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1 Development Environment

The Holtek TDS Workshop is a software development platform for TDS application development.
This platform integrates TDS measurement, temperature measurement, key inputs, display,
communication and other functions, providing users with a means of rapid functional configuration
and object code generation. A calibration monitoring window is also provided to facilitate calibration
and real-time data monitoring. The graphical operation interface allows for easy and convenient user
development thus greatly reducing the development cycle. The TDS Workshop can be used for TDS
pens, water purifiers and other TDS application development.

1.1 Overall Environment
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1.2 Software
The TDS application development software includes the TDS Workshop and the HT-IDE3000.

1.2.1 TDS Workshop

The TDS Workshop is used for master MCU selection, MCU resource configuration, TDS and NTC
functional configuration, code generation, TDS data calibration and real-time monitoring, etc.

1.2.2 HT-IDE3000

The HT-IDE3000 is used to view and edit the source code which can be downloaded to the
development board through the e-Link.

1.3 Hardware

The TDS application development hardware includes a TDS Workshop supporting evaluation board
for which an e-Link is provided for emulation and downloading programs. Users can also develop
their own unique development board according to their actual requirements.

1.3.1. TDS Workshop Supporting Evaluation Board

The TDS Workshop supporting evaluation board contains a display board and TDS modules. Refer
to the Appendix chapter for the physical pictures of the display board and TDS modules.

TDS Display Board

The display board contains a USB interface which is used as the power supply and for
communication with the platform. It also includes a USB-to-UART bridge circuit and a USB-to-11C
bridge circuit for platform communication, three keys, an LCD (default: 3COMX9SEQG), two LED
alarm indicators, a module interface where a TDS module can be connected for test purposes, an
ICP interface and a power supply interface.

Rev. 1.40 3 June 30, 2023
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Display board connection:

UART KEY. LED. LCD

wsin
Gid
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The three keys, LCD and two alarm indicators on the display board can be used for functional

testing purposes. If the corresponding function is directly connected by a mini jumper, users

should use the default I/O pin configuration for the MCU on the platform. However, if the I/O pin

configuration for the corresponding function is modified and requires functional testing, use Dupont

lines for connection and testing.

UART communication hardware connection description:

Connect J6 to the 5V or 3.3V power supply using a mini jumper — select the MCU operating voltage.

Place mini jumpers on J5 and J7 to connect their individual communication pins and the VDD
pin. In this way the USB and the HT42B534-2 UART communication pins and the VDD pin will
be connected to the MCU.

If the UART communication method is selected, the mini jumpers on J8, J9 and J10 of the IIC in-
terface must all be removed to prevent circuit interference.

The UART connection is shown below:
UARTJ5/J6/J7) KEY. LED(J4) LCD(J3) ICP

Lo T R T P R I

@5)R8

@ T )
| @
S

ONZOFF ESK=T0S=100

IIC(J8/J9/J10) Connect to TDS Module

IIC communication hardware connection description:

Connect J8 to the 5V or 3.3V power supply using a mini jumper — select the MCU operating voltage.

Place mini jumpers on J9 and J10 to connect their individual communication pins and the VDD
pin. In this way the USB and the HT42B532-1 IIC communication pins and the VDD pin will be
connected to the MCU.

If the IIC communication method is selected, the mini jumpers on J5, J6 and J7 of the UART in-
terface must all be removed to prevent circuit interference.

Refer to the UART communication connection for the IIC communication connection.

Rev. 1.40
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TDS Modules

(D TDS Modules (HT66F0185/HT66F3185/HT66F3195): These modules are used when the master
MCU is the HT66F0185, HT66F3185 or HT66F3195. These modules support single-channel and
dual-channel TDS and NTC applications. The LCD and KEY functions are available for single-
channel TDS applications. Functional verification can be conducted by combining the LCD and
KEY functions on the display board. Either the UART or IIC can be used for communication.

Note: When the TDS Modules HT66F0185/HT66F3185/HT66F3195 select the dual-channel
mode and work together with the display board, the mini jumpers on the KEY, LCD and
LED interfaces, i.e., J3 and J4, must all be removed to prevent circuit interference from
causing functional abnormalities.

(2) TDS Modules (HT66F0176/HT66F2030): These modules are used when the master MCU is the
HT66F0176 or HT66F2030. These modules support single-channel TDS and NTC applications,
however they do not support the display board LCD, LED and KEY functions. Either the UART
or IIC can be used for communication.

