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DEVICES LTC2986/LTM2985DSM
LTC2986, LTC2986-1 und LTM2985
Demo Software Manudl

DESCRIPTION

The LTC®2986 demo software is designed to help con-
figure, program and run the LTC2986 (LTC2986-1) and
LTIM®2985. It can configure, save the configuration, check
forconfigurationerrors, run, outputthe conversion results
into a text file, and create Linduino-ready C code based
on the configuration.

The software can be used by itself, or used in conjunction
with the DC2508 (LTC2986 demo hoard, included in

DC2531) or DC2618 (LTC2986-1 demo hoard, included
in DC2608) or DC2872 (LTM2985 demo hoard) or demo
circuits. For more information about these circuits,
please see

DC2531A

DC2608A

DC2872A

All registered trademarks and trademarks are the property of their respective owners.

INSTALLING THE PROGRAM

The LTC2986/LTM2985 demo software can be installed
either through QuikEval™ or manually.

QuikEval provides a single interface that installs and
launches the appropriate demo software based on the
hardware connected to the computer. However, QuikEval
requires connected demo hardware (DG2508/DC2618/
DC2872A) to install or run.

A manualinstall and/or launch, by contrast, works with or
without any of the accompanying demo hardware.

To install through QuikEval, follow the steps below:

1. Obtain the DC2508/DC2618/DC2872A demo circuit,
one sensor-specific demo circuit (DC2210, DC2211,
DC2212, DC2213 or DG2214), and a DC2026 Linduino
demo board.

2. Before connecting the hardware to the computer, install
the latest version of the QuikEval software. This can be
downloaded here.

3. Connect the hardware together. Connect the DC2508/
DC2618/DC2872A to the DC2026 using the supplied
14-conductorribbon cable. Connectthe sensor-specific
democircuitdirectlytothe DG2508/DC2618 demo board
through the 40-pin connector. Connect the DC2026 to
the computer using a standard USB cable.

4. Launch the QuikEval software. The LTC2986/LTM2985
demonstration software will installand launch automati-
cally.

To launch through QuikEval, repeat steps 3 to 4 above.
To install manually, follow the steps below.

1. Download the demo software files from https://www.
analog.com/en/products/Itc2986.html#product-re-
quirement and https://www.analog.com/en/products/
[tm2985.html#product-requirement.

2. Right click the file and choose “Extract All.” Choose a
suitable location for the extraction folder, and check the
“Show extracted files when complete” check box. Click
“Extract” to extract the files.

3. In the extracted folder, double-click the .msi file and
follow the prompts to install the LTC2986/LTM2985
QuikEval module.

4. Inthe extracted folder, double-click the file CDM20824_
Setup.exe to install the USB drivers. (Note: If you are
sure that you have up-to-date FTDI drivers, you can
skip this step.)

To launch manually, from the Start menu, select “Analog

Devices” — “LTC2986” or “LTM2985.”

Regardless of the installation method, the user can later
launch the program manually or, if installed, through
QuikEval.
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LTC2986/LTM2985DSM

QUICK START PROCEDURE

When the program is started, a screen similar to Figure 1

appears.

There are menus for Configuration, Evaluation, C code
generation, and Help. Moving the mouse pointer over the

button's function.

-

Ibj LTC2986 Demo = [ B [ |
Configuration Evaluate C code Settings  Help
jHH <« &8 +
(7 LINEAR LTC2986 TESTBENCH
TECHNOLOGY
Use Sensor Edit Out {(uV, ohm} Out (Deg C) Status byte

E-ch I |:]

EHchz2 ) |—\

B chs - [

EHcha < |_|

BEHchs T |:]

EHche ) |—\

B ch7 - [

EHchs < |_|

EHcho T |:]

EHchi1o ) |—\
S

com

Figure 1. Main Screen

toolbar buttons will show a mouseover box describing the

Thereisalso alog window, which can give useful informa-
tion (particularly with unexpected events).
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CONFIGURING THE LTC2986/LTM2985

The user can either create a new configuration or load an
existing configuration.

Creating a New Configuration

In this example, the LTC2986/LTM2985 will be configured
for a thermocouple on Channel 3 with a RTD PT-100 cold
junction on Channel 9, using a sense resistor on Channel
7. When this example is finished, the configuration should
look like Figure 2.

Additionally, the type K thermocouple on Channel 3 will
use the LTC2986/LTM2985's open circuit checking fea-
ture, with an open circuit detect current of 100pA. The
RTD PT-100 on Channel 9 will use an American standard.
It will also use a 4-wire configuration, without rotation or
sharing, and will use 100pA excitation current. The sense
resistor for this specific daughter board was measured
precisely at 1999.1Q.

Tosetupthis configuration, firstadd a Type Kthermocouple
on Channel 3. Click on the Sensor box on Channel 3, and
choose the Type K thermocouple, shown in Figure 3.

Use Sensor Edit Out (uV, ohm) Out (deg C) Slatlus byte
EHcn 23] | |
EHcn2 <=l | |
gﬁ'gimgv_g‘d"ﬁ | Type K ThermocoLple v|| Il | |
Mjcn | |
EHchs | |
e | ——
Ch7 Sense Resistor || |
cha |
|

che RTD PT-100

Figure 2. Desired Configuration, After Setup, with a Thermocouple and RTD Cold Junction
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CONFIGURING THE LTC2986/LTM2985

a checkbox under the “Use” column. If it is checked, the
demo software will make a measurement on this channel

After selecting the thermocouple, the demo software will
draw a thermocouple on Channel 3, shown in Figure 4.
This shows how the thermocouple should be wired to the
LTC2986/LTM2985 (for thermocouples, protection resis-

while it is running.

: : : To remove this device, select the “-” choice (top selection
tors and filter capacitors can also be added). Thereisalso ;. (top
in Figure 3).
[ 18 L7c2086 Demo o e |
Configuration Evaluate C code Settings Help
JHH v aa +
L] TECHNOLOGY
Use Sensor Edit Out (uV, ohm) Out (Deg C) Status byte

EHcn1 - [
EHcke [ [ (]
._Ch3 Type ] Thermocouple -‘ D
| SISTR Type K Thermocouple 7l

Type E Thermocouple -
.—ChS Type N Thermocouple m

Type R Thermocouple T
B chs Type S Thermocouple |:|

Type T Thermocouple
._Ch? TiEeBThermocouEle [_]

Customn Thermocouple .
BEHcne RTD #1410 ; 13
BHchs St ]
Bhcno B0 or-s00 =

5._ COM RTD PT-1000
RTD PT-1000_375
bl
Figure 3. Selecting the Type K Thermocouple
R - | | |
cha [Tpe b Thermacalple || || |
EUkI - | | |
Figure 4. Display After Thermocouple Is Selected
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CONFIGURING THE LTC2986/L.TM2985

To configure the thermocouple, click the corresponding
“Edit” button to the right on Channel 3. The dialog in
Figure 5 willappear. Change the choices to match Figure 5.

In this case, the cold junction sensor is on Channel 9, the
thermocouple measurement is single-ended, open-circuit
detection is generated by the LTC2986/LTM2985, and the
open detect current is 100pA.

AT ch 3 Thermocouple Configuration

Walue

When satisfied with the changes, click “Accept Changes.”

Note thatthe channelassignment data, shownatthe bottom
of the window, has updated. This channel assignment is
the 32-bit word that is sent into the memory location for
the given channel in order to configure it. This is shown
in Figure 6.

Close this dialog box.

Change to

te - cold junction ch ‘

| [chs |v]

tc - differental? ‘ Mo

Cancel

||NO v|

te - open ckt detect? ‘ Mo

||Yes v|

te - open ckt detect current ‘ 100U

| [ 10008 |v]

Channel assignment \ 0001000000 1000000000000000000000 |

Figure 5. Changing the Thermocouple Configuration

1Y ch 3 Thermocouple Configuration

Walue

Change to

te - cold junction ch | cha

| [che |v]

e - differential? | Mo

HNO v|

te - open ckt detect? | as

HYes v|

tc - open cki detect current | 10004,

| [ 10008 |+]

Charnel assignment | 00010010011 101000000000000000000 |

Figure 6. Configuration Screen After “Accept Changes” Button Is Pressed
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CONFIGURING THE LTC2986/LTM2985

Next, add a cold junction sensor on Channel 9. Similar ~ box on Channel 9, and select the RTD PT-100. The screen
to how the thermocouple was selected, go to the Sensor  should now look like Figure 7.

-

Mij LTC2986 Demo SEEETT
Configuration Evaluate C code Settings  Help
JHHd <« &8 ¥
LTC2986 TESTBENCH
ALY LINEAL
Use Sensor Edit Out (uV, ohm) Out (Deg C) Status byte
EHch1 g |:]
EHch:2 3 |_\
W_.—ChB M TypeK Thermocouple - |f|
EHch4 - [
EHchs = |:]
EHchs 3 |—\
B @
Chg - [
ﬁ':hg V] rTDPT-100 - |f|
Ch10 - [7]
‘|’—.—COM

Figure 7. Software After RTD Is Selected on Channel 9
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CONFIGURING THE LTC2986/L.TM2985

To configure the RTD, click the Edit button on Channel  The main screen should match Figure 9. The RTD is now
9, and fill the form out as shown in Figure 8. Then click  grounded on Channel 9 (which happens when there is no
Accept Changes. rotation or sharing).

Close this dialog box.

1Y ch 9 RTDI Configuration

Walue Change to Accept
Changes

rtd - rsense channel | ch 7 | ‘ Ch7 |w

rtd - num wires | 4-\fire | ‘ 4-Wyire w |

rtd - excitation mode |N0 rotation/no | ‘ Mo rotation/no sharing |+ |

rtd - excitation current | 10004 | ‘ 100UA |

rtd - standard | American | ‘American V|

Charinel assignment | 011000011110000 1010 1000000000000 |

Figure 8. Configuring the RTD on Channel 9

Use Sensor Edit Out (uV, ohm) Out (deg C) Status hyte

S - 2@ I | |
S @] | | |
3 7] [Type K Thermocoup olal [ [ |
SR - el [ [ |
- @] I I |
|
|
|
|
|

Cold jn:
Chd

|
the |- v 7] I |
th? | V|| || H
ths | v|| || H
the M |RPT-100 "|| | I

SO - “=l | |

Figure 9. Main Screen After RTD Configuration Was Changed

?fﬂ*!!i!?
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CONFIGURING THE LTC2986/LTM2985

Setting Global Parameters

As mentioned in the LTC2986/LTM2985 data sheet, the
temperature unit, rejection frequency, RTD and thermistor
Kelvinmode settings, and delay betweenindividual conver-
sions are adjustable. To change these parameters, in the
menu bar, go to Configuration — Set global parameters.
The dialog box in Figure 10 should appear.

The default values are fine here, so close this box.

Checking The Configuration

To check the configuration, either go to Evaluate — Check
configuration in the menu bar, or press the check mark
button in the toolbar. The demo software then looks like
Figure 11:

-
Global parameters

===

Temperature unit

Rejection frequency

Enable Kelvin 3-Wire RTD Mode?
Enable Kelvin 2-Wire RTD Mode?
Enable Kelvin Thermistor Mode?
Disable -9997

Extra delay between conversions (hundreds

0] 4 I | Cancel

DegC -

S50/e0Hz -

Mo -

ofus)

Figure 10. Configu

ring Global Parameters

Use Sensor

Edit Out (uV, ohm) Out (deg C) Status byte

Cch 1

Ch 2

.

| g

[+ :
W_E_m 3 | Type K ThermocoLple
E-ch4 I-

Blchs

—lchs

ch 7

chs

Configuration Warning

@ * £ sense resistor needs to be on channel 7

che M [rTD PT-100

| Bt
1) |
ol 1T

| — [ RN

Figure 11. Main Screen After Running the Configuration Checker
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CONFIGURING THE LTC2986/L.TM2985

The demo software includes an extensive configuration
checker, which in this case shows that a sense resistor
was never added on Channel 7. To add the sense resis-
tor, select the sense resistor from the Sensor box. Click
the edit button and enter the value of the sense resistor
(1999.1 in this example). The resulting dialog box should
look like Figure 12.

The software rounded 1999.1 to the closest value that can
be represented in the LTC2986/LTM2985's 27-bit format.

Close this dialog and check the configuration again —there
should be a message that no errors were found.

AT ch 7 Sense Resistor Configuration

Walue

Save Configuration

To save this configuration, go to Configuration — Save,
or press the save button, and pick a name for the file
(demo_manuali.cfg). The configuration can now be
opened fromthe menu by selecting configuration — open.

The configuration should look as shown in Figure 13.

Every channelwithadevice is checked, exceptforthe sense
resistor. Every sensor that is checked will be measured,
but since the sense resistor is part of the RTD measure-
ment and is not measured separately, there is no option
to check it.

Change to

semse resistor - valle |1999.099609SE| |1999.0996093E|

Cancel

Channel assignment | 11101000000111110011110001100110 |

Figure 12. Changing the Sense Resistance

[

Use Sensor

Edit Out (uV, ohm) Out (deg C) Status hyte

chi [

Ch 2 |_

Cold jn: ch3 [ | TypeK Thermocouple

Chg :
cha [

'F"i’i’ﬁ?‘

Chs |

I
|

e [

Ch 7 | Serise Resistor

Chg i_

che M [rTDPT-100

|
|
|
|
|
| l
|
|
|

Figure 13. Final Configuration
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Load an Existing Configuration board, from the menubar select Configuration — Load
A number of example configurations, from both the data  EXample — Demo Board — DC2212_THERMOCOUPLE_

sheet and from the demo boards, are also available. For  SOARD- The circuit in Figure 14 will load.
example, to load the configuration for the DG2212 demo

rm LTC2986 Demo - DC2212 THERMOCOUPLE_BOARD.cfg )
Configuration Evaluate C code Settings Help
JHH v &g 3
L] TECHNOI OGY
Use Sensor Edit Out {uV, ohm) Out {Deg C) Status byte
EEICZHH: Chl [¥] Type ] Thermocouple ~ (B

Ch2 [¥]  Off-Chip Diode

L]

Cold jn:

Ch3 ¥ TypekTh I
cha ¥pe Ermocouple

L]

Chd W] Off-Chip Diode

4

Ch3 [ Type) Thermacouple
Ché

4

Ch7 Sense Resistor

4

1

Ché

4

Ch9 [  RTDPT-100

L]

Ch10 [V] Type ) Thermocouple
COM

L]

AFesaNaNy

Figure 14. Opening DC2212_THERMOCOUPLE_BOARD.cfg
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CONFIGURING THE LTC2986

Loading The Configuration from a Daughter Board The DC2211 Universal Temperature Measurement board

The demo software has a corresponding configuration is shown at the top right of Figure 15. It includes a sense
resistor and a diode. The measured sense resistance was

for each daughter board. Figure 15 shows such a setup. stored on an EEPROM chip when the DC2211 was tested.

Figure 15. Setup with DC2211 Daughter Board

Note: This section on Loading the Configuration from a Daughter Board only applies to the LTG2986 and LTC2986-1.
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CONFIGURING THE LTC2986

To load the configuration from the daughter board, do
the following:

1) Plug the setup, which should look similar to what is
shown in Figure 15, into a computer.

2) Inthe Configuration menu, select “Load from daughter
board.”

The software will search for the daughter board, find the
appropriate configuration, and load the device values from
the EEPROM. The results of loading the DC2211 daughter
board are shown in Figure 16.

Click on the Ch 2 Edit button to see the loaded value for
the sense resistor.

Refer to the DC2531 and DC2608 demonstration manu-
als for details on interfacing the DC2211 to Thermistors,
RTDs, and Thermocouples.

Use Sensor

Status bhyte

Cchi1 ‘_

Edit Out (uV, ohm) Out {deg C)

Ch2 ‘ Sense Resistor

Ch 3 ‘_
Ch 4 ‘-

Ch 5 ‘

ché | Off-Chip Diode

?%@@@m

Ch7 ‘_

Figure 16. Main Screen After Loading from Daughter Board

Rev A

12


https://www.analog.com/LTC2986?doc=LTC2986-LTM2985DSM.pdf
https://www.analog.com/LTM2985?doc=LTC2986-LTM2985DSM.pdf

LTC2986/LTM2985DSM

RUNNING THE TESTBENCH

To run the program from the menu bar, go to Evaluate —
Run, or press the run button in the toolbar. An example
output for a given configuration is shown in Figure 17.

The LTC2986/LTM2985 demo software continuously
scans and measures the sensors from top to bottom. The
sensor just measured is highlighted. To turn off a sensor,
uncheck the corresponding “use” check box.

Seeing Output Errors

In order to demonstrate the fault reporting capabilities of
the LTGC2986/LTM2985, the DG2212 thermocouple board

is used. Its configuration automatically loaded using the
“Load from Daughter Board” command in the configura-
tion menu. The thermocouple on Channel 1 was removed
from the board. The channel with an error is then shown
in red, as shown in Figure 18. By hovering the mouse
over the status byte, the user can see the corresponding
errors, as shown in the figure.

To stop the run, either go to Evaluate — Stop, or press
the red “x” button on the toolbar. The program will scan
down to the last sensor and then stop.

Use Sensor Edit Out (uV, ohm) Out (deg C) Status byte
Cﬂldjnigv—D-Chl Type J Thermocouple v D -2.522460937¢|[23.55 |looooooo1 |
Ch2 - :
5—|<]—‘|§"Ch 2 off-Chip Diode v [3 0630859375 |[23.81 |loooooo01 |
Ooldjn:w—lﬁ-cm | Type K Thermocouple v D -8.317382812¢|[23.01 |loooooc01 |
Cho :
ﬁf?_H_ﬁ_ ch4 Off-Chip Diode v B 06298828125 |[24.01 |[ooooooo1 |
EHchs v | |
[ [ —
ch7 Sense Resistor v [3 | |
S| @] | |
ch9 M [rTDPT-100 VD 109.19433593][23.25 |[ooooooo1 |
Figure 17. Main Screen When Running the Program
Use Sensor Edit Out (uV, ohm) Out (Deg C) Status byte‘ I
Cold jn:g Ch1 ' [Type ] Thermocouple -] d [2007151.0 | |999.00  [11001011 [Sensor Hard Fault
Ch?2 ;
— . Hard ADC Out-of-Range
—K BHCh2 1 [Off-Chip Diode jd [0.631835937  [25.60 00000001 |g0cor et
ADC Out Of R;
Cold jn: Ch 3 1 [Type K Thermocouple | _I |-35.0507812  [23.66 |o0oo0001 . 2l
Ch9
—K Ch4 1 [off-Chip Diode j_‘ |0.6328125 |25.48 00000001
gv—@—ChS V! [Type J Thermocouple -] _I [0.721679687  0.02 [o0000001
e [ =1 | | |
[[-Ch 7 ISense Resistor = ¢ I I I
e [ =1 | | |
tBHCh 9 71 [RTD PT-100 -] ,| [100.6855468  [24.50 00000001

Figure 18. Main Screen After the Thermocouple on Channel 1 Is Disconnected. While Not
Shown in the Screenshot, the Mouse Is Hovering Over the Channel 1 Status Byte
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RUNNING THE TESTBENCH

Storing the Output

Data can be logged from the TestBench by selecting
Evaluate — Run and save output:

-
LTC2986 Demo - DC2212_THERMOCOUPLE_BOARD.cfg
] C code

Configuration [Evaluate

JH M

Settings Help

Check configuration

Run
Run and save output Llnw

Stop

use Sensor

Cold jn: Chl pe | Thermocouple|
Ch2
Ch2

Ch3 1

Off-Chip Diode

Cold in: Time K Tharmarann I=

Figure 19.

Once selected, the software will ask where to store the
results (Figure 20).

The output filename can also be set here.

After stopping the run, the output file contains all the
results from the run, including the measured voltages or
resistances, temperatures, and status codes. The file is
comma separated, which means the data can be imported
into Excel. A part of this output is shown in Figure 21.

m LTC2986 Demo - DC2212 THERMOCOUPLE_BOARD.cfg

Configuration Eveluate C code Seitings ___ Help

J&j save cutput as... - @

@Uv\jﬁ » Computer » r. Y -

~ [ 49 || Search Computer o]

Organize +

¢ Favorites “ 4 Hard Disk Drives (1)
B Desktop 05 (C)

18 Downloads 2~

& OneDrive

%] Recent Places

369 GB free of 453 GB

4 Devices with Removable Storage (1)
4 Libraries \;ﬂ/ﬂ DVD RW Drive (D)
<] Documents
& Music
[E=] Pictures

B videos

1M Computer
& 050c)

File name:

Save as type: [Comma Separated Values (".csv)

=]

# Hide Folders
Figure 20.
output.csv - Excel
a - f
G H I J K L M M o P Q R 5 T
1]
2 [Ch6{uv) Ch7(uv) Ch8{uv) Ch9{uV) Ch10{uV]Ch1(C) Ch2(C) Ch3{C) ch4(c) Ch5{c}) ch6(C) Ch7{C) ch8(C) Cchac)
3 109.3604 2097151 25.32 25.29 24,02 25.21 -0.01 24.04
4 109.3652 2097151 25.29 25.25 23.98 25.19 1] 24.05
3 109.3623 2097151 25.31 25.27 24.07 25.26 0.01 24.04
output () 4
READY HH

Figure 21. One Part of the output.csv File (Copied Into Excel)
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CREATING C CODE

The LTC2986/LTM2985 demo software can create C code  Toseeanexample, goto Configuration — Open, navigate to

for the configuration in the main screen. This code can  example_config_files,and select DC2211_universal_tem-

be directly loaded into a Linduino (download here) and  perature_measurement_daughter_board.cfg. Then, from

executed. the menu bar, go to C Code — Create C Code and select
an appropriate folder. There should be a message similar
to that shown in Figure 22:

J&j LTC2986 Demo - DC2211_UNIVERSAL_TEMPERATURE_MEASUREMENT_BOARD.cfg = | B B |
Configuration Evaluate C code Settings Help
HH v eo [+
L) TECHNOL OGY
Use Sensor Edit Out {uV, ohm) Qut {Deg C) Status byte
-l g5
Ch2 Sense Resistor - D
E-chs T I:J
EHche - [
B chs =
FH—.— Ché [V] Off-Chip Diode 1 C code generated lé]
s e 3
._Ch? & |_0:| Code is stored in
._ Chs 4| = Ch\Users\tkaplan\Desktop\LTC 2986 =
A 1
BEcho
BEchio = )
Sl com

Figure 22. Main Screen After the “Generate C Code” Toolbar Button Was Pressed
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CREATING C CODE

Navigate to the folder selected, and go into the “LTC2986"
or “LTM2985” folder in order to see a file with a .ino ex-
tension, as well as support functions and configuration

constants. Sample screenshots are shown in Figure 23a
and Figure 23b.

@ LTC2986 | Arduino 1.6.9

File Edit Sketch Tools Help

OO0 BEER

LTC2986

LTC2886_configuration_constants.h

"Wire.h"”
"Linduino.
LT -SPI.hT

h"

UserInterface.h”™
"LT_I2C.h"
"QuikEval EEFROM.h"
"stdio.h"™

"math.h"”

"LTC2986 configuration constants.h”
_support_functions.h"
86_table coeffs.h™
#define CHIP_SELECT QUIKEVAL CS // Chip select pin
// Function prototypes

void configure channels():

void configure_global parameters():

2986

Configure the LIC

LTC2986_support_functions.cpp

LTC2986_support_functions i

m

"DC2

25087

quikeval I2C inic():
quikeval SPI_inic():
quikeval SPI_connect();
pinMode (CHIP_SELECT, OUTPUT): //

the EEER

e the spi port for 4MHz S

I2C port for

ort

main data p

Serial.begin{115200);
print_title():

serial port to the
discover_demo board(demo_name) ;

configure_channels();
configure_global parameters():

select pin on Linduinc

100kHz

nuino Uno

on COM17

Figure 23a. Top Part of Generated C Code
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CREATING C CODE

@ LTC2986 | Arduine 1.6.9

File Edit Sketch Tools Help

LTC20ae | LTC2886_configuration_constants.h | LTC2986_ support functions.cpp.

void configure channels()

{

channel number;
t channel assignment datar

Channel 2:

L —— Assign Sense Resistor
channel assignment data =

SENSOR_TYPE SENSE_RESISICR |

(u 32_t) 0x1F4000 << SENSE_RESISTCR VALUE LSB: s
agsign channel (CHIP SELECT, 2, channel assignment data);
/ Channel &: Off-Chip Diode
channel assignment_data =

SENSOR_TYPE OFF_CHIP DIOLDE |

DIODE_SINGLE_ENLDED |

DIODE_NMUM READINGS 2 |

DIODE_AVERAGING OFF |

DIODE_CURRENT__ 20UA 80UA_160UR |

(u 32_t) 0x100C49 << DIODE_IDEALITY FACTOR LSB;
assign channel (CHIF SELECT, &, channel assignment data);

sense resistor

hssign

void configure global parameters()

{
ff —— Set global parameters
transfer byte (CHIP SELECT, WRITE TO REM, 0xFO, TEMP UNIT_ C |
BEJECTION_ 50_&0_HZ):
/f —— Set any extra delay between conversions (in this case, 0*100us)
transfer_byte (CHIP_SELECT, WRITE TO RRM, OxFF, 0}
1
P s Run the LTC2986f ————-—-——————————————
void loop()
{
measure channel (CHIF SELECT, &, TEMPERAIURE); /f Ch &

1

// diocde - ideality factor(

(=[5 [t
-
- walue: 2000.
eta): 1

Figure 23b. Bottom Part of Generated C Code
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CREATING C CODE

Even without a Linduino, one can get a good idea how
to program the LTC2986/LTM2985 by examining the
generated C code.

C-code for all demonstration boards and each example
shown in the data sheet are included in the Linduino
sketchbook.

However, the file should be ready to load and run on a
Linduino. For further information on how to set up a

Setup error

Linduino, download here. Once user generated C-code is
uploaded into the Linduino, the demonstration software
will no longer run. In order to run the demonstration soft-
ware, the default DC590 code needs to be reloaded into
the Linduino board. This is accomplished by opening the
Arduino IDE, selecting from the sketchbook Utilities —
DC5908B, and uploading to the Linduino (see Figure 25).

@ AnArduno ar Linduino board has been detected without the DCS90 emulator sketch.
Flease load the DCE20 emulator sketch before doing a run.

Figure 24. Warning to Load Original Linduino Code Back in

o3 sketch, jun02a || Arduino 1.0.5
@lEN Edit  Skebch  Tools  Help

Mew Chrl+M
Chrl+D

Open...
Sletchbook

Examples

Close el
Save Chrl45

Save As... ChrH-Shift+5
IJpload Chrl+U

Upload Using Programmer  Chrl+Shift+U

Page Setup Zkrl+3hif+P
Print Chrl+P
Preferences Ctrl+Comma
it Chrl+

Part Number
User Contributed b
LIEjliEies b

]

5906
12C_Address_3can
LT 240 _general_test
Ty Blink.
Serial_EEPROM_Test

Arduino Uno on Z0k40

Figure 25. Reloading DC590 Back Into the Linduino
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E€ERROR ESTIMATION

Noise and errors are an unavoidable part of measuring
sensors. While measuring a RTD temperature with the
LTC2986/LTM2985 family, for example, errors can come
from many sources—from the temperature coefficient
(tempco) of the sense resistor to the INL of an ADC inside
the LTC2986/LTM2985.

It can be difficult to derive system-level error and noise
estimations based on these error sources. The Error Esti-
mator, inside the demo software, helps model these errors.

To see an example, perform the following:
1) Open the Demo Software

2) Open the configuration for the 2212 thermocouple
board. To do this, go to the configuration menu and
do the following:

Configuration — Load example — Demo board —
DC2212_THERMOCOUPLE_BOARD.cfg.

The main screen should look like Figure 26:
3) Edit Channel 9 (The RTD PT-100 thermocouple).

4) Click the “Estimate Errors” button on the right side.

A window (Figure 27) appears. Mouse over the graphs
to see the error contributions of the different error
sources.

Channel 9 Est. RMS Temperature Measurement Errors

= 5.0
E o
- HEE RMS errors - 0.036 C

Estimated RMS Error, C
o
°
S

EEE RMS noise

Estimated RMS Noise, C
o
°
S

—200 ] 200 400 600 800
Sensor Temperature, C
Add

Replot sensor
E errors

Export
errors

sensorTemperature |20 SR =

Ambient Temperature [0 |5 [

Figure 27. Error Estimation Diagram

[: LTC25886 Demo - DC2212_THERMOCOUPLE_BOARD.cfg

LTC2986 Testbench

Configuration Evaluate C code Settings Help
JHH v & /e ¥
g ANALOG
DEVICES
Use Sensor

Edit Out (uV, ohm) Out {Deg C) Status byte

Cold jn:
Ch2

Ch1

&

|T)rpeJThermocoupIe

Ch2

&

| off-Chip Diode

Cold jn:
Chg

Ch3

&

| Type K Thermocouple

Ch4

&

| off-Chip Diode

Chs

&

|T)rpeJThermocoupIe

Ché |

Ch7 | Sense Resistor

Chsg |

Ch9 | RTD PT-100

Ch10 | Type ] Thermocouple

Ccom

AFresoaNe

Figure 26. DC2212 Thermocouple Board Configuration
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€ERROR ESTIMATION

Error Estimation Detail

To better understand the information in Figure 27, it is
useful to know how the error is estimated.

Thetop graphinFigure 27 shows the estimated RMS error.
Togeneratethis graph, the errors are estimated as follows:

1) For each error source that has a data sheet spec (for
example, the INL), the worst-case data sheet spec is used.

2) For each error source without a data sheet spec (for
example, currentsource noise), estimates were informed
by measuring production parts.

3) External components are assumed to contribute zero
errors until the user supplies sensor errors. This will
be discussed in the next section.

4) The error sources are assumed to be uncorrelated and
are added using RMS to generate the total error.

9) Worst-case ambient temperatures are used to gener-
ate these graphs. The user can change the ambient
temperature range.

The bottom graph in Figure 27 shows the RMS noise. To
create this estimate, only ADC noise and current source
noise, where applicable, are considered. The correspond-
ing peak-peak noise is shown on the right.

Mouse over the graph to view more detail on the right for
specific temperatures.

Thetopitem, “Sensortemp”, is the temperature of the main
sensor. For this measurement, it is the RTD temperature.
For a thermocouple measurement, it is the thermocouple
temperature. The sensor temperature range can be set by
the text controls at the bottom of the figure.

The next item, “Ambient temp”, is the temperature of the
ADC and all other external components. In the case of an
RTD measurement, the ADC and sense resistor are at the
ambient temperature. For a thermocouple measurement
with cold junction compensation, the entire cold junction
and ADC are assumed to be at the ambient temperature.

To compute the two graphs, errors are calculated at the
extremes of the ambient temperatures (—40°C and 80°C
here), and the worst-case errors are plotted. The noise

graph is similarly calculated. In this example, an ambient
temperature of 85°C generated both the worst-case noise
and worst-case errorsacross the sensortemperature range.

Below the sensor and ambient temperatures, the display
shows the LTC2986/LTM2985 errors. The LTC2986/
LTM2985 offset, INL, gain, and the tempco of the refer-
ence all can contribute errors. However, because the RTD
measurementis ratiometric, reference inaccuracies cancel
out and do not contribute to the total error. The error
estimator assumes no sensor errors by default; the next
section shows how to add sensor errors.

The sensor temperature and ambient temperature ranges
are changeable at the bottom of the window. For example,
letus assume theambienttemperature will only range from
20°C to 30°C. In the bottom of the window, change the
minimum ambient temperature from —40°C to 20°C, and
change the maximum ambient temperature from 85°C to
30°C. Click the “Replot” button. The display should look
like Figure 30.

Channel 9 Est. RMS Temperature Measurement Errors

Estimated RMS Error, C

. C

Estimated RMS Noise,

Add
Replot sensor
errors

Export

Sensor Temperature [ 200 [SRE =
errors

Ambient Temperature. [ 20 = [ =

Figure 28. Estimated Measurement Errors with A Narrower
Ambient Temperature Range

Adding Sensor Errors

The usercanadd error specifications to sensorsand sense
resistors. To add these errors, click “Add sensor errors”
on the bottom. A worksheet for adding sensor errors ap-
pears (Figure 29). All relevant sensor and sense resistor
errors can be added here.
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E€ERROR ESTIMATION

The first table shows a temperature-error table for the
RTD on Channel 9. Enter the following information as
shown in Figure 29.

L]
CH9 ERROR TABLE: CH 7 ERROR TABLE:
RTD PT-100 SENSE RESISTOR
T Error, C ~ | Choose how to represent errors

1 0 0 25C error and tempco

2 100 1

4

6

7 A

Accept Cancel

Figure 29. Sensor Error Table

Theerrortable for Channel 9in Figure 29 shows an error of
0°Cat0°Candanerrorof1°Cat100°C. The demo software
linearly interpolates between the points, and extrapolates
beyond these points using the slope at the boundary. The
demo software will then interpolate the error to 0.5°C at
50°C and will extrapolate the error to 2°C at 200°C.

Sense resistor specs are oftentimes given as a maximum
error or tolerance at 25°C and tempco in ppm. Enter an
error of 0.5% at 25°C and a tempco of 100ppm, as shown
in Figure 29. To enter a more complex error table, simply
change the selection ontop from “25°C errorand tempco”
to “full error table”. Note that the error table for the sense
resistor lists errors in percent, not degrees C as they are
for other sensors.

Click “Accept” at the bottom to enter this information.
The calculated errors now include RTD and sense resistor
contributions. The errors are replotted and the new errors
are shown in Figure 30.

The errors for each channel will propagate—in other
words, the same sense resistor errors will be used for
every measurement that utilizes the Channel 7 sense
resistor. As an example, Channel 3 has a thermocouple
with the RTD on Channel 9 as its cold junction. Because
the thermocouple measurement accuracy depends on the
cold junction measurement accuracy, errors in the RTD
and sense resistor should be reflected inthe thermocouple
measurement errors.

Channel 9 Est. RMS Temperature Measurement Errors

Sensor temp: 3;
BEE RMS errors |Anbient temp

72986 errors: o,
“0ffset
~INL

Estimated RMS Error, C
o

10 BN RMS noise

Estimated RMS Noise, C
o

-200 ] 200 400 600 800
Sensor Temperature, C

Add
Replot sensor
errors

Sensor Temperature | 200 = [es0 =

Export
errors

Ambient Temperature |20 |SREX &

Figure 30. Measurement Errors with User-Supplied RTD and
Sense Resistor Errors

To test this hypothesis, generate the estimated errors for
Channel 3, using the same procedure used to generate
the Channel 9 error estimates. The graph in Figure 31
should appear:

Channel 3 Est. RMS Temperature Measurement Errors

Sensor temp:
B RMS errors Ambient temp:

LTC2986 errors: §.38 C
“0ffset i
0
«Gain
“Ref tempco
-Curve fitting 0.0
1
1

Estimated RMS Error, C
o

| WEE RMS noise

Sensor temy 1372 €
Ambient ter 30 C

5.065 C
jer  0.065 C
“Re 0.60039 C

LTC2986
+ADC &

Estimated RMS Noise, C
o

—250 o] 250 500 750 1000 1250
Sensor Temperature, C

Add
Replot sensor
Iz errors

Sensor Temperature | 270

Ambient Tempersture |an |: ‘m

Figure 31. Estimated Errors for Channel 3 Thermocouple

As expected, resistor errors on Channel 7 and RTD errors
on Channel 9 contribute to, and in fact dominate, the total
estimated error.
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€ERROR ESTIMATION

It is also notable that there is now an error contribution
from the reference tempco. This contribution occurs be-
cause athermocouple creates a voltage, and the accuracy
of measuring this voltage depends on the accuracy of the
LTG2986/LTM2985’s reference voltage.

Exporting and Saving Error Estimates

The estimated errors can be exported into a .csv file, To
do so, click “Export errors”. To save these errors within
the configuration, click Configuration — Save. The sensor
errors are then stored with the configuration and will be
reloaded the next time the configuration is opened.

CUSTOM SENSORS

Loading In Custom Coefficients and Tables

The LTC2986/LTM2985 demo software allows custom
coefficients forthermocouples, RTDs and thermistors. The
basic method is shown below: Create a new configuration
on the menu by choosing Configuration — New. Select
a custom thermocouple on Channel 7, and click the Edit
button on Channel 7. The form in Figure 33 will open.

The thermocouple form now has three new entries: The
customaddress, the custom length (number of coefficients
-1) and the custom values. The custom address is where
the user wishes to store the thermocouple table, the length
is the length of the data, and the values open a text editor
to input the custom values (Figure 32).

The data has comma-separated x, y values. The x unit is
mV (for thermocouples) and Ohms (for RTDs and therm-
istors). The y unit is always kelvin. The x values must be
monotonically increasing.

The first table entry for thermocouples is the mV value
corresponding to 0 kelvin. The first table entry for RTDs
and thermistors is the temperature corresponding to 0Q
output. This first table entry is used for extrapolation
when readings are below the normal range of the sensor.
The remaining entries are the valid sensor specific data.

In this example a custom thermocouple is used. The first
entry —10mV, 0 kelvin is the point used for extrapola-
tion of data below the first valid data point (100mV, 199

Custom values

45,0
0,273.15
10,380
20,510

Figure 32. Custom Value Editor
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CUSTOM SENSORS

kelvin). The valid data consists of three table entries.
Combined with the extrapolation point, four pairs of
data are entered into the device. The value for tc—custom
length—1 should be 3 in this example (length-1). If the

LT Ch 7 Custom Thermocouple Configuration 1

user inputs an incorrect number this results in an error
(see Figure 34). Once the correct length is entered and
Accept Changes is clicked, the LTC2986/LTM2985 is
programmed with the custom table data.

Change to

[

o =]

[No =]

[10uA  ¥]

Value
tc - cold junction ch I -
tc - differential? I No
tc - open ckt detect? I No
tc - open ckt detect current I 10uA
tc - custom address I 0

o

tc - custom length-1 I

tc - custom values I (0 values) J

o

Channel assignment I 01001000001000000000000000000

Figure 33. Configuring a Custom Thermocouple. The Window Is Similar When a Custom RTD or Thermistor Is Selected

A7 ch 7 Custom Thermocouple Configuration

Vale

Change to

te - cold junction ch |
te - differental? |

tc - open ckt detect? |

¥ |

tic - open ckt detect current |

fo - custom address |

fc - custom length-1 |

Channel assignment | 9100100600 1000000000000000A00000 |

\ i ) tc-custom length-1: tc - custom length-1 set to 4, but shce the table length i34, te - custom length-1 should be 3

Figure 34. Error Message When Choosing the Wrong Custom Length

Rev A

23


https://www.analog.com/LTC2986?doc=LTC2986-LTM2985DSM.pdf
https://www.analog.com/LTM2985?doc=LTC2986-LTM2985DSM.pdf

LTC2986/LTM2985DSM

CUSTOM SENSORS

A Thermistor Custom Steinhart-Hart table file should  As was the case before, the LTC2986/LTM2985 can cre-
look like Figure 35. There are always six Steinhart-Hart  ate C code for this configuration, including the custom

coefficients to enter, from A through F. coefficients. This code can be directly loaded into a
Linduino and run.
x|
1.032e-3 =]
2.387e-4
0
1.58e-7
0
0
=
0K Cancel |

Figure 35. Entering Custom Steinhart-Hart Coefficients
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LTC2986-1/LTM2985: USING THE €EPROM

The LTC2986-1and LTM2985 allow the user to easily load
and save configuration datainto its EEPROM. To show this
feature in action, do the following:

1) Choose a demo board from the configuration: for ex-
ample, “Configuration” — “Load example” — “Demo
board” — “DC2212_THERMOCOUPLE_BOARD.cfg.”
The screen will look like that in Figure 36.

Use Sensor Edit Out {uV, ohm} Out (Deg C) Status byte
Eﬁgjn: Chl [¥| Type ) Thermocouple , |:|
Ch2 [@  Of-Chip Diode - ]
Eﬁgjn: Ch3 ¥ TypeK Thermocouple - |:|
Chd [  Off-Chip Diode - []
W_._Ch5 41 Type) Thermocouple x, |_|
{::Chﬁ - [
1 Ch7 Sense Resistor Bt |_|
&I} cns - [&]
%&-—Chg 7| RTDPT-100 -]
gv—.—thlﬂ [+ Type ] Thermocouple > |_|
Figure 36. Thermocouple Board Configuration
USING THE €EPROM

2) Attach the setup as shown in Figure 15 into a computer.
For this exercise, a daughter board is not needed.

3) Load the configuration into EEPROM: Go to “Configu-
ration” — “EEPROM” — “Load into EEPROM.” The
message in Figure 37 appears if everything worked
correctly.

EEPROM communications success e e
.0. Data was successfully loaded into EEPROM
|

Figure 37. Message Showing Successful Load into EEPROM

4) Go to “Configuration” — “New.” The configuration
should now be empty.

5) Letthe LTG2986-1/LTM2985 go through a power cycle
by unplugging and replugging in the USB connection
to the DG2026 Linduino demo board.

Load the EEPROM back into the LTC2986-1/LTM2985
by going to “Configuration” — “EEPROM” — “Retrieve
from EEPROM.” After a successful operation, the original
configuration in Figure 36 will reappear, and the software
shows the message in Figure 38.

eS|

EEPROM communications success

.jo:. Data was successfully retrieved from EEPROM

Figure 38. Message Showing Successful Retrieval from EEPROM
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ESD Caution
‘2 \ ESD (electrostatic discharge) sensitive device. Charged devices and circuit boards can discharge without detection. Although this product features patented or proprietary protection
circuitry, damage may occur on devices subjected to high energy ESD. Therefore, proper ESD precautions should be taken to avoid performance degradation or loss of functionality.

Legal Terms and Conditions

By using the evaluation board discussed herein (together with any tools, components documentation or support materials, the “Evaluation Board”), you are agreeing to be bound by the terms and
conditions set forth below (“Agreement”) unless you have purchased the Evaluation Board, in which case the Analog Devices Standard Terms and Conditions of Sale shall govern. Do not use the Evaluation
Board until you have read and agreed to the Agreement. Your use of the Evaluation Board shall signify your acceptance of the Agreement. This Agreement is made by and between you (“Customer”)
and Analog Devices, Inc. (“ADI”), with its principal place of business at One Technology Way, Norwood, MA 02062, USA. Subject to the terms and conditions of the Agreement, ADI hereby grants to
Customer a free, limited, personal, temporary, non-exclusive, non-sublicensable, non-transferable license to use the Evaluation Board FOR EVALUATION PURPOSES ONLY. Customer understands and
agrees that the Evaluation Board is provided for the sole and exclusive purpose referenced above, and agrees not to use the Evaluation Board for any other purpose. Furthermore, the license granted
is expressly made subject to the following additional limitations: Customer shall not (i) rent, lease, display, sell, transfer, assign, sublicense, or distribute the Evaluation Board; and (ii) permit any Third
Party to access the Evaluation Board. As used herein, the term “Third Party” includes any entity other than ADI, Customer, their employees, affiliates and in-house consultants. The Evaluation Board is
NOT sold to Customer; all rights not expressly granted herein, including ownership of the Evaluation Board, are reserved by ADI. CONFIDENTIALITY. This Agreement and the Evaluation Board shall all
be considered the confidential and proprietary information of ADI. Customer may not disclose or transfer any portion of the Evaluation Board to any other party for any reason. Upon discontinuation of
use of the Evaluation Board or termination of this Agreement, Customer agrees to promptly return the Evaluation Board to ADI. ADDITIONAL RESTRICTIONS. Customer may not disassemble, decompile
or reverse engineer chips on the Evaluation Board. Customer shall inform ADI of any occurred damages or any modifications or alterations it makes to the Evaluation Board, including but not limited
to soldering or any other activity that affects the material content of the Evaluation Board. Modifications to the Evaluation Board must comply with applicable law, including but not limited to the RoHS
Directive. TERMINATION. ADI may terminate this Agreement at any time upon giving written notice to Customer. Customer agrees to return to ADI the Evaluation Board at that time. LIMITATION OF
LIABILITY. THE EVALUATION BOARD PROVIDED HEREUNDER IS PROVIDED “AS IS” AND ADI MAKES NO WARRANTIES OR REPRESENTATIONS OF ANY KIND WITH RESPECT TO IT. ADI SPECIFICALLY
DISCLAIMS ANY REPRESENTATIONS, ENDORSEMENTS, GUARANTEES, OR WARRANTIES, EXPRESS OR IMPLIED, RELATED TO THE EVALUATION BOARD INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTY OF MERCHANTABILITY, TITLE, FITNESS FOR A PARTICULAR PURPOSE OR NONINFRINGEMENT OF INTELLECTUAL PROPERTY RIGHTS. IN NO EVENT WILL ADI AND ITS
LICENSORS BE LIABLE FOR ANY INCIDENTAL, SPECIAL, INDIRECT, OR CONSEQUENTIAL DAMAGES RESULTING FROM CUSTOMER’S POSSESSION OR USE OF THE EVALUATION BOARD, INCLUDING
BUT NOT LIMITED TO LOST PROFITS, DELAY COSTS, LABOR COSTS OR LOSS OF GOODWILL. ADI'S TOTAL LIABILITY FROM ANY AND ALL CAUSES SHALL BE LIMITED TO THE AMOUNT OF ONE
HUNDRED US DOLLARS ($100.00). EXPORT. Customer agrees that it will not directly or indirectly export the Evaluation Board to another country, and that it will comply with all applicable United States
federal laws and regulations relating to exports. GOVERNING LAW. This Agreement shall be governed by and construed in accordance with the substantive laws of the Commonwealth of Massachusetts
(excluding conflict of law rules). Any legal action regarding this Agreement will be heard in the state or federal courts having jurisdiction in Suffolk County, Massachusetts, and Customer hereby submits
to the personal jurisdiction and venue of such courts. The United Nations Convention on Contracts for the International Sale of Goods shall not apply to this Agreement and is expressly disclaimed.
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