








AD5750 Preliminary Technical Data
 

Rev. PrD | Page 20 of 26 

HARDWARE CONTROL:  
Hardware control is enabled by connecting the HW SELECT pin to DVCC. In this mode, pins R3,R2,R1,R0 along with RSEL pin are used 
to configure the output range as per Table.  

 

RSEL R3 R2 R1 R0 Output Configuration 
0 0 0 0 0 4-20MA         External Current Sense Resistor 15k ohm.   
0 0 0 0 1 0-20MA         External Current Sense Resistor 15k ohm.   
0 0 0 1 0 0-24MA         External Current Sense Resistor 15k ohm.    
0 0 0 1 1 +/-20MA        External Current Sense Resistor 15k ohm.    
0 0 1 0 0 +/-24MA        External Current Sense Resistor 15k ohm.    
0 0 1 0 1 0-5V  
0 0 1 1 0 0-10V 
0 0 1 1 1 +/-5V 
0 1 0 0 0 +/-10V 
0 1 0 0 1 0-6.0V (20% over range)  
0 1 0 1 0 0-12.0V (20% over range) 
0 1 0 1 1 +/-6.0V (20% over range) 
0 1 1 0 0 +/-12.0V (20% over range) 
0 1 1 0 1 +/-2.5v 
0 1 1 1 0 N/A. If selected output will drive 0V. 
0 1 1 1 1 N/A. If selected output will drive 0V. 
1 0 0 0 0 4-20MA       Internal Current Sense Resistor.  
1 0 0 0 1 0-20MA       Internal Current Sense Resistor. 
1 0 0 1 0 0-24MA       Internal Current Sense Resistor.   
1 0 0 1 1 +/-20MA 
1 0 1 0 0 +/-24MA 
1 0 1 0 1 0-5V  
1 0 1 1 0 0-10V 
1 0 1 1 1 +/-5V 
1 1 0 0 0 +/-10V 
1 1 0 0 1 0-6.0V (20% over range)  
1 1 0 1 0 0-12.0V (20% over range) 
1 1 0 1 1 +/-6.0V (20% over range) 
1 1 1 0 0 +/-12.0V (20% over range) 
1 1 1 0 1 3.92ma – 20.4ma     Internal Current Sense Resistor. 
1 1 1 1 0 0ma – 20.4ma          Internal Current Sense Resistor. 
1 1 1 1 1 0ma – 24.5ma          Internal Current Sense Resistor. 
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In hardware mode there is no status register. The fault 
conditions; open circuit, short circuit and over temperature are 
available on pins IFAULT, VFAULT and TEMP. If any one of 
these fault conditions are set then a low is asserted on the 
specific fault pin. IFAULT, VFAULT and TEMP are open drain 
outputs  and therefore can be connected together to allow the 
user generate one interrupt to the system controller to 
communicate a fault. If hardwired in this way, it will not be 
possible to isolate which fault occurred in the system.  

 

DEFAULT CONFIGURATION: 

On Power-up, the AD5750 will sense whether hardware or 
software mode is loaded and set the power up conditions 
accordingly.  
 
In software SPI mode, the part will power up with all outputs 
disabled (OUTEN bit=0). In disabled mode, both the current 
and voltage outputs are put into tri-state mode. The user will 
have to set the OUTEN bit in the control register to enable the 
output and in the same write the user will also set the output 
range configuration using the range bits.  The default range 
selected is the current output with the 4mA to 20mA range. The 
voltage output pin will be in tri-state. An alternative current 
range or a voltage output range may be selected via the 
CONTROL register. 

The AD5750 the power-on-reset circuit ensures that all registers 
are loaded with zero-code.  

 
If hardware mode is selected, the part will power up to the 
conditions defined by the range bits and the status of the 
OUTEN pin. It is recommended to keep the output disabled 
when powering up the part in hardware mode.  

 

 
TRANSFER FUNCTION 
Voltage Output 

For a unipolar voltage output range, the output voltage 
expression is given by 

        Vout = GAIN x VIN 

For a bipolar voltage output range, the output voltage expression is 
given by 

 

Vout = (GAIN x VIN – (GAIN x (VREF/2)) x VIN) 

where: 

  
VREF  is the reference voltage applied at the REFIN pin. 
Gain is an internal gain whose value depends on the output 
range selected by the user as shown in   

 

 
Current Output 

For a given  current output range, the current output range is 
chosen setting the bits R3,R2,R1,R10 in the Input Register or 
pins. Transfer function will change depending on current range 
selected. 
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FEATURES 
OUTPUT FAULT ALERT – SOFTWARE MODE 
In Software mode, the AD5750 is equipped with one FAULT 
pin, this is an open-drain output allowing several AD5750 
devices to be connected together to one pull-up resistor for 
global fault detection. In software control mode, the FAULT pin 
is forced active high by any one of the following fault scenarios; 

1) The Voltage at IOUT attempts to rise above the 
compliance range, due to an open-loop circuit or 
insufficient power supply voltage. The internal 
circuitry that develops the fault output avoids using a 
comparator with “window limits” since this would 
require an actual output error before the FAULT 
output becomes active. Instead, the signal is generated 
when the internal amplifier in the output stage has less 
than approximately one volt of remaining drive 
capability. Thus the FAULT output activates slightly 
before the compliance limit is reached. Since the 
comparison is made within the feedback loop of the 
output amplifier, the output accuracy is maintained by 
its open-loop gain and an output error does not occur 
before the FAULT output becomes active. 

2) A short is detected on the voltage output pin. Short 
circuit current limited to 15ma. 

3) An interface error is detected due to the PEC error 
checking failure. See PEC error checking section.  

4) A range change is detected without the user writing to 
the Interface.  

5) If the core temperature of the AD5750 exceeds approx. 
150°C. 

 
OUTPUT FAULT ALERT – HARDWARE MODE 
In hardware mode, the AD5750 is equipped with 3 FAULT pins, 
VFAULT, IFAULT, TEMP.  These are an open-drain outputs 
allowing several AD5750 devices to be connected together to 
one pull-up resistor for global fault detection. In hardware 
control mode, these fault pins are forced active by any one of 
the following fault scenarios; 

1) Open Circuit Detect. The Voltage at IOUT attempts to 
rise above the compliance range, due to an open-loop 
circuit or insufficient power supply voltage. The 
internal circuitry that develops the fault output avoids 
using a comparator with “window limits” since this 
would require an actual output error before the 
FAULT output becomes active. Instead, the signal is 
generated when the internal amplifier in the output 
stage has less than approximately one volt of 
remaining drive capability. Thus the FAULT output 
activates slightly before the compliance limit is 
reached. Since the comparison is made within the 

feedback loop of the output amplifier, the output 
accuracy is maintained by its open-loop gain and an 
output error does not occur before the FAULT output 
becomes active. 

If this fault is detected the IFAULT pin is forced low.  

2) A short is detected on the voltage output pin. Short 
circuit current limited to 15ma. If this fault is detected 
the VFAULT pin is forced low.  

3) If the core temperature of the AD5750 exceeds approx. 
150°C. If this fault is detected the TEMP pin is forced 
low. 

VOLTAGE OUTPUT SHORT CIRCUIT PROTECTION 
Under normal operation the voltage output will sink/source 
5mA and maintain specified operation. The maximum current 
that the voltage output will deliver is 15mA, this is the short 
circuit current. 

ASYNCHRONOUS CLEAR (CLEAR)  
CLEAR is an active high clear that allows the voltage output to 
be cleared to either zero-scale code or mid-scale code, user-
selectable via the CLRSEL pin or the CLRSEL bit of the INPUT 
register as described in Table 6. (The Clear select feature is a 
logical OR function of the CLR SELECT pin and the CLRSEL 
bit). The Current loop output will clear to the bottom of its 
programmed range. It is necessary to maintain CLEAR high for a 
minimum amount of time (see Figure 2) to complete the 
operation. When the CLEAR signal is returned low, the output 
returns to its programmed value or a new value if programmed. 
A clear operation can also be performed via the CLEAR 
command in the control register. 

Table 11. CLEAR SELECT Options 
CLR  
SELECT 

Output CLR Value 

 Unipolar Output Voltage 
Range 

Bipolar Output 
Range 

0 0 V Negative Full-Scale 

1 Mid-Scale 0 V 

 Unipolar Current Output 
Range 

Bipolar Current 
Output Range 

0 Zero-Scale e.g. 
4ma on 4-20ma 
0ma on 0-20ma etc... 

Zero Scale e.g. 
-24ma on +/-24ma 

1 Mid-Scale e.g. 
12ma on 4-20ma 
10ma on 0-20ma 

Mid-Scale e.g. 
0ma on +/-24ma 

EXTERNAL CURRENT SETTING RESISTOR 
Referring to Figure 1, RSET is an internal sense resistor as part 
of the voltage to current conversion circuitry. The nominal 
value of internal current sense resistor is 15k ohm. To allow for 
overrange capability in current mode, the user can also select 
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the internal current sense resistor to be 14.7K, giving a nominal 
2% overrange capability. This feature is available in the 0-20ma, 
4-20ma, +/-20ma current ranges.  

The stability of the output current value over temperature is 
dependent on the stability of the value of RSET. As a method of 
improving the stability of the output current over temperature 
an external low drift resistor can be connected to the RSET1 & 
RSET2 pins of the AD5750 to be used instead of the internal 
resistor RSET. The external resistor is selected via the input 
register. If the external resistor option is not used the RSET1 
and RSET2 pins should be left floating.  

 
PROGRAMMABLE OVER-RANGE MODES 
The AD5750 contains an over range mode for most of the 
available ranges. In voltage mode the over-range is typically 
20% and in current mode the over-range is typically 2%. The 
overranges are selected by configuring R3, R1, R1, R0 bits/pins 
accordingly.  
 
In voltage mode the overranges are typically 20% providing 
programmable output ranges of 0-6v, 0-12v, +/-6v and +/-12v. 
The 0-4.096v analog input remains the same.  
In current mode the overranges are typically 2%. In current 
mode the overrange capability is only available on 3 ranges, 0-
20ma, 0-24ma, 4-20ma. For these ranges the analog input will 
also vary, according to the table below.   
 
 
Over Range Analog Input 
0-20.4ma 0.075v – 4.096v 
3.92-20.4ma 0.06v-4.096v 
0-24.5ma 0.065-4.096v 
 
 
For example, in 0-20.4ma range, an analog input of 0.075v will 
output 0ma and 4.096v will output full scale 20.4ma.  

 
 
PACKET ERROR CHECKING 
To verify that data has been received correctly in noisy 
environments, the AD5750 offers the option of error 
checking based on an 8-bit (CRC-8) cyclic redundancy check. 
The device controlling the AD5750 should generate an 8-bit 
frame check sequence using the polynomial  

C(x) = x8 + x2 + x1 +1.  
 
This is added to the end of the data word, and 24 data 

bits are sent to the AD5750 before taking SYNC high. 
If the AD5750 sees a 24-bit data frame, it will perform 
the error check when SYNC goes high. If the check is valid, 
then the data will be written to the selected register. If the error 
check fails, the FAULT will go high and bit D4 of the Status 
Register is set. After reading this register, this error flag is 
cleared automatically and PEC goes high again. 

  

 

SYNC

SCLK

DIN

16-BIT DATA TRANSFER - NO ERROR CHECKING

SYNC

SCLK

DIN

MSB
D15

LSB
D0

MSB
D23

LSB
D8 D7 D0

UPDATE ON SYNC HIGH

UPDATE AFTER SYNC HIGH
ONLY IF ERROR CHECK PASSED

16-BIT DATA

16 BIT DATA

16-BIT DATA TRANSFER WITH ERROR CHECKING

8-BIT FCS

PEC PEC GOES LOW IF
ERROR CHECK FAILS

 
Figure 13. PEC Error Checking Timing 
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APPLICATIONS INFORMATION 
 DRIVING INDUCTIVE LOADS 
When driving inductive or poorly defined loads connect a 
0.01μF capacitor between IOUT and GND. This will ensure 
stability with loads beyond 50mH. There is no maximum 
capacitance limit. The capacitive component of the load may 
cause slower settling, though this may be masked by the settling 
time of the AD5422. 

TRANSIENT VOLTAGE PROTECTION 
The AD5750 contains ESD protection diodes which prevent 
damage from normal handling. The industrial control 
environment can, however, subject I/O circuits to much higher 
transients. In order to protect the AD5750 from excessively high 
voltage transients , external power diodes and a surge current 
limiting resistor may be required, as shown in Figure 15. The 
constraint on the resistor value is that during normal operation 
the output level at IOUT must remain within its voltage 
compliance limit of AVDD – 2.0V and the two protection diodes 
and resistor must have appropriate power ratings. 

 

IOUT

AVDD

RP

RLOAD

AVDD

AD5750

AVSS  
Figure 15. Output Transient Voltage Protection 

LAYOUT GUIDELINES 
In any circuit where accuracy is important, careful consideration 
of the power supply and ground return layout helps to ensure 
the rated performance. The printed circuit board on which the 
AD5750 is mounted should be designed so that the AD5750 lies 
on the analog plane. 

The AD5750 should have ample supply bypassing of 10 μF in 
parallel with 0.1 μF on each supply located as close to the 
package as possible, ideally right up against the device. The 10 
μF capacitors are the tantalum bead type. The 0.1 μF capacitor 
should have low effective series resistance (ESR) and low 
effective series inductance (ESI) such as the common ceramic 
types, which provide a low impedance path to ground at high 
frequencies to handle transient currents due to internal logic 
switching.  

The power supply lines of the AD5750 should use as large a 
trace as possible to provide low impedance paths and reduce the 
effects of glitches on the power supply line. Fast switching 
signals such as clocks should be shielded with digital ground to 
avoid radiating noise to other parts of the board and should 
never be run near the reference inputs. A ground line routed 
between the SDIN and SCLK lines helps reduce crosstalk 
between them (not required on a multilayer board that has a 

separate ground plane, but separating the lines helps). It is 
essential to minimize noise on the REFIN line.  

Avoid crossover of digital and analog signals. Traces on 
opposite sides of the board should run at right angles to each 
other. This reduces the effects of feed through the board. A 
microstrip technique is by far the best, but not always possible 
with a double-sided board. In this technique, the component 
side of the board is dedicated to ground plane, while signal 
traces are placed on the solder side. 

 

THERMAL CONSIDERATIONS 
It is important to understand the effects of power dissipation on 
package and how it affects junction temperature. The internal 
junction temperature should not exceed 125 oc. The power 
dissipation can be calculated as the sum of the power due to the 
quiescent current flowing in the part and the power due to output 
loading conditions.  

For the AD5750, the  quiescent current is typically 4.5 mA. 
Assuming AVDD/AVSS supplies are set to +/-15v the power 
consumption due to the quiescent current is: 

 Power Dissipation = 15v*4.5ma = 0.0675W.  

With the current output channel selected, the maximum power 
dissipation will occur when the maximum current output ( 
24ma)  drives into a zero ohm external load. The power 
dissipation under these conditions can be calculated as: 

 Power Dissipation = 15V * 24ma = 0.36 W.  

The total power dissipation can then be calculated as the sum of 
the above two components: 

 Total PD = 0.4275W.  

The effect on die junction temperature due to Power Dissipation 
depends on what package the part is housed in. The AD5750 is 
packaged in a 32 LFCSP 5*5 package. The thermal impedance θJA 

is 28°C/W.  

For the above example, the increase in junction temperature can 
be calculated as: 

 0.4275W * 28°C/W = 11.97 oC.  

Assuming the ambient temperature of the part is 70oC the total 
junction temperature should be ~82oC. .  

In systems where there are many devices on one board, it is often 
useful to provide some heat sinking capability to allow the power 
to dissipate easily. There are a couple of ways to do this.  
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The AD5750 has an exposed paddle beneath the device. This 
paddle is connected to the –VSS supply for the part.  For 
optimum performance special considerations should be used 
to design the motherboard and to mount the package. For 
enhanced thermal, electrical, and board level performance, 
the exposed paddle on the bottom of the package is soldered 
to the corresponding thermal land paddle on the PCB. 
Thermal vias are designed into the PCB land paddle area to 
further improve heat dissipation.  

The VSS plane at the device can be increased (as shown above) to 
provide a natural heat sinking effect. This is the method used in 
the AD5750 evaluation board.  

   

GALVANICALLY ISOLATED INTERFACE 
In many process control applications, it is necessary to provide 
an isolation barrier between the controller and the unit being 
controlled to protect and isolate the controlling circuitry from 
any hazardous common-mode voltages that might occur. The 

iCoupler® family of products from Analog Devices provides 
voltage isolation in excess of 2.5 kV. The serial loading structure 
of the AD5750 make it ideal for isolated interfaces because the 
number of interface lines is kept to a minimum. Figure 16 shows 
a 4-channel isolated interface to the AD5750 using an 
ADuM1400. For further information, visit 
http://www.analog.com/icouplers. 

  

ENCODE DECODE

ENCODE DECODE

ENCODE DECODE
VIA

VIB

VIC

VOA

VOB

VOC

ENCODE DECODE
VID VOD

ADuM1400 *Controller

Serial Clock Out

Serial Data Out

SYNC Out

Control out

To SCLK

To SDIN

To SYNC

To CLEAR

*ADDITIONAL PINS OMITTED FOR CLARITY

 
Figure16. Isolated Interface 

MICROPROCESSOR INTERFACING 
Microprocessor interfacing to the AD5750 is via a serial bus that 
uses protocol compatible with microcontrollers and DSP 
processors. The communications channel is a 3-wire 
(minimum) interface consisting of a clock signal, a data signal, 
and a sync signal. The AD5750 require a 16-bit data-word with 
data valid on the falling edge of SCLK. 
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OUTLINE DIMENSIONS 
 

  

  COMPLIANT TO JEDEC STANDARDS MO-220-VHHD-2
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0.20 REF

0.80 MAX
0.65 TYP

0.05 MAX
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12° MAX
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0.80
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1
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8
9
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24
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17
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0.40
0.30
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0.50
BSC

PIN 1
INDICATOR

TOP
VIEW

5.00
BSC SQ

4.75
BSC SQ
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3.10 SQ
2.95

PIN 1
INDICATOR

0.60 MAX
0.60 MAX
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EXPOSED
PAD

(BOTTOM VIEW)

 
Figure 17. 32-Lead Lead Frame Chip Scale Package 

(CP-32-2) 
Dimensions shown in millimeters 

 

ORDERING GUIDE 
Model  TUE Accuracy  Analog Input 

Range 
Ext Ref Temperature 

Range 
Package 
Description  

Package 
Option  

AD5750ACPZ 
AD5750BCPZ 
AD5750ACPZ-1 
AD5750BCPZ-1 
 
 

0.3 % 
0.1% 
0.3 % 
0.1% 

0-4.096v 
0-4.096v 
0-2.5v 
0-2.5v 

4.096v 
4.096v 
1.25v 
1.25v 

-40°C to 105°C 
-40°C to 105°C 
-40°C to 105°C 
-40°C to 105°C 
 

32 Lead LFCSP 
32 Lead LFCSP 
32 Lead LFCSP 
32 Lead LFCSP 

CP-32-2 
CP-32-2 
CP-32-2 
CP-32-2 

 

 

 

  


