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DACx750 Single-Channel, 12-Bit and 16-Bit Programmable Current Output
Digital-to-Analog Converters for 4-mA to 20-mA Current-Loop Applications

1 Features

Current output options:

— O0mAto24 mA

— 4mAto20mA

— 0mAto20mA

1+0.1% FSR typical total unadjusted error (TUE)
DNL: £1 LSB maximum

Maximum loop compliance voltage: AVDD — 2 V
Internal 5-V reference: 10 ppm/°C (maximum)
Internal 4.6-V power-supply output

CRC frame error check

Watchdog timer

Thermal alarm

Open-circuit alarm

Pins to monitor output current

On-chip fault alarm

User-calibration for offset and gain

Wide temperature range: —40°C to +125°C

Packages: 6-mm x 6-mm 40-pin VQFN and 24-pin

HTSSOP

2 Applications

Analog output module

CPU (PLC controller)

Flow transmitter

Other sensor transmitter

Actuator

Process analytics (pH, gas, concentration, force
and humidity)

3 Description

The DAC7750 and DAC8750 (DACx750) are low-
cost, precision, fully-integrated, 12-bit and 16-bit
digital-to-analog converters (DACs) designed to
meet the requirements of industrial process-control
applications. These devices can be programmed as
a current output with ranges of 4 mA to 20 mA, 0 mA
to 20 mA, or 0 mA to 24 mA. The DACx750 include
reliability features such as CRC error checking on
the SPI frame, a watchdog timer, an open circuit,
compliance voltage, and thermal alarm. In addition,
the output current can be monitored by accessing an
internal precision resistor.

These devices include a power-on-reset function
designed to power up the device in a known state
(IOUT is disabled and in a Hi-Z state). The CLR pin
sets the current output to the low end of the range
if the output is enabled. Program the zero and gain
registers to digitally calibrate the device in the end
system. The output slew rate is also programmable by
register. These devices can superimpose an external
HART® signal on the current output, and operate with
a 10-V to 36-V supply.

Device Information

PART NUMBER PACKAGE(") BODY SIZE (NOM)
HTSSOP (24) 7.80 mm x 4.40 mm

DACx750
VQFN (40) 6.00 mm x 6.00 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.
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5 Device Comparison Table

DIFFERENTIAL
PRODUCT RESOLUTION TUE (FSR
( ) NONLINEARITY (LSB)
DAC8750 16 0.2% +1
DAC7750 12 0.2% +1
6 Pin Configuration and Functions
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Figure 6-1. RHA Package, 40-Pin VQFN, Top View
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Figure 6-2. PWP Package, 24-Pin HTSSOP, Top View
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Table 6-1. Pin Functions

PIN
e RHA PWP TYPE DESCRIPTION
(VQFN) (HTSSOP)
Alarm pin. Open drain output. External pullup resistor required (10 kQ). The
ALARM 2 3 Digital output pin goes low (active) when the ALARM condition is detected (open circuit,
over temperature, timeout, and so on).
AVDD 36 24 Supply input Positive analog power supply.
BOOST 27 20 Analog output | Boost pin. External transistor connection (optional).
CAP1 28 21 Analog input Connection for output filtering capacitor (optional).
CAP2 29 22 Analog input Connection for output filtering capacitor (optional).
CLR 5 6 Digital input Clegr |nput. Logic high on this pin causes the part to enter CLEAR state.
Active high.
C Serial data input. Data are clocked into the 24-bit input shift register on the
DIN 8 9 Digital input rising edge of the serial clock input. Schmitt-Trigger logic input.
DVvVDD 39 2 Sl;?‘i)lztgﬁm Digital power supply. Can be input or output, depending on DVDD-EN pin.
Internal power-supply enable pin. Connect this pin to GND to disable the
i s internal supply, or leave this pin unconnected to enable the internal supply.
DVDD-EN 23 16 Digital input When this pin is connected to GND, an external supply must be connected
to the DVDD pin.
12, 13, 14, . . - .
GND 15 37 1, 11,12 Supply input Ground reference point for all analog circuitry of the device.
GND 3,4 4,5 Supply input Ground reference point for all digital circuitry of the device.
HART-IN 24 17 Analog input Input pin for HART modulation.
10UT 26 19 Analog output | Current output pin
ISET-R 16 13 Analog input Connection pin for external precision resistor (15 kQ). See Section 8 of this
data sheet.
Load DAC registers input. A rising edge on this pin loads the input shift
LATCH 6 7 Digital input register data into the DAC data and control registers and updates the DAC
output.
1,10, 11,
19, 20, 21,
NC 22, 30, 31, 23 — No connection.
32, 33, 34,
35, 38, 40
This pin is used as a monitoring feature for the output current. The voltage
R3-SENSE 25 18 Analog output | measured between the R3-SENSE pin and the BOOST pin is directly
proportional to the output current.
REFOUT 17 14 Analog output Internal reference output. Connects to REFIN when using internal
reference.
REFIN 18 15 Analog input Reference input
SCLK 7 8 Digital input Serlal'cloc'k input of the SPI. Data can be transferred at rates up to 30 MHz.
Schmitt-Trigger logic input.
SDO 9 10 Digital output | Serial data output. Data are valid on the rising edge of SCLK.
The thermal pad is internally connected to GND. For enhanced thermal
performance, thermally connect the pad to a copper plane. The pad can
Thermal Pad — — Supply input be electrically connected to the same potential as the GND pin or left
electrically unconnected provided a supply connection is made at the GND
pin.
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7 Specifications

7.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted)(")

MIN MAX UNIT
AVDD to GND -0.3 40 \Y
DVDD to GND -0.3 6 \
IOUT to GND -0.3 AVDD Vv
REFIN to GND -0.3 6 \
REFOUT to GND -0.3 6 \
ALARM to GND -0.3 6 \Y
Digital input voltage to GND -0.3 DVvDD + 0.3 \%
SDO to GND -0.3 DVDD + 0.3 \Y
Current into REFOUT 10 mA
Operating temperature -40 125 °C
T, Junction temperature 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.

7.2 ESD Ratings

VALUE UNIT

Vesp Electrostatic discharge(")

Human body model (HBM) ESD stress voltage® +3000
Charged device model (CDM) ESD stress voltage(® +1000

(1) Electrostatic discharge (ESD) to measure device sensitivity and immunity to damage caused by assembly line electrostatic discharges
in to the device.

(2) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process. Manufacturing with
less than 500-V HBM is possible with the necessary precautions.

(3) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process. Manufacturing with
less than 250-V CDM is possible with the necessary precautions.

7.3 Recommended Operating Conditions

MIN NOM MAX| UNIT
AVDD Analog supply voltage 10 36 \%
DVDD Digital supply voltage 2.7 5.5 \Y
Reference input voltage 4.95 5.05 \%
External reference current 30 MA
Loop compliance voltage (output = 24 mA)(") AVDD -2 v
VIH Digital input high voltage 2 \%
VIL Digital Input low voltage S6V=ADD <55V 08 \Y
27V<AYVDD <36V 0.6
Specified performance temperature -40 125 °C

(1)  Loop compliance voltage is defined as the voltage at the IOUT pin
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7.4 Thermal Information

DAC7750, DAC8750
THERMAL METRIC() RHA (VQFN) | PWP (HTSSOP) UNIT
40 PINS 24 PINS
Reua Junction-to-ambient thermal resistance 329 32.3 °C/W
ReJcitop) Junction-to-case (top) thermal resistance 17.2 14.1 °C/W
Reys Junction-to-board thermal resistance 7.5 12.2 °C/W
Wyt Junction-to-top characterization parameter 0.2 0.3 °C/W
Wis Junction-to-board characterization parameter 7.5 12 °C/W
Rauc(bot) Junction-to-case (bottom) thermal resistance 1.4 0.63 °C/W

(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.

7.5 Electrical Characteristics

at AVDD =10 V to 36 V, GND = 0 V, REFIN = 5V external, DVDD = 2.7 V to 5.5 V, and all specifications are from —40°C to
+125°C (unless otherwise noted); for IOUT, R = 300 Q; typical specifications are at 25°C

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNIT
CURRENT OUTPUT
RANGE bits = 111 0 24
Current output RANGE bits = 110 0 20 mA
RANGE bits = 101 4 20
DAC8750 16
Resolution Bits
DAC7750 12
CURRENT OUTPUT ACCURACY (0 mA TO 20 mA AND 0 mA TO 24 mA)(")
Ta=-40°C to +125°C -0.2% 0.2%
Total unadjusted error, TUE Ta =—-40°C to +85°C -0.16% 0.16% FSR
Ta=25°C —0.08% +0.02% 0.08%
Differential nonlinearity, DNL Monotonic +1 LSB
Ta =—-40°C to +125°C +0.08%
Relative accuracy, INL®) FSR
Ta =-40°C to +85°C +0.024%
Ta=-40°C to +125°C -0.17% 0.17%
Offset error Ta =-40°C to +85°C -0.1% 0.1% FSR
Ta=25°C -0.07% +0.01% 0.07%
Offset error temperature coefficient 5 ppm FSR/°C
Ta =-40°C to +125°C -0.2% 0.2%
Full-scale error Ta =-40°C to +85°C -0.16% 0.16% FSR
Ta=25°C -0.08%  +0.015% 0.08%
Internal Rgget 5
Full-scale error temperature coefficient ppm FSR/°C
External Rggt +10
Ta =-40°C to +125°C -0.2% 0.2%
Internal Rggt Ta =—40°C to +85°C -0.15% 0.15%
Ta=25°C —0.08% +0.01% 0.08%
Gain error FSR
Ta =-40°C to +125°C -0.17% 0.17%
External Rggt Ta =-40°C to +85°C -0.12% 0.12%
Ta=25°C —-0.05% +0.01% 0.05%
Internal Rggt +3
Gain error temperature coefficient ppm FSR/°C
External Rggt +8
Internal Rget +50
Output current drift vs time Ta =125°C, 1000 hrs ppm FSR
External Rget +25
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7.5 Electrical Characteristics (continued)

atAVDD =10V to 36V, GND =0V, REFIN =5V external, DVDD = 2.7 V to 5.5V, and all specifications are from —40°C to
+125°C (unless otherwise noted); for IOUT, R = 300 Q; typical specifications are at 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
CURRENT OUTPUT ACCURACY (4 mA TO 20 mA)(")
Ta=-40°C to +125°C -0.25% 0.25%
Internal Rget
Ta=25°C —0.08% +0.02% 0.08%
Total unadjusted error, TUE Ta =-40°C to +125°C -0.29% 0.29% FSR
External Rggt Ta =—-40°C to +85°C -0.25% 0.25%
Ta=25°C -0.1% +0.02% 0.1%
Differential nonlinearity, DNL Monotonic +1 LSB
Ta=-40°C to +125°C +0.08%
Relative accuracy, INL®) FSR
Ta =-40°C to +85°C +0.024%
Ta=-40°C to +125°C -0.22% 0.22%
Internal Rget
Ta =-40°C to +85°C -0.2% 0.2%
Offset error Ta =-40°C to +125°C -0.2% 0.2% FSR
External Rsgt
Ta =-40°C to +85°C -0.18% 0.18%
Internal and external Rgg, Tp = 25°C -0.07% +0.01% 0.07%
Offset error temperature coefficient +3 ppm FSR/°C
Ta =-40°C to +125°C -0.25% 0.25%
Internal Rgget
Ta=25°C —0.08% +0.015% 0.08%
Full-scale error Ta =—-40°C to +125°C -0.29% 0.29% FSR
External Rggt Ta =-40°C to +85°C -0.25% 0.25%
Ta=25°C -0.1% +0.015% 0.1%
Internal Rgget 5
Full-scale error temperature coefficient ppm FSR/°C
External Rget +10
Ta =-40°C to +125°C -0.2% 0.2%
Internal Rget Ta =—-40°C to +85°C -0.15% 0.15%
Ta=25°C —0.08% +0.01% 0.08%
Gain error FSR
Ta=-40°C to +125°C -0.16% 0.16%
External Rggt Ta =-40°C to +85°C -0.12% 0.12%
Ta=25°C -0.05% +0.01% 0.05%
Internal Rgget +3
Gain error temperature coefficient ppm FSR/°C
External Rget +8
Internal Rget +50
Output current drift vs time Ta =125°C, 1000 hrs ppm FSR
External Rsgt 75
CURRENT OUTPUT STAGE®
Loop compliance voltage®®) Output = 24 mA AVDD -2 \Y]
Inductive load®) 50 mH
DC PSRR 1 Y
Output impedance Code = 0x8000 50 MQ
R3 RESISTOR
R3 resistor value 36 40 44 Q
R3 resistor temperature coefficient 40 ppm/°C
EXTERNAL REFERENCE INPUT
Reference input voltage 4.95 5 5.05 \%
External reference current REFIN=5.0V 30 MA
Reference input capacitance 10 pF
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7.5 Electrical Characteristics (continued)

atAVDD =10V to 36V, GND =0V, REFIN =5V external, DVDD = 2.7 V to 5.5V, and all specifications are from —40°C to
+125°C (unless otherwise noted); for IOUT, R = 300 Q; typical specifications are at 25°C

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNIT
INTERNAL REFERENCE OUTPUT
Reference output Ta=25°C 4.995 5.005 \%
Reference temperature coefficient(® Ta = —40°C to +85°C £10 ppm/°C
Output noise (0.1 Hz to 10 Hz) Ta=25°C 14 uVpp
Noise spectral density Ta =25°C, 10 kHz 185 nVA Hz
Capacitive load 600 nF
Load current 5 mA
Short-circuit current REFOUT shorted to GND 25 mA
Load regulation AVDD =24V, Tp = 25°C, sourcing 55 WVimA
AVDD =24V, Tp = 25°C, sinking 120
Line regulation +1.2 uviv
DVDD INTERNAL REGULATOR
Output voltage AVDD =24V 4.6 \%
Output load current(@) 10 mA
Load regulation 3.5 mV/mA
Line regulation 1 mV/V
Short-circuit current AVDD =24V, to GND 35 mA
Capacitive load stability® 25 uF
DIGITAL INPUTS
High-level input voltage, V|4 2 \%
36V<AVDD<55V 0.8
Low-level input voltage, V. \%
27V<AVDD<36V 0.6
Hysteresis voltage 0.4 \
Input current DVDD-EN, V|ys5V 2.7 A
All pins other than DVDD-EN +1
Pin capacitance Per pin 10 pF
DIGITAL OUTPUTS
Low-level output voltage, Vg, sinking 200 pA 0.4 v
SDO Hligh-level output voltage, Vop, sourcing 200 A DVDD - 0.5
High-impedance leakage +1 pA
10-kQ pullup resistor to
Low-level output voltage, DVDD 0.4 v
ALARM Vou 2.5 mA 06
High-impedance leakage +1 MA
High-impedance output capacitance 10 pF
POWER SUPPLY
AVDD 10 36 \Y
DVDD Internal regulator disabled 2.7 5.5 \%
Outputs disabled, external DVDD 3
AIDD Outputs disabled, internal DVDD 4 mA
Code = 0x0000, IOUT enabled 3
DIDD V\y = DVDD, V|_= GND, interface idle 1 mA
Power dissipation AVDD =36V, IOUT=0mA,DVDD =5V 95 115 mwW
TEMPERATURE
Thermal alarm 142 °C
Thermal alarm hysteresis 18 °C

(1) DAC8750 and DAC7750 current output range is set by writing to RANGE bits in control register at address 0x55.
(2) Specified by design and characterization; not production tested.
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(3) For 0-mA to 20-mA and 0-mA to 24-mA ranges, INL is calculated beginning from code 0x0100 for DAC8750 and from code 0x0010 for
DAC7750.

(4) Loop compliance voltage is defined as the voltage at the IOUT pin.

(5) For stability, use slew rate limit feature or add a capacitor between IOUT and GND

7.6 Electrical Characteristics: AC

At AVDD =10V to 36 V, GND = 0 V, REFIN= 5 V external and DVDD = 2.7 V to 5.5 V. For IOUT, R_ = 300 Q. All
specifications —40°C to 125°C (unless otherwise noted). Typical specifications are at 25°C.

PARAMETER(") \ TEST CONDITIONS MIN TYP MAX UNIT
DYNAMIC PERFORMANCE

16-mA step, to 0.1% FSR, no L (inductance) 10 us

Output current settling time
16-mA step, t0 0.1% FSR, L <1 mH 25 us

200-mV, 50-Hz or 60-Hz sine wave superimposed

AC PSRR
on power-supply voltage

(1) Specified by characterization, not production tested.

7.7 Timing Requirements: Write Mode
at To =—40°C to 125°C and DVDD = 2.7 V to 5.5 V (unless otherwise noted)(")

MIN MAX| UNIT
t4 SCLK cycle time 33 ns
to SCLK low time 13 ns
ts SCLK high time 13 ns
tq LATCH delay time 13 ns
ts LATCH high time(@ 40 ns
ts Data setup time 5 ns
t7 Data hold time 7 ns
tg LATCH low time 40 ns
tg CLR pulse duration 20 ns
t10 CLR activation time 5 us

(1) Specified by design, not production tested.
(2) Based on digital interface circuitry only. When writing to DAC control and configuration registers, consider the analog output
specifications in Section 7.6.

7.8 Timing Requirements: Readback Mode
at Tp = —40°C to 125°C and DVDD = 2.7 V to 5.5 V (unless otherwise noted)(")

MIN MAX| UNIT
t11 SCLK cycle time 60 ns
t12 SCLK low time 25 ns
t13 SCLK high time 25 ns
t14 LATCH delay time 13 ns
t15 LATCH high time 40 ns
t16 Data setup time 5 ns
t47 Data hold time 7 ns
t1s LATCH low time 40 ns
t1g Serial output delay time (C spo = 15 pF) 35 ns
too LATCH rising edge to SDO 3-state (C| spo = 15 pF) 35 ns

(1) Specified by design, not production tested.
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7.9 Timing Diagrams
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Figure 7-1. Write Mode Timing
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Figure 7-2. Readback Mode Timing
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7.10 Typical Characteristics

at Tp = 25°C (unless otherwise noted)
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Figure 7-3. REFOUT vs Temperature Figure 7-4. Internal Reference Temperature Drift Histogram
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Figure 7-5. REFOUT vs Load Current Figure 7-6. REFOUT vs AVDD
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Figure 7-7. REFOUT Noise PSD vs Frequency Figure 7-8. Internal Reference, Peak-to-Peak Noise
(0.1 Hz to 10 Hz)
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7.10 Typical Characteristics (continued)

at Tp = 25°C (unless otherwise noted)
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o 15
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/ X 1.0
/ Ly
REFOUT (2 V/div) 05
- - 0.0
Time (200 ps/div) 10 13 16 19 22 25 28 31 34 37
AVDD (V)
AVDD =10V External DVDD IOUT =0 mA
Figure 7-9. REFOUT Transient vs Time Figure 7-10. AIDD vs AVDD
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Figure 7-11. DIDD vs External DVDD Figure 7-12. Internal DVDD vs Load Current
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— i T 0 mA to 24 mA Internal RSET \
2 -60 i g 015 |-
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£-70 = 2 0 mA to 24 mA External RSET
] F -0.20 [
-80 0 mA to 24 mA External RSET, BOOST
-90 -0.25 ‘ ‘ ‘ ‘ ‘
10 100 1k 10k 100k M 0 8192 16384 24576 32768 40960 49152 57344 65536
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Figure 7-13. Internal DVDD PSRR vs Frequency Figure 7-14. IOUT TUE vs Code (0 mA to 24 mA)
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7.10 Typical Characteristics (continued)

at Tp = 25°C (unless otherwise noted)
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Figure 7-15. IOUT TUE vs Code (0 mA to 20 mA)
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Figure 7-16. IOUT TUE vs Code (4 mA to 20 mA)
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Figure 7-18. IOUT TUE vs Temperature (External Rggt)

0.12
0.10 —
0.08
0.06
/
/ | _—
0.04
\ // 0 mA to 20 mA
0.02 S——— 0mAto24mA |
4 mAto 20 mA
0.00 . . . .

40 -25 -10 5 20 35 50 65 80 95 110 125
Temperature (°C)

AVDD =10V RLOAD =300 Q

oo 1]
Max Total Unadjusted Error

T 0.04 |-
[
:l-\o \,\
‘g 0.03
& T~
°
% 0.02
=]
<) N
©
g 0.01
K Min Total Unadjusted Error \
2 0.00

-0.01
10 14 18 22 26 30 34 38
AVDD (V)
Rioap =300 Q 0-mA to 24-mA range

Figure 7-19. IOUT TUE vs Supply (Internal Rggr)
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Figure 7-20. IOUT TUE vs Supply (External Rggt)
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7.10 Typical Characteristics (continued)

at Tp = 25°C (unless otherwise noted)
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Figure 7-21. IOUT INL vs Code (0 mA to 24 mA) Figure 7-22. IOUT INL vs Code (0 mA to 20 mA)
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Figure 7-23. IOUT INL vs Code (4 mA to 20 mA) Figure 7-24. IOUT INL vs Temperature (Internal Rggt)
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Figure 7-25. IOUT INL vs Temperature (External Rggt) Figure 7-26. IOUT INL vs Supply (Internal RggT)
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7.10 Typical Characteristics (continued)

at Tp = 25°C (unless otherwise noted)

Figure 7-27. IOUT INL vs Supply (External Rggt)
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Figure 7-28. IOUT DNL vs Code (0 mA to 24 mA)
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Figure 7-29. IOUT DNL vs Code (0 mA to 20 mA)
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Figure 7-30. IOUT DNL vs Code (4 mA to 20 mA)
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Figure 7-31. IOUT DNL vs Temperature (Internal Rggt)
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Figure 7-32. IOUT DNL vs Temperature (External Rggt)
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7.10 Typical Characteristics (continued)

at Tp = 25°C (unless otherwise noted)
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Figure 7-33. IOUT DNL vs Supply (Internal Rggrt) Figure 7-34. IOUT DNL vs Supply (External Rggr)
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Figure 7-37. IOUT Gain Error vs Temperature Figure 7-38. R3 Resistance vs Temperature
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