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Introduction

The MAXREFDES185%# reference design provides the following functions on a universal IO
(U10O), 4-way terminal block (J12):

® Precision Analog Voltage Output, 0 to 10V (+25% overrange)
® Precision Analog Current Output, 0 to 20mA (+25% overrange)
® Precision Analog Voltage Input, 0 to 10V (+25% overrange)

® Precision Analog Current Input, 0 to 20mA (+25% overrange)
e Digital Input, Type 1, Type 2 or Type 3

e Digital Output, 500mA current limit setting

® Precision Temperature Measurement, (external PT100/PT1000/Thermocouple Type K)

This Quick Start Guide will explain how to:
® Power-up the board
e Perform a fully automated calibration
® Measure/source in each mode

® Monitor channels

Required Equipment

Supplied by Maxim Integrated
o MAXREFDES185# with a 24V AC-to-DC power adapter

User Supplied
o MAXREFDES185# GUI software (free download)

® Windows® 10 PC with a USB port
e USB2PMB2# USB adapter with USB Cable

e Digital multimeter (at least 6.5-digit DMM is recommended if the user wants to measure
precision signals to correlate with 24-bit ADCs on MAXREFDES185#)

Setup Procedure

Initial Power-Up
1. Connect a 24V barrel-connector supply to MAXREFDES185# (Figure 1).
2. Connect USB2PMB2# to MAXREFDES185#.
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3. Power up the 24V supply.
4. Connect the USB cable between the PC and the USB2PMB2#.

o)
=

Figure 1. 24V barrel-connector supply to MAXREFDES 185#.

5. Once connected, your setup should look like Figure 2.

Figure 2. USB cable between the PC and the USB2PMB2#.
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6. Open the MAXREFDES185# GUI (Figure 3).

@ MAXREFDES185 GUI 1 Channel True Universal 10 - [m] x

File  Options  Help

ersall0 | Analog Input
Setup Blockdiagram
CI0 Mode Mot Setup
DAC ) [ Aop Bt
/ _,_,_l = AON
— -
AL
- oh =500
Autocal MAX22000 - \';‘ >
A2
Supply Voltages ¢

ADD ’J 12
( 2 @

HVDDO (Adj.) 19,03 Al3
HVSS  HUSSO Measure
ADC - I Als &
<__PGA Jlmd
— Al p
*Simplified Black Diagram, MAX22000 has additional features not shown here f«fg,
Status: Munich 2 - USB <-> PMOD Adapt Connected GUI'V: 0.62 Connected

Figure 3. MAXREFDES185# GUI.

7. Observe that the Status says Munich 2 -USB <-> PMOD Adapt Connected. Confirm the
supply voltages measure: AVDD approximately 3.3V, HVDDO (Adj.) between 4.2V and
19V depending upon the mode, and HVSS/HVSSO approximately -2.5V.
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Fully Automated Calibration

The ADC and the DAC in the MAX22000 need a two-point (gain and offset) calibration (Figure
4). Note the MAXREFDES185# board does not have onboard nonvolatile memory to store the
calibration.

The MAX22005 is factory-calibrated and can accurately measure voltage. This means the
MAX22000 DAC can produce a voltage at two points and can accurately measure the exact
voltage from the DAC. It calculates gain and offset error this way. For detailed information, refer
to the MAX22000 datasheet

A ouTPUT CODE

IDEAL TRANSFER ,
CHARACTERISTIC A~

e R e

INPUT VOLTAGE

Figure 4. Two-point calibration of MAX22000.

Using the appropriate full-scale range voltage, calculate the gain and offset as:

GAIN:1.5><%

1~ V2

[ 223 jXVFS

OFFSET =Cp-—2 « V2 523
GAIN  Vgg

This entire process is implemented as an automated calibration in the MAXREFDES185# GUI.
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8. Ensure CIO mode is set to “Not Setup”, then click Autocal. A new window will appear and
allow the user to select specific calibrations to go through.

9. To calibrate everything, leave all checkboxes checked. Click the button, “Do a Fully
automated Calibration”.

10. A message box will appear (Figure 5) indicating that the SNS+ and SNS- pins (J12 pin 2
and pin 3) need to be connected to the DAC and GND. The easiest way to do this is by
closing JP1 and JP2 with shunts.

UNIVERSAL IO TERMINAL BLOCK

|
| .
' |
| s
: |
UTo PN I . LUAIO / DIO |
! Pl I
1 :
. 0 3 |
I O 112 .
i 1935187 |
—_— ! PECEZEAAN SNS+ X
ULo PINZ —e ; s |
i l——3 — [
. SNS- |_——0 [
U0 _PIN3 4 |
— O .
. P2 |
| .
20 |
e |
UTO PN | PECEZSAAN GMND _ |
*
Please naote,
For voltage calibration of the Sense Inputs we need to short:
H2-Pin1 to J12-Pin2 (UIO_PIN1 to UIO_PIN2) AND
1N2-Pin3 to J12.Pind (UID_PIN3 to UIO_PIN4g)
l.e. place a Jumper on JP1 and JP2,
Disconnect anything else from J12, anything else connected to the pins
on J12 may disturb the calibration procedure and affect accuracy.

Figure 5. MAXREFDES185 |0 terminal block.

11. Close the jumpers JP1 and JP2 (Figure 6), making sure nothing else is connected that
could affect the measurement, and click OK.
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Figure 6. JP1 and JP2 closed.

12. The DAC will now generate a nominal 10V and a nominal 100mV DC, which will be
sampled by the MAX22005. The correct voltages measured by MAX22005 will differ
slightly. The GUI will calculate the appropriate gain and offset error including the
coefficients that need to be sent to the DAC. A log of the procedure with the measurements
and the results is shown in the Autocal Window (Figure 7).

Calibrating DAC. Please wait... The measurements take a few seconds.

Calibrating DAC high-point {nominal 10,00004V)

Measured MAX22005 A3 SE: 10,1365, using this as the reference (factory calibrated)
Calibrating DAC low-point (nominal 0,10004V)

Measured MAX22005 AI3 SE: 0,0044, using this as the reference (factory calibrated)
Results:

Weout DAC gain 0,9770958597

DAC offset 0,0980V

DAC-Gain Coefficient 0x00fa22c0

DAC-Offset Coefficient 0x0000fac0V

DAC calibration written!

Figure 7. Autocal Window procedure log.

13. Once this is complete, the DAC is calibrated and can produce accurate voltages, and with
its high linearity, even low voltages will be still accurate. The DAC will now be used as the
reference for the ADC high-voltage and low-voltage ranges.

14. For the 0 to 10V range, the DAC will again produce 10V nominal and -100mV nominal and
will measure the MAX22000 ADC result and calculate gain and offset error (Figure 8).
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Calibrating ADC High-Voltage ranges. Please wait... The measurements take a few
seconds.

Results:

Voltage Input High Measurement @10.000% : 10,1235
Voltage Input low Measurement (@-0.1V - 01014
Al3 Gain  error: 14817

Al3 Offset error: 246493

Results:

Voltage Input High Measurement @10.000% - 10,1205
Voltage Input low Measurement (@-0.1% - 0,1008
AlS/6 Gain  error: 1.4821

AlS/6 Offset error: -65,6776

Figure 8. MAX22000 ADC Calibration Window procedure log.

15. The same procedure is completed for the PGA ranges in the MAX22000 (Al5 and Al6).

16. Once the voltage calibration is finished, the GUI asks the user to remove the jumpers on
JP1 and JP2 and to short the UIO (pin 1) to GND (pin 4, in order to perform current
calibration). This can be either done on the J12 terminal-block with a short wire or with a
jumper-wire on the jumpers (Figure 9):

Please Short the DAC output to GMD,

l.e, Short UIO_PIMT to UIO_PIN4 (J12-Pin1 to J12-Pind)

Also, please make sure to remove the short between UIO_Pin1-2 and
UIQ_pin3-4.

Figure 9. Short output.
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17. The MAX22000 DAC will produce a nominal 20mA, which will be measured by the
MAX22000 ADC followed by a nominal 100uA. The GUI will calculate the gain and offset
errors as well as the DAC calibration coefficients and write them to the MAX22000 DAC.

18. Once this is done, the DAC can produce accurate currents.

19. Next, the DAC will be used to calibrate the MAX22000 ADC input for the current
measurement.

20. This entire procedure takes a couple of seconds and once it is finished, the user can close
the Autocal Window.

21. The calibration coefficients will be saved to the user's PC with the GUI settings. If the same
board is used, it will not need to be calibrated the next time the GUI is opened. If you use
a different MAXREFDES185# board or a different PC, you must run Autocal every time.
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How to Measure/Source in Each Mode

The main tab in the GUI is the Universal IO tab, which has a CIO Mode drop-down menu
(Figure 10) for the user to select the desired mode of operation for the MAX22000 and
MAX14914A.

Setup
CIO Mode Mot Setup v
Mot Setup
Voltage Cutput
Current Cutput

Digital Output

Voltage Input

Current Input

Digital Input

RTD Measurement
Thermocouple Measurement

Autocal

Figure 10. CIO Mode drop-down menu.

22. Voltage Output: The GUI will show how both the DAC is driving the voltage and the
feedback is driving the voltage at the pin on J12 (Figure 11). Enter any voltage between
OV and 10V.

(@ MAXREFDES185 GUI 1 Channel True Universal 10 - a X
Eile Qptions  Help

Universal 10 | Analog Input

Setup Blackdiagram
CIO Mode Voltage Output
DAC Il‘\> AOP. Bt
Voltage |10,00004 | v 0x19999 P AON &
All
~ '. <
o CSA > 500
Autocal MAX22000 - s
A2
Supply Voltages
HVDDO (Adj) [14,19 i . A3 2
HVSS / HVSSO Measure
ADC s ) | AlS (5
< PGA J Load
g - AlG =
*simplified Block Diagram, MAX22000 has additional features not shown here L/—’_Q

Figure 11. CIO Mode voltage output.
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Measure the voltage on J12 Pin 1 to Pin 4 with a precision voltmeter (6.5 digits or higher)
it should be within £1mV.

23. Current Output: The GUI (Figure 12) will show how both the DAC is driving the current
and the feedback is reading current into J12. Enter any current between Oand 20mA.

@ MAXREFDES185 GUI 1 Channel True Universal 10 - o x
File  Options  Help
Universal 10 | Analog Input

Setup Blockdiagram

CIO Mode Current Output

DAC l“\> AQP b
Current [0,00019 | mA  [0x00000 j_l/ AON <
Al
: &
csn >500
Autocal MAX22000 - b
AR
Supply Votiages
AIDD H %
gy - -
HVDDO (Adj) [19,03 | a3 &
HYSS / HVSSO Measure
ADC ‘ AIS \7
< PGA JL d
-~ Alb y
*Simplified Block Diagram, MAX22000 has additional features not shown here 1_——.’3

Figure 12. CIO Mode current output.

Connect a load resistor (< 500Q2) in series with a current meter, or short the output straight
with a current meter, the current should be accurate within £5pA.

24. Digital Output: The MAX14914A digital output (Figure 13) is set to limit the current to
500mA. It allows either high-side switching or push-pull switching, including support for
inductive loads with a SafeDemag™ feature that provides fast and safe magnetic
discharge of unlimited inductive loads.
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(@ MAXREFDES185 GUI 1 Channel True Universal 10 - a X
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2
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Figure 13. CIO Mode digital output.

To drive the output high, set the setting to “1 — High” using the drop-down menu. Connect
a load between pin 1 and pin 4 of J12 and switch it on and off.

For push-pull mode, flip the switch to “DO Mode”, then the MAX14914A will drive the DO
pin to GND if it is set to “O — Low” (Figure 14).

Setting 0-Low v
D0 Mode
T _)Push Pull

Figure 14. DO Mode.

25. Voltage Input: In voltage input mode, the MAX22000 measures the voltage between J12's
pin 1 and pin 4. Apply a voltage and observe that the correct voltage is shown for
“‘Reading” (Figure 15).
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Setup

CI0 Mode Voltage Input -

Reading (500005 |V 0x333352

Autocal

Figure 15. CIO Mode voltage input.

26. Current Input: Drive a current into pin 1 on J12 and observe that the reading shows the
correct value (Figure 16).

Setup
ClO Mode Current Input "
Reading |9,999497 mA 0x33332A
Autocal

Figure 16. CIO Mode current input.

In normal mode, the current input acts like a 50Q shunt resistor to GND and current driven
with an external source is measured. However, it is also possible to connect a 4-20mA
sensor directly between J12 pin 1 and pin 4. In this case, the UIO pin will provide the
sensor supply of 19V. To enable this mode, toggle the switch to enable the sensor supply
(Figure 17).
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Setup Setup

10 Mode Current Input v 10 Mode Current Input v
Reading [21,14238 |mA  |0x6C3FBE Reading [-0.00038 |mA  |OxFFFFTF
Autocal Autocal
Supply Voltages Supply Voltages
HVDDO (Ad].) [18,84 HVDDO (Ad].) 18,84
HVSS [ HVSS0 Measure HVSS / HVSSO Measure
Driving to +0V for external sourcing () Providing V+1o Sensor, please connect a 2-Wire sensor

Figure 17. Sensor supply.

27. Digital Input: In digital input mode, the voltage between J12 pin 1 and pin 4 is evaluated
according to IEC 61131-2 digital input standard utilizing MAX14914A. If the voltage is
above the threshold, the “Reading” will show “High”. If the voltage is below the threshold,
the “Reading” will show “Low”. The DI type can be selected between “Type 1/3” or “Type
2” using the switch “DI Type” (Figure 18).

Setup Setup
CIO Mode Digital Input v ClO Mode Digital Input v
DI Type Dl Type
Type 1/3 ‘: I Type 2
Autocal Autocal

Figure 18. Digital Input type selection.
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28. RTD Measurement: RTD measurement allows a PT100 or PT1000 temperature sensor
to be used. The MAX22000 DAC output to J12 Pin 1 drives current through the sensor to
GND (J12 Pin 4). The voltage is measured using the SNS+ and SNS- inputs, J12 Pin 2
and Pin 3. For this mode of operation, remove any shunts on JP1 and JP2 (Figure 19).

@) MAXREFDES125 GUI 1 Channel True Universal 10 — a X
File Options Help

Universal 10 | Analog Input

Setup Blockdiagram
CIO Made RTD Measurement
DAC ' AQP Bt
> AON @
Reading 54885 |mv  [0x1C19D5 — )
Temperature |25,03 C PT100 v
AL
>
1 < 500
Autocal MAX22000 <
A2
Supply Voltages
ADD - H 112
HYDDO (Adi) =y 3 2
HVSS IHVSSO Measure I
ADC Ay &
j P
4 ZRTD
Al o <
*Simplified Block Diagram, MAX22000 has additional features not shown here l——:_c

Figure 19. RTD measurement.

29. The GUI will display the voltage as well as the calculated temperature (Figure 20). The
drop-down menu allows the user to select between PT100 and PT1000 sensors.

Setup
ClO Mode RTD Measurement v
Reading |54 885 my 0x1C18DD
Temperature |2503 “C PT100 v
Autocal

Figure 20. Close up of RTD measurement.
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30. Thermocouple Measurement: In this mode, the temperature can be measured using a
thermocouple Type K sensor (Figure 21). The GUI will display the voltage between the
SNS+ and SNS- inputs (J12 Pin 2 and Pin 3). For this mode of operation, remove any
shunts on JP1 and JP2.

Setup Blockdiagram

CIO Mode Thermacouple Measurement v

DAC > S — AOP o+
Reading|-0092  |mv  |0xFFF3E4 / P AON =
Temperature 25,18 C - AlL
Tt <
MAX22000 < _G5A <
c

# Meas. PT1000 -
CJ Temperature | 30,65 Manual
Autocal ADC
Supply Voltages
HVDDO (Adj) [19,03 MAX22005
HVSS / HYSSO Measure
AVDD
ADC Ald
>
4.75k0 :: F IIj)D[Hm((]\[J
AlS > unction
compensation

is mounted

PT1000
*Simplified Block Diagram, MAX22000/5 has additional features not shown here i next o /12

Figure 21. Thermocouple measurement.

31. The GUI also measures the terminal block temperature (cold junction temperature or CJ)
using a PT1000 sensor, which is placed under the terminal-block J12. To measure the
PT1000 temperature, the MAX22005 measures both the voltage AVDD (Al4) and the
voltage across the PT1000 (AI5). It then calculates the current (I = V/R). Knowing the
current and the voltage across the PT1000 sensor allows the GUI to evaluate the
temperature. The CJ temperature and the TC voltage is used to calculate the real
temperature at the thermocouple temperature sensor. This temperature is displayed in the
GUI as well. The CJ temperature can also be entered manually (i.e., no automated CJ
measurement) by selecting the “Manual” radio button.

Monitoring Channels

32. Analog Input Tab: This tab measures all voltages and currents on the Universal 1O (J12)
and displays them. There are two independent measurements, the upper three
measurements by MAX22000, and the lower three measurements by MAX22005
(monitoring the primary device, MAX22000).

33. For example, connect a 1kQ load between J12 pin 1 and pin 3. From the Universal |O tab,
set the voltage output mode to 10V.

34. Next, go to the Analog Input tab and click the “Read All” button (Figure 22). If the jumpers
JP1 and JP2 are closed, then all voltages should show 10.000V and the current should
show 10mA.
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35. This demonstrates the high accuracy of MAX22005 and how it closely correlates to the
MAX22000 readings.

ADC

MAXZ22000 Measurement

Fin1 (10,00000

Pin2-3 |9,99977

Current |10,14883

W
W

maA

MAXZ22005 Measurement

Pin1 |9,99999

Pin2-3 |10,00023

Current |10,03301

Figure 22. Analog Input tab.
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W
W

mA

'
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Hex-Value
(xGE6669

(x3332E5H

0x33F7B9

Ox667012
0x33385C

0x029145

Read All

+-25V
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