(3) TDS Module (HT66F019): This module is used when the master MCU is the HT66F019. This
module supports single-channel and dual-channel TDS and NTC applications, however it does
not support the display board LCD, LED and KEY functions. Either the UART or IIC can be
used for communication.

The toggle switches on their back side are used to connect the TDS CH1/CH2 and NTC CH1/CH2 to

the corresponding MCU pins. When the module’s TDS CH2 or NTC CH1/CH2 is not configured, the

corresponding toggle switches must be turned off. Otherwise the acquisition circuit corresponding to
the unused channel may conflict with other circuits resulting in functional abnormalites.

1.3.2. Hardware Connection Diagram

USB

A
LA

e

TDS Workshop TDS Display Board TDS Module TDS. NTC

1.3.3. e-Link Connection

e-Link pin description:

12:- |11: GND
10: - 19: OCDSDA
8- [1:X
6: - [5: OCDSCK
4 3:-
2:- |1: VDD -
-
e-Link (side) e-Link (side)
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Hardware connection diagram:

Connect the ICP interface on the evaluation board to the corresponding pins of the e-Link and then
connect the e-Link to a PC through the USB interface to execute emulation and download programs.

2 TDS Workshop Main Interface

Double-click the (7] osvetaor icon to open the TDS Workshop software. Its main interface contains
several basic operation items including a Menu Bar, New Project, Platform Example and Calibration
Monitoring as well as a list for recently opened projects, as shown below.

1 TDS Workshop

Project Language Tool

New Project

>
&

Calibration Monitoring

o
¢'»\/

Platform Example

Help

Recently Opened Projects

TDS_HT66F0185_TESTOl  EXNTDSProject\TDS_HT66F0185_TESTOINTDS_HT66F0185_TESTOL.pids

bration and data monitoring.

New Project: Used to create a new HT-IDE3000 project and generate the corresponding project
directory file.

Platform Example: Used to open the platform’s existing TDS product application examples.

Calibration Monitoring: Used to open the Calibration Monitoring window for TDS product cali-

Recently Opened Projects: Users can open the recently used TDS Workshop projects directly from
the list. Up to 20 open paths of the recently used files are available.

Menu Bar: The menu bar contains Project, Language, Tool and Help options.

Rev. 1.40
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Project language Tool Help

a. Project: Used to create, open and save projects as well as to export circuit schematic image.

 Project Language Tool Help

New Project
Open Project

Save Project

Save Project as

Export circuit schematic image ‘ Reoe

b. Language: The TDS Workshop supports three language options which are English, Simplified
Chinese and Traditional Chinese.

c. Tool: The Calibration Monitoring window can be opened by clicking here.

Project Language Hel
Calibration Maonitoring

d. Help: The TDS Workshop User Guide, platform version information and version update can be
checked here.

Project Language Tool

Direction for use
Check for updates
About platform

Rev. 1.40 7 June 30, 2023
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3 Create a New Project

Users can select a desired MCU part number and configure the TDS functions by creating a new
project. More detailed steps are introduced in the following sections.

3.1 Create a New Project
There are two methods to create a new project.

a. Click “New Project” icon on the main interface as shown below.

1 TDS Workshop
Project Language Tool Help
Recently Opened Projects
. TDS_HT66F0185_TESTO! EXTDSProkctTDS_HT66F0185_TESTOITDS_HT66F0185_TESTOL pids
+

New Project
C—)
)

&

Calibration Monitoring

-+
ke

v

Platform Example

b. Menu: Project — New Project as shown below:

= TDS Workshop e
Project | Language Tool Help
New Project
Open Project
Save Project
Save Project as - .
Export circuit schematic image RC-CC-I’]UY Opened PFOJCC[S
Untitled  C:\UsersiyN\Documens\TDS  Project\Untitled\Untitled. pitds
HT66F0185  C:\UsersixyNDocuments\TDS Projec\HT66F0185\HT66F0185.pjids
New Project
C—
¢

&

Calibration Monitoring

S+
e

i'~>\/

Platform Example
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After clicking “New Project”, a New Project window will appear. Enter a project name, select a
location for project file storage, select an MCU part number and its package type and then click “OK”
to enter the project configuration interface.

MNew Project

Project Name:

|TDS_HT66FD 185_TESTO1 |

Project Location:

| C:\Wsers\xyf\Documents\TDS_Project | -

MCU:

HTG6F0185 w
Package:

23 SOP-A/SSOP-A w

care

3.2 Project Configuration Interface

The TDS project configuration has four main operation steps, which are TDS Configuration, NTC
Configuration, MCU Configuration and Complete. Detailed descriptions for each operation step are
provided in the following sections.

TDS Configuration: The MCU part number and its package type (MCUs supported by this platform
will continue to be updated), TDS channel count, probe type and calibration mode are configured in
this step. There are three probe types which are the TDS-37, TDS-57 and TDS-67. Additional probe
options will be continuously added. The Description part contains the selected probe specification,
which can be viewed by clicking the button on the right side. The calibration mode
currently only supports single-point calibration. When the configuration is completed, click “Next”
to go to the next configuration step.

[71 TDS Workshop  E\TDSProject\TDS_HT66F0185_ TESTOINTDS_ HT66F0185_TESTOLpjtds
Project Language Tool Help

TDS Configuration

MCU Selection: [HTssFo]ss v] Package: |28 SOP-A/SSOP-A  ~| TDS Chanﬂel‘[Single'channel ']
Channel 1 Settings
Probe Selection:  |[TDS-57 - Description
Calibration Mode: [Single-point Calib oy 3
alibration Mode: [Single-point Calib ~ 3 20105 25105 AL [
+H|

. |

Probe View: pr [._M:tﬁ_.
/} 6£0.2 4

3

26.440.1

1840.5

Channel 2 Settings

Probe Selection: Description

Calibration Mode:

Probe View:

Rev. 1.40 9 June 30, 2023
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NTC Configuration: The NTC channel, NTC circuit type, NTC selection and divider resistor are
configured in this step. The NTC channel count can be up to two and should not be larger than the

selected TDS channel count. There are two NTC circuit types, one is connecting to the MCU VDD
through an I/O and the other is connecting to the MCU GND. For the TDS-37 probe, the NTC
selection is fixed at 3435 10K. For the TDS-57/TDS-67 probes, the available NTC options are 3950
5K/10K/20K/50K/100K, and Self built R-T table which requires users to fill in the resistance values
corresponding to NTC temperatures. After the NTC is selected, the relevant parameters will be listed

on the right side. After the configuration has completed, click “Next” to go to the next configuration

step.

CA\Users' Documents\TDS_Project\Untitled\Untitled.pjtds b
1 TDS Worksho ject\UniitiechUntited pita (=1
Project Language Tool Help
NTC Configuration
NTC Channel: | Single-channel
Channel 1 Settings
NTC circuit type : VCC
Type 1 ~ NTC Parameters
NTC Selection: Standard resistance: (10K £ 01 %) @25°C
3950 10K v B value: (3950 = 1 %) @25/50°C
y——<__> NTC1_AD T R ) o a9 o
Divider Resistor: emp Ranges: N
10K v —_
Channel 2 Settings ———___> NTC1_I/O
NTC circuit type : vee
NTC Parameters
NTC Selection: Standard resistance: (- + %) @25°C
B value: (-- + %) @25/50°C
——< > NTG2_AD
Divider Resistor: Temp Ranges - c
b——<__> NTC2 1O
Rev. 1.40 10 June 30, 2023
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Both NTC circuit types support low power consumption requirements, such as battery power supply
which requires to control the NTC circuit power supply. When NTC acquisition is not required, its
power supply will be stopped to reduce power consumption. However, there existing an I/O internal
resistance. For example, when the NTC circuit Type 2 is selected, the HT66F3185 1/O is connected
to VDD (5V) to drive with a source current and the platform has set the source current to the
maximum level, the I/O will have a maximum internal resistance of no more than 62.5Q according
to the following calculation formula. Due to the uncertain Rjo, in the case of a higher measurement
temperature, the smaller the NTC resistance the larger the temperature error will be. This should
also be considered when choosing the NTC circuit Type 1. If users have no power consumption
requirements, connect the NTC circuit upper side to VDD and the lower side to GND to completely
eliminate the influence of I/O internal resistance. The I/O internal resistance calculation of different
MCUs can be referred to the following table.

|
Module MCU o R, Calculation
Vop Condition Min. Typ. Max.
5V 8mA 16mA -
HT66F3195
3V 4mA 8mA -
5V 8mA 16mA -
HT66F3185
3V 4mA 8mA -
5V 8mA 16mA -
HT66F2030
3V 4mA 8mA - 0.1Vpp
VOH = 0'9VDD RIO =
5V 11mA | 22mA - lon
HT66F0185
3V 5.5mA 11mA -
5V 11mA 22mA -
HT66F0176
3V 5.5mA 11mA -
5V 32mA 64mA -
HT66F019
3V 16mA 32mA -
lou .
Module MCU R,o Calculation
Voo Condition Min. Typ. Max.
5V 32mA 65mA -
HT66F3195
3V 16mA 32mA -
5V 32mA 65mA -
HT66F3185
3V 16mA 32mA -
5V 32mA 65mA -
HT66F2030
3V 16mA | 32mA - 0.1Vpp
Vo, = 0.1Vpp Rjo =
5V 32mA 64mA - loL,
HT66F0185
3V 16mA 32mA -
5V 32mA 64mA -
HT66F0176
3V 16mA 32mA -
5V 32mA 64mA -
HT66F019
3V 16mA 32mA -
Rev. 1.40 11 June 30, 2023
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should cover 25°C and the maximum temperature range is 0°C~99°C.

NTC Configuration — Self built R-T table: Users can choose this option to create their own R-T
table to expand the NTC type selection. After clicking on this option, an R-T table window will pop
up, where users need to fill in the temperature range and the corresoponding NTC resistance values.
The higher the temperature, the smaller the resistance value is. Note that the temperature range

Project Language Tool

NTC Configur.

D TDS WOFk,ShOp CAUsers\xyf\Documents\TDS_Project\Untitled\Untitled pjtds

ation

NTC Channel: |Single-channel ~
Channel 1 Settings

NTC circuit type : VCC 5
P | NTC Temperature Detection R-T Table
Type 1 ~
Temperature detection range: EI C— °C .
NTC Selection: B 01 %) @25¢
Temperature(°C) INTC resistance(k(}) * N
Self built R-T tab e £ 1 %) @25/50C
1 - o
Divider Resistor: 5 99 C
10K v 3
4
Channel 2 Settir °
Channel Z Settlings 6
7
NTC circuit type : Vee 3
9 v
<
. + - %) @25°C
NTC Selection:
+ - %) @25/50°C
——=<__> NTC2_AD
Divider Resistor: Temp Ranges: - - <
——< > NTC2_lI0
Rev. 1.40 12 June 30, 2023
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MCU Configuration: The TDS, NTC, communication method, key, alarm light, LCD and their
functional pins are configured in this step. Either the UART or IIC interface is available for
communication. For I/O pin configuration, directly drag the corresponding functional button to
the desired pin location of the MCU diagram on the right. If any I/O pin configuration is changed,
its pin box will change from blue to red. The green pin boxes indicate that the corresponding pin
functions cannot be changed. Clicking the n icon on the upper right side will undo the previous

pin configuration and clicking the m icon will restore the pin configuration previously undone.
Then click “OK” to complete the TDS project creation.

[j TDS WOI’kShOp CiUsershlinye\DocumentsiTDS_Project\Untitled \Examplepjtds | — [ <

Project Language Tool Help
MCU Configuration
Fsys : HIRC-8MHz Fsub : LIRC-32KHz
10 Settings:
TDS Pin Configuration :
TDSL+) (TDS1-) (TDSLA/D)
NTC Pin Configuration :
NTC1/Q) (NTCL A/D) V3
519/05¢1 [ SEG4 INTO/SSEG
Communication Interface: 520/05C2 [ SEGE | INTL1/SSEG
MUART (TX D RX ) ONC © SCL . SDA io/scoMo [ COMT_| TCKO/SSEC
Jocpspa [ LEDT TCK1/SSEC
Key 0/35EG21 [ Mode SSEG14
: - . . e HTEEF0185 5
ON/QFF Hold Mode AISSEG22 [ PCE el 2 TXISSEGL’
i/scoM1 [ PGS 21 RX/SSEGL:
Display Interface:  [LCD A :5/55£G23 [ Hold SEG3 | SSEGLL
i2/5coM2 [ ONJOFF TDSLA/D |SSEG10/A!
Alarm Light: 2 ~ $OCDsCK [ LED2 TCK2/5SEC
< N i3/5COM3 [ COMO TPL/3SEGE
LED1 LED2
) ) - i4/5COM4 TAVTPZ/S
COM 3 v 5/5COMS [RY)/CLOS

COMO) (COM1) (COMZ)
SEG: 9 -

SEGO SEGL SEG2 SEG3 SEG4
SEGS5 ) (SEGE SEG7 ) ( SEGB

Tip:directly drag the corresponding function button or 10 pin to configure functions.

Rev. 1.40
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Export circuit schematic image: On the MCU Configuration inteface, users can click this option
from the Project menu to preview the circuit schematic of the corresponding configