

15 14 13 12 11 10 9 8 7 6 5 4 3 % 1 0
X ‘ IOUT-RANGE-X X
X-Oh R/W-Oh X-0h

2 7-27. DAC-X-IOUT-MISC-CONFIG Register Field Descriptions

Bit Field Type Reset Description
15-13  |X X Oh Don't care
12-9 IOUT-RANGE-X R/W 0000 0000: 0 nAt0o25 uA

0001: 0 rtAto50 A
0010: 0 rtAto 125 v A
0011: 0 rAto 250 v A
0100: 0 tAto-24 1A
0101: 0 tAto—48 v A
0110: 0 rAto—-120 1A
0111: 0 rAto—240 v A
1000: —25 nAto +25 LA
1001: =50 rAto+50 LA
1010: =125 pAto +125 v A
1011: =250 1 Ato +250 1 A
Others: Invalid

8-0 X X 000h Don't care

7.6.6 DAC-X-CMP-MODE-CONFIG Register (address = 05h, 0Bh, 11h, 17h) [reset = 0000h]
PMBus page address = FFh, PMBus register address = D3h, D7h, DBh, DFh
K 7-29. DAC-X-CMP-MODE-CONFIG Register (X =0, 1, 2, 3)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
X \ CMP-X-MODE X
X-0h R/W-0h X-0h

% 7-28. DAC-X-CMP-MODE-CONFIG Register Field Descriptions

Bit Field Type Reset Description
15-12 | X X 00h Don't care
11-10 |CMP-X-MODE R/W 00 00: No hysteresis or window function

01: Hysteresis provided using DAC-X-MARGIN-HIGH and DAC-
X-MARGIN-LOW registers

10: Window comparator mode with DAC-X-MARGIN-HIGH and
DAC-X-MARGIN-LOW registers setting window bounds

11: Invalid

9-0 X X 000h Don't care
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7.6.7 DAC-X-FUNC-CONFIG Register (address = 06h, 0Ch, 12h, 18h) [reset = 0000h]
PMBus page address = FFh, PMBus register address = D4h, D8h, DCh, EOh
& 7-30. DAC-X-FUNC-CONFIG Register (X =0, 1, 2, 3)

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
CLR-SEL-X| SYNC- BRD- FUNC-GEN-CONFIG-BLOCK
CONFIG-X | CONFIG-X
R/W-0h R/W-0h R/W-0h R/W-000h

3 7-29. DAC-X-FUNC-CONFIG Register Field Descriptions

Bit Field Type Reset Description

15 CLR-SEL-X R/W 0 0: Clear DAC-X to zero-scale
1: Clear DAC-X to mid-scale

14 SYNC-CONFIG-X R/W 0 0: DAC-X output updates immediately after a write command
1: DAC-X output updates with LDAC pin falling-edge or when the
LDAC bit in the COMMON-TRIGGER register is set to 1

13 BRD-CONFIG-X R/W 0 0: Don't update DAC-X with broadcast command

1: Update DAC-X with broadcast command

# 7-30. Linear-Slew Mode: FUNC-GEN-CONFIG-BLOCK Field Descriptions

Bit Field

Type

Reset

Description

12-11 PHASE-SEL-X

R/W

0

00: 0°
01:120°
10: 240°
11: 90°

10-8 FUNC-CONFIG-X

R/W

000: Triangular wave

001: Sawtooth wave

010: Inverse sawtooth wave
100: Sine wave

111: Disable function generation
Others: Invalid

7 LOG-SLEW-EN-X

R/W

0: Enable linear slew

6-4 CODE-STEP-X

R/wW

CODE-STEP for linear slew mode:
000: 1-LSB

001: 2-LSB

010: 3-LSB

011: 4-LSB

100: 6-LSB

101: 8-LSB

110: 16-LSB

111: 32-LSB

3-0 SLEW-RATE-X

R/wW

SLEW-RATE for linear slew mode:
0000: No slew for margin-high and margin-low. Invalid for
waveform generation.

0001: 4 us/step

0010: 8 us/step

0011: 12 us/step

0100: 18 us/step

0101: 27.04 us/step

0110: 40.48 ps/step

0111: 60.72 ps/step

1000: 91.12 ps/step

1001: 136.72 ps/step

1010: 239.2 ps/step

1011: 418.64 ps/step

1100: 732.56 ps/step

1101: 1282 us/step

1110: 2563.96 ps/step

1111: 5127.92 ps/step
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3 7-31. Logarithmic-Slew Mode: FUNC-GEN-CONFIG-BLOCK Field Descriptions

Bit

Field

Type

Reset

Description

12-11

PHASE-SEL-X

R/W

0

00: 0°
01:120°
10: 240°
11: 90°

10-8

FUNC-CONFIG-X

R/W

000: Triangular wave

001: Sawtooth wave

010: Inverse sawtooth wave
100: Sine wave

111: Disable function generation
Others: Invalid

LOG-SLEW-EN-X

R/W

1: Enable logarithmic slew.

In logarithmic slew mode, the DAC output moves from the DAC-
X-MARGIN-LOW code to the DAC-X-MARGIN-HIGH code, or
vice versa, in 3.125% steps.

When slewing in the positive direction, the next step is (1 +
0.03125) times the current step.

When slewing in the negative direction, the next step is (1 —
0.03125) times the current step.

When DAC-X-MARGIN-LOW is 0, the slew starts from code 1.
The time interval for each step is defined by RISE-SLEW-X and
FALL-SLEW-X.

RISE-SLEW-X

R/W

SLEW-RATE for logarithmic slew mode (DAC-X-MARGIN-LOW to
DAC-X-MARGIN-HIGH):

000: 4 ps/step

001: 12 us/step

010: 27.04 ps/step

011: 60.72 ys/step

100: 136.72 ps/step

101: 418.64 ps/step

110: 1282 ps/step

111: 5127.92 ps/step

3-1

FALL-SLEW-X

R/W

SLEW-RATE for logarithmic slew mode (DAC-X-MARGIN-HIGH
to DAC-X-MARGIN-LOW):

000: 4 ps/step

001: 12 us/step

010: 27.04 ps/step

011: 60.72 ys/step

100: 136.72 ps/step

101: 418.64 ps/step

110: 1282 ps/step

111: 5127.92 ps/step

Don't care
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7.6.8 DAC-X-DATA Register (address = 19h, 1Ah, 1Bh, 1Ch) [reset = 0000h]
PMBus page address = 00h, 01h, 02h, 03h, PMBus register address = 21h
K 7-31. DAC-X-DATA Register (X =0, 1, 2, 3)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DAC-X-DATA[11:0] X
DAC-X-DATA[9:0]
R/W-000h X-0h
3 7-32. DAC-X-DATA Register Field Descriptions
Bit Field Type Reset Description
15-4 DAC-X-DATA[11:0] R/W 000h Data for DAC output
DAC-X-DATA[9:0] Data are in straight-binary format. MSB left-aligned.
Use the following bit-alignment:
DAC63004W VOUT: {DAC-X-DATA[11:0]}
DAC53004W VOUT: {DAC-X-DATA[9:0], X, X}
X = Don't care bits.
3-0 X X Oh Don't care
7.6.9 COMMON-CONFIG Register (address = 1Fh) [reset = OFFFh]
PMBus page address = FFh, PMBus register address = E3h
& 7-32. COMMON-CONFIG Register
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
WIN- DEV- EE-READ- EN-INT- VOUT-PDN-3 IOUT- | VOUT-PDN-2 IOUT- | VOUT-PDN-1 I0UT- VOUT-PDN-0 I0UT-
LATCH- | LOCK ADDR REF PDN-3 PDN-2 PDN-1 PDN-0
EN
R/W-0h R/W-0h R/W-0h R/W-0h R/W-11b R/W-1b R/W-11b R/W-1b R/W-11b R/W-1b R/W-11b R/W-1b
& 7-33. COMMON-CONFIG Register Field Descriptions
Bit Field Type Reset Description
15 WIN-LATCH-EN R/W 0 0: Non-latching window-comparator output
1: Latching window-comparator output
14 DEV-LOCK R/W 0 0: Device not locked.
1: Device locked, the device locks all the registers. To set this bit
back to 0 (unlock device), write to the unlock code to the DEV-
UNLOCK field in the COMMON-TRIGGER register first, followed
by a write to the DEV-LOCK bit as 0.
13 EE-READ-ADDR R/W 0 0: Fault-dump read enable at address 0x00
1: Fault-dump read enable at address 0x01
12 EN-INT-REF R/wW 0 0: Disable internal reference.
1: Enable internal reference. This bit must be set before using
internal reference gain settings.
11-10, 8-7, | VOUT-PDN-X R/wW 1 00: Power-up VOUT-X
5-4,2-1 01: Power-down VOUT-X with 10 KQ to AGND
10: Power-down VOUT-X with 100 KQ to AGND
11: Power-down VOUT-X with Hi-Z to AGND
9,6,3,0 [IOUT-PDN-X R/W 1 0: Power-up IOUT-X
1: Power-down IOUT-X

Copyright © 2023 Texas Instruments Incorporated

Submit Document Feedback

Product Folder Links: DAC53004W DAC63004W

65

English Data Sheet: SLASF72


https://www.ti.com.cn
https://www.ti.com.cn/product/cn/dac53004w?qgpn=dac53004w
https://www.ti.com.cn/product/cn/dac63004w?qgpn=dac63004w
https://www.ti.com.cn/cn/lit/pdf/ZHCSRX2
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSRX2&partnum=DAC53004W
https://www.ti.com.cn/product/cn/dac53004w?qgpn=dac53004w
https://www.ti.com.cn/product/cn/dac63004w?qgpn=dac63004w
https://www.ti.com/lit/pdf/SLASF72

13 TEXAS
DAC53004W, DAC63004W INSTRUMENTS
ZHCSRX2 - MARCH 2023 www.ti.com.cn

7.6.10 COMMON-TRIGGER Register (address = 20h) [reset = 0000h]
PMBus page address = FFh, PMBus register address = E4h
& 7-33. COMMON-TRIGGER Register

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
DEV-UNLOCK RESET LDAC | CLR X FAULT-| PROTECT READ- NVM- NVM-
DUMP ONE- PROG | RELOAD
TRIG
R/W-0h R/W-0h R/W-0h R/W-Oh  X-Oh  R/W-0Oh R/W-0h R/W-0h  R/W-0h  R/W-0h

3 7-34. COMMON-TRIGGER Register Field Descriptions
Bit Field Type Reset Description

15-12 |DEV-UNLOCK R/W 0000 0101: Device unlocking password. To unlock device, write this
unlock password first, followed by a write 0 to the DEV-LOCK bit
in the COMMON-CONFIG register.

Others: Don't care

11-8 RESET W 0000 1010: POR reset triggered. This bit self-resets.
Others: Don't care
7 LDAC R/W 0 0: LDAC operation not triggered

1: LDAC operation triggered if the respective SYNC-CONFIG-X
bit in the DAC-X-FUNC-CONFIG register is 1. This bit self-resets.

6 CLR R/W 0 0: DAC registers and outputs unaffected

1: DAC registers and outputs set to zero-code or mid-code based
on the respective CLR-SEL-X bit in the DAC-X-FUNC-CONFIG
register. This bit self-resets.

X X 0 Don't care
FAULT-DUMP R/W 0: Fault-dump is not triggered
1: Triggers fault-dump sequence. This bit self-resets.
3 PROTECT R/W 0 0: PROTECT function not triggered
1: Trigger PROTECT function. This bit is self-resetting.
2 READ-ONE-TRIG R/W 0 0: Fault-dump read not triggered
1: Read one row of NVM for fault-dump. This bit self-resets.
1 NVM-PROG R/W 0 0: NVM write not triggered
1: NVM write triggered. This bit self-resets.
0 NVM-RELOAD R/W 0 0: NVM reload not triggered
1: Reload data from NVM to register map. This bit self-resets.
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7.6.11 COMMON-DAC-TRIG Register (address = 21h) [reset = 0000h]
PMBus page address = FFh, PMBus register address = E5h

& 7-34. COMMON-DAC-TRIG Register
15 14 13 12 11 10 9 8 7 6 5 4 8 2 1 0

RESET- | TRIG- TRIG- | START- |RESET-| TRIG- | TRIG- | START- |RESET-| TRIG- | TRIG- | START- | RESET-| TRIG- | TRIG- | START-
CMP- MAR- MAR- | FUNC-0 | CMP- | MAR- | MAR- |FUNC-1| CMP- | MAR- | MAR- |FUNC-2| CMP- | MAR- | MAR- |FUNC-3
FLAG-0 | LO-0 HI-0 FLAG-1| LO-1 HI-1 FLAG-2| LO-2 HI-2 FLAG-2| LO-3 HI-3

W-0h W-0h W-0h  R/W-Oh  W-Oh W-0h W-0h  R/W-0h  W-0Oh W-0h W-0h  R/W-0h  W-0Oh W-0h W-0h  R/W-0h

#& 7-35. COMMON-DAC-TRIG Register Field Descriptions

Bit Field Type Reset Description
15,11, 7, | RESET-CMP-FLAG-X W 0 0: Latching-comparator output unaffected
3 1: Reset latching-comparator and window-comparator output.
This bit self-resets.
14,10, 6, | TRIG-MAR-LO-X w 0 0: Don't care
2 1: Trigger margin-low command. This bit self-resets.
13,9, 5, 1 | TRIG-MAR-HI-X w 0 0: Don't care
1: Trigger margin-high command. This bit self-resets.
12, 8, 4, 0 | START-FUNC-X R/W 0 0: Stop function generation
1: Start function generation as per FUNC-GEN-CONFIG-X in the
DAC-X-FUNC-CONFIG register.
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7.6.12 GENERAL-STATUS Register (address = 22h) [reset = 00h, DEVICE-ID, VERSION-ID]
PMBus page address = FFh, PMBus register address = E6h

& 7-35. GENERAL-STATUS Register

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NVM- | NVM- X DAC-3- | DAC-2- | DAC-1- | DAC-0- X DEVICE-ID VERSION-ID
CRC- | CRC- BUSY | BUSY | BUSY | BUSY

FAIL-INT | FAIL-
USER
R-0Oh R-0h R-0h R-0h R-Oh R-0h R-0Oh X-0h R R-0Oh
# 7-36. GENERAL-STATUS Register Field Descriptions
Bit Field Type Reset Description
15 NVM-CRC-FAIL-INT R 0 0: No CRC error in OTP
1: Indicates a failure in OTP loading. A software
reset or power-cycle can bring the device out of
this condition in case of temporary failure.
14 NVM-CRC-FAIL-USER R 0 0: No CRC error in NVM loading
1: Indicates a failure in NVM loading. The register
settings are corrupted. The device allows all
operations during this error condition. Reprogram
the NVM to get original state. A software reset
brings the device out of this temporary error
condition.
13 X R 0 Don't care
12 DAC-3-BUSY R 0: DAC-3 channel can accept commands
1: DAC-3 channel does not accept commands
11 DAC-2-BUSY R 0 0: DAC-2 channel can accept commands
1: DAC-2 channel does not accept commands
10 DAC-1-BUSY R 0 0: DAC-1 channel can accept commands
1: DAC-1 channel does not accept commands
9 DAC-0-BUSY R 0 0: DAC-0 channel can accept commands
1: DAC-0 channel does not accept commands
8 X R 0 Don't care
7-2 DEVICE-ID R DAC53004W: 05h Device identifier
DAC63004W: 04h
1-0 VERSION-ID R 00 Version identifier
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7.6.13 CMP-STATUS # #7588 ( #uik = 23h ) [E42 = 0000h]
PMBus T EHihl = FFh , PMBus 27 /£55Hk = E7h
&] 7-36. CMP-STATUS 275

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
X PROTECT-| WIN- | WIN- | WIN- | WIN- | CMP- | CMP- | CMP- | CMP-
FLAG CMP-3 | CMP-2 | CMP-1 |CMP-0 | FLAG- | FLAG- | FLAG- | FLAG-
3 2 1 0
X-0h R-0Oh R-Oh R-0Oh R-0Oh R-0Oh R-0Oh R-0h R-Oh R-0h
% 7-37. CMP-STATUS F1E8 BBl
R 3: 3 FH Hhr L
15-9 X X ANHFEE
8 PROTECT-FLAG R 0 : PROTECT #1EA Lk .
1 : PROTECT Ihg B 52 RELIEAE#AT . SRS A 0.
7. 6. 5. |WIN-CMP-X R 0 Sk {1 HR S 0 B 1 LLRC A . it R 9% COMMON-CONFIG
4 1792 011) WINDOW-LATCH-EN 1 & Sk 8177 sk 877
3. 2. 1. |CMP-FLAG-X R 0 Sk 1A ESEE B 725 LR S
0

7.6.14 GPIO-CONFIG Register (address = 24h) [reset = 0000h]
PMBus page address = FFh, PMBus register address = E8h
& 7-37. GPIO-CONFIG Register

15 14 13 12 1 10 © 8 7 6 5 4 3 2 0
GF-EN | DEEP- |GPO-EN GPO-CONFIG GPI-CH-SEL GPI-CONFIG GPI-EN
SLEEP-
EN
R/W-0h R/W-0h R/W-0h R/W-0h R/W-0h R/W-0h R/W-0h

% 7-38. GPIO-CONFIG Register Field Descriptions

Bit Field Type Reset Description
15 GF-EN R/W 0 0: Glitch filter disabled for GP input. This setting provides faster
response.
1: Glitch filter enabled for GP input. This setting introduces
additional propagation delay but provides robustness.
14 DEEP-SLEEP-EN R/W 0 0: Deep-sleep mode disabled
1: Deep-sleep mode enabled for GP input
13 GPO-EN R/W 0 0: Disable output mode for GPIO pin
1: Enable output mode for GPIO pin
12-9 GPO-CONFIG RW 0000 STATUS function setting. The GPIO pin is mapped to the

following register bits as output:
0001: NVM-BUSY
0100: DAC-0-BUSY
0101: DAC-1-BUSY
0110: DAC-2-BUSY
0111: DAC-3-BUSY
1000: WIN-CMP-0
1001: WIN-CMP-1
1010: WIN-CMP-2
1011:WIN-CMP-3
Others: Invalid
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% 7-38. GPIO-CONFIG Register Field Descriptions (continued)

Bit

Field

Type

Reset

Description

8-5

GPI-CH-SEL

R/W

0000

Each bit corresponds to a DAC channel. Ob is disabled and 1b is
enabled.

GPI-CH-SEL[0]: Channel 0

GPI-CH-SEL[1]: Channel 1

GPI-CH-SEL[2]: Channel 2

GPI-CH-SEL[3]: Channel 3

Example: when GPI-CH-SEL is 0101, both channel-0 and
channel-2 are enabled and both channel-1 and channel-3 are
disabled.

4-1

GPI-CONFIG

R/W

0000

GPIO pin input configuration. Global settings act on the entire
device. Channel-specific settings depend on the channel
selection by the GPI-CH-SEL bits:

0000: DEEP-SLEEP (global). GPIO falling-edge triggers deep-
sleep mode, GPIO rising-edge takes the device out of deep-sleep
mode.

0010: FAULT-DUMP (global). GPIO falling-edge triggers fault-
dump, GPIO = 1 has no effect.

0011: IOUT power-up, down (channel-specific). GPIO falling-edge
triggers power-down, GPIO rising-edge triggers power-up.

0100: VOUT power-up/down (channel-specific). The output load
is as per the VOUT-PDN-X setting. GPIO falling-edge triggers
power-down, GPIO rising-edge triggers power-up.

0101: PROTECT input (global). GPIO falling-edge asserts
PROTECT function, GPIO = 1 has no effect.

0111: CLR input (global). GPIO = 0 asserts CLR function,
GPIO = 1 has no effect.

1000: LDAC input (channel-specific). GPIO falling-edge asserts
LDAC function, GPIO = 1 has no effect. Both the SYNC-CONFIG-
X and the GPI-CH-SEL must be configured for every channel.

1001: Start, stop function generation (channel-specific). GPIO
falling-edge stops function generation. GPIO rising-edge starts
function generation.

1010: Trigger margin-high, low (channel-specific). GPIO falling-
edge triggers margin-low. GPIO rising-edge triggers margin-high.

1011: RESET input (global). The falling-edge of the GPIO pin
asserts the RESET function. The RESET input must be a pulse.
The GPIO rising-edge brings the device out of reset. The RESET
configuration must be programmed into the NVM. Otherwise, the
setting is cleared after the device reset.

1100: NVM write-protection (global). GPIO falling-edge allows
NVM programming. GPIO rising-edge blocks NVM programming.

1101: Register-map lock (global). GPIO falling-edge allows
update to the register map. GPIO rising-edge blocks any register
map update except a write to the DEV-UNLOCK field through 12C
or SPI and to the RESET field through I2C.

Others: Not applicable

GPI-EN

R/W

0: Disable input mode for GPIO pin
1: Enable input mode for GPIO pin
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7.6.15 DEVICE-MODE-CONFIG Register (address = 25h) [reset = 0000h]
PMBus page address = FFh, PMBus register address = E9h
| 7-38. DEVICE-MODE-CONFIG Register

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RESERVED DIS- RESERVED PROTECT- RESERVED X
MODE-IN CONFIG
R/W-0h R/W-0h R/W-0h R/W-0h R/W-0h X-0h
% 7-39. DEVICE-MODE-CONFIG Register Field Descriptions
Bit Field Type Reset Description
15-14 |RESERVED R/W 00 Always write 0b00
13 DIS-MODE-IN R/W Write 1 to this bit for low-power consumption.
12-10 |RESERVED R/W Always write 0b000
9-8 PROTECT-CONFIG R/W 00 00: Switch to Hi-Z power-down (no slew)
01: Switch to DAC code stored in NVM (no slew) and then switch
to Hi-Z power-down
10: Slew to margin-low code and then switch to Hi-Z power-down
11: Slew to margin-high code and then switch to Hi-Z power-down
7-5 RESERVED R/W 0 Always write 0b000
4-0 X R/wW 00h Don't care

7.6.16 INTERFACE-CONFIG Register (address = 26h) [reset = 0000h]
K 7-39. INTERFACE-CONFIG Register

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TIMEOUT- X EN-PMBUS X FSDO- X SDO-
EN EN EN
X-0h R/W-0h X-0h R/W-0h X-0h R/W-0h  X-O0h R/W-0h
# 7-40. INTERFACE-CONFIG Register Field Descriptions
Bit Field Type Reset Description
15-13 |X X Oh Don't care
12 TIMEOUT-EN R/W 0 0: 12C timeout disabled
1: 12C timeout enabled
11-9 X X Oh Don't care
8 EN-PMBUS R/W 0 0: PMBus disabled
1: Enable PMBus
7-3 X X 00h Don't care
2 FSDO-EN R/W 0 0: Fast SDO (FSDO) disabled
1: Fast SDO enabled
X X Don't care
0 SDO-EN R/W 0: SDO disabled
1: SDO enabled on GPIO pin
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7.6.17 SRAM-CONFIG Register (address = 2Bh) [reset = 0000h]
PMBus page address = FFh, PMBus register address = EFh
& 7-40. SRAM-CONFIG Register

15 14 13 12 11 10 8 7 6 5 4 3 2 1 0
X SRAM-ADDR
X-00h R/W-00h
& 7-41. SRAM-CONFIG Register Field Descriptions
Bit Field Type Reset Description
15-8 X X 00h Don't care
7-0 SRAM-ADDR R/W 00h 8-bit SRAM address. Writing to this register field configures the
SRAM address to be accessed next. This address automatically
increments after a write to the SRAM.

7.6.18 SRAM-DATA Register (address = 2Ch) [reset = 0000h]
PMBus page address = FFh, PMBus register address = FOh
& 7-41. SRAM-DATA Register

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SRAM-DATA

R/W-0000h

3 7-42. SRAM-DATA Register Field Descriptions

Bit Field Type Reset Description

16-bit SRAM data. Data are written to or read from the address
configured in the SRAM-CONFIG register.

15-0 SRAM-DATA R/W 0000h
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7.6.19 DAC-X-DATA-8BIT Register (address = 40h, 41h, 42h, 43h) [reset = 0000h]
PMBus page address = Not applicable, PMBus register address = Not applicable
K 7-42. DAC-X-DATA-8BIT Register

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DAC-X-DATA-8BIT[7:0] X
R/W-00h X-00h

R 7-43. DAC-X-DATA-8BIT Register Field Descriptions

Bit Field Type Reset Description

15-8 DAC-X-DATA-8BIT[7:0] R/W 00h 8-bit data for current output. This register provides faster update
rate in the 12C mode. Data are in straight-binary format.

7-0 X X 00h Not applicable

7.6.20 BRDCAST-DATA Register (address = 50h) [reset = 0000h]
PMBus page address = FFh, PMBus register address = F1h
& 7-43. BRDCAST-DATA Register

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
BRDCAST-DATA[11:0] X
BRDCAST-DATA[9:0]
R/W-000h X-0h

3 7-44. BRDCAST-DATA Register Field Descriptions

Bit Field Type Reset Description
15-4 BRDCAST-DATA[11:0] R/W 000h Broadcast code for all DAC channels
BRDCAST-DATA[9:0] Data are in straight-binary format. MSB left-aligned.

Use the following bit-alignment:

DAC63004W VOUT: {BRDCAST-DATA[11:0]}

DAC53004W VOUT: {BRDCAST-DATA[9:0], X, X}

X = Don't care bits.

The BRD-CONFIG-X bit in the DAC-X-FUNC-CONFIG register
must be enabled for the respective channels.

3-0 X X Oh Don't care.

7.6.21 PMBUS-PAGE Register [reset = 0300h]
PMBus page address = X, PMBus register address = 00h
K| 7-44. PMBUS-PAGE Register

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
PMBUS-PAGE X
R/W-03h X-00h

3 7-45. PMBUS-PAGE Register Field Descriptions

Bit Field Type Reset Description
15-8 PMBUS-PAGE R/W 03h 8-bit PMBus page address as specified in the Register Names
table in the Register Map section.
7-0 X X 00h Not applicable
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7.6.22 PMBUS-OP-CMD-X Register [reset = 0000h]
PMBus page address = 00h, 01h, 02h, 03h, PMBus register address = 01h
K 7-45. PMBUS-OP-CMD-X Register (X =0, 1, 2, 3)

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
PMBUS-OPERATION-CMD-X X
R/W-00h X-00h

3 7-46. PMBUS-OP-CMD-X Register Field Descriptions
Bit Field Type Reset Description

15-8 PMBUS-OPERATION-CMD-X R/W 00h PMBus operation commands:

00h: Turn off

80h: Turn on

A4h: Margin high, DAC output margins high to DAC-X-MARGIN-
HIGH code

94h: Margin low, DAC output margins low to DAC-X-MARGIN-
LOW code

7-0 X X 00h Not applicable

7.6.23 PMBUS-CML Register [reset = 0000h]
PMBus page address = X, PMBus register address = 78h
& 7-46. PMBUS-CML Register

15 14 13 12 11 10 9 8 7 6 5 4 3 % 1 0
X ‘ CML ‘ X ‘ N/A
X-00h R/W-0h  X-Oh X-00h

3 7-47. PMBUS-CML Register Field Descriptions

Bit Field Type Reset Description
15-10 |X X 00h Don't care
9 CML R/W 0 0: No communication fault

1: PMBus communication fault for write with incorrect number of
clocks, read before write command, invalid command address,
and invalid or unsupported data value; reset this bit by writing 1.

8 X X Oh Don't care
7-0 X X 00h Not applicable

7.6.24 PMBUS-VERSION #7758 [E£L = 2200h]
PMBus F{[m#iht = X , PMBus #7724k = 98h

& 7-47. PMBUS-VERSION & 175
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

PMBUS-VERSION ‘ X
R-22h X-00h

2% 7-48. PMBUS-VERSION 2775 7 B Ut BH

fr FB& it =XA L
15-8 PMBUS-VERSION R 22h PMBus iR A
7-0 X X 00h ANE]F
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8.1 Application Information

The DACx3004W are quad-channel buffered, force-sense output, voltage-output and current-output smart DACs
that include an NVM and internal reference, and are available in a tiny 1.75-mm x 1.75-mm DSBGA package.
The external reference must not exceed Vpp, either during transient or steady-state conditions. For the best Hi-Z
output performance, use a pullup resistor on the VREF pin to VDD. In case the VDD pin remains floating during
the off condition, place a 100-k Q resistor to AGND for proper detection of the VDD pin off condition. All the
digital outputs are open drain; use external pullup resistors on these pins. The interface protocol is detected at
power-on, and the device locks to the protocol as long as Vpp is on. In 12C mode, when allocating the 12C
addresses in the system, also consider the broadcast address. 12C timeout can be enabled for robustness. SPI
mode is three-wire by default. Configure the GPIO pin as SDO in the NVM for SPI readback capability. The SPI
clock speed in readback mode is slower than in write mode. Power-down mode sets the DAC outputs in Hi-Z by
default. Change the configuration appropriately for different power-down settings. The DAC channels can also
power-up with a programmed DAC code in the NVM.

8.2 Typical Application

The DACx3004W can be used as a programmable current source using an external MOSFET for current values
greater than 250 pA. The force-sense outputs of DACx3004W can be used to compensate for the gate-source
voltage drop caused by temperature, drain current, and aging of the MOSFET. The GPIO pin can be used to
switch the output current on or off without the need for run-time software. The slew between the on and off
values can be programmed. 8-1 shows how the DACx3004W is used as a programmable current source. A
resistor, Rget, connected to the source of the MOSFET sets the output current range. This circuit can be used in
optical modules that require a high current output with a small size.

1.5uF l_ 100nF  vDD VDD
‘_L_i ‘_L_i 10k0%
13 CAP 15VvDD| 16 VREF
I0UTx
LDO |
v v
Internal .
NVM F{eference_/_0 . J
: || -
e e 3
8 SDA/SCLK 5 FBO Vser
Q DAC DAC 10
= H H OUT1
7 AO/SDI 5 BUF [| REG [] Fg1 9 Rser
]
6 SCL/SYNC g DAC | | DAC || ouT2 3
HIGH 3 BUF || REG || FB2 4
5 GPIO/SDO @
LOW DAC || DAC || quta\_| 2
Output Configuration ,l
Logic :
14 AGND
Kl 8-1. Current Source
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8.2.1 Design Requirements

% 8-1. Design Parameters

PARAMETER VALUE
Current output range 0 mA to 200 mA
DAC range 0OVto0.6V
Rser 3Q

8.2.2 Detailed Design Procedure

VseT is controlled by the DACx3004W to adjust the current output. Rget sets the output range of the current
source. Choose a small Vget so that the power dissipation across Rget is minimum. 7525 10 calculates Rggr.

14
Rsgr =it (10)
A 0.6-V max Vgt is used in this example. /7 £ 11 shows that Rget is calculated to be 3 Q. Choose an Rggt
with a power rating of at least 120 mW.

0.6V
RSETZMZE"Q (11)

J7FEx 12 shows how to calculate the DAC code for a given output voltage, reference, and gain setting.

_ VouyrX ZN
DAC_DATA = g ST (12)

77 #3013 calculates the DAC code for an output voltage, Vg, of 0.6V, the internal 1.21-V reference, and the
1.5 x gain setting.

0.6V x 212

DAC_DATA = 131715

= 1354d (13)

The GPIO pin can be configured as an input to trigger the DACx3x04W output to turn on and off, which turns the
current source on and off. Configure the GPIO in the GPIO-CONFIG register. The GPI-EN bit enables the GPIO
pin as an input. The GPI-CH-SEL field selects which channels are controlled by the GPI. The GPI-CONFIG field
selects the GPI function. 7 7-18 defines the functions for the GPI-CONFIG field. Choose the trigger margin-high

or margin-low function if programmable slew is needed, or VOUT power up or down if programmable slew is not
needed.

The programmable slew is configured by the CODE-STEP and SLEW-RATE fields in the DAC-X-FUNC-CONFIG
Register. The programmable slew is only available when toggling between two values stored in the DAC-X-
MARGIN-HIGH and DAC-X-MARGIN-LOW Registers. 75 7.4.5.1.2 discusses how to set the programmable slew.
This application example uses a SLEW-RATE of 8 yV/s and a CODE-STEP of 8-LSB to achieve a 1.36-ms slew
time.
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The pseudo code for this application example is as follows:

//SYNTAX: WRITE <REGISTER NAME (Hex code)>, <MSB DATA>, <LSB DATA>

//Set gain setting to 1.5x internal reference (1.8 V) (repeat for all channels)
WRITE DAC-0-VOUT-CMP-CONFIG (0x3), 0x08, 0x00

//Power-up voltage output on all channels and enable the internal reference
WRITE COMMON-CONFIG(0x1F),0x12, 0x49

//Configure GPI for Margin-High, Low trigger for all channels

WRITE GPIO-CONFIG(0x24), 0x01, OxF5

//Set slew rate and code step (repeat for all channels)

//CODE_STEP: 8 LSB, SLEW RATE: 8 us/step

WRITE DAC-0-FUNC-CONFIG (0x06), 0x00, 0x52

//Write DAC margin high code (repeat for all channels)

//For a 1.8-V output range, the 12-bit hex code for 0.6 V is 0x54A. With 16-bit left alignment,
this becomes 0x54A0

WRITE DAC-0-MARGIN-HIGH (0x01), 0x54, 0xAQ0

//Write DAC margin low code (repeat for all channels)

//The 12-bit hex code for 0 V is 0x000. With 16-bit left alignment, this
becomes 0x0000

WRITE DAC-0-MARGIN-LOW (0x02), 0x00, 0x00

//Save settings to NVM

WRITE COMMON-TRIGGER (0x20), 0x00, 0x02

8.2.3 Application Curve

1 250
— VFB (V)
—— 10UT (mA)
0.8 200
S E
:a 0.6 \ 150 5
=} F=
o =]
o \ 9
_g 0.4 \ 100 §
S \ 3
0.2 50
0 0
0 1 2 3 4 5 6 7 8
Time (ms)
Kl 8-2. IOUT and VFB On-to-Off Transition
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8.3 Power Supply Recommendations

The DACx3004W family of devices does not require specific power-supply sequencing. These devices require a
single power supply, Vpp. However, make sure the external voltage reference is applied after VDD. Use a 0.1-yF
decoupling capacitor for the Vpp pin. Use a bypass capacitor with a value approximately 1.5 yF for the CAP pin.

8414
8.4.1 fifR{ETE

DACx3004W 5| JAIEC ERAR UL . By AR 51 B> I LS BURAEAT JR o O 7 PRIIEAS 5 52 Bk, ol B ALl
2t IR E A S E AR O BN .

8.4.2 Layout Example

VREF Pullup

Resistor

o §

VREF Bypass

Capacitor
VDD GND

o0

Decoupling

OouT3

ouT2

GPIO/SDO

VIO

SCL/SYNC

VIO

Capacitor

il

00

LDO Bypass
Capacitor

VIO

A0/SDI

VIO
DACXx3004W

SDA/SCLK
ouTo OUT1

K 8-3. Layout Example

Note: The ground and power planes have been omitted for clarity.
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9 Device and Documentation Support

Tl offers an extensive line of development tools. Tools and software to evaluate the performance of the device,
generate code, and develop solutions are listed below.

9.1 BT EFTE A

BRSO EOFE A |, T SR ti.com LRSI S OCIESe . w27 S 2T BATIENY , BIAT AR i A S
R ARELNHEAGER | AR EM OB SO P A BT iR,

9.2 T RERIE

TIE2E™ CHibls R TR EES %R | ol BN G FIRE PR . S IiF s i #0h. MRIH MR
S E AR TR i) T SR A T RO e B

RN A R AN TR Y “HERE” R, XA IR TI HARME | I B —E R T A 530
THY ()

9.3 Trademarks
PMBus™ is a trademark of SMIF, Inc..
TI E2E™ is a trademark of Texas Instruments.

A T kR N H A H TS Z 7= .
9.4 B L
HHIOE (ESD) SARFRIXANER L . B AR (TI) EEUCE IS 4 TS 1S i Ak B A7 B B o 1SR S 5 T P b B
A RIS | T SR B
A\ ESD HIBWR/INE SO NMOTEREFRGE | KRS PE b . 3 (SR B T R T 25 5 R BB | 5 R D AR AN 5
Y AT B 2 B SR B R A HO MU AR

9.5 RiER
TI RiEZ AARE R NIRRT ARIE. B REISARE L.

10 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)

DAC53004YBHR Active Production DSBGA (YBH) | 16 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 DAC
53004

DAC53004YBHR.A Active Production DSBGA (YBH) | 16 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 DAC
53004

DAC63004YBHR Active Production DSBGA (YBH) | 16 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 DAC
63004

DAC63004YBHR.A Active Production DSBGA (YBH) | 16 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 DAC
63004

@ status: For more details on status, see our product life cycle.

@ material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

@ | ead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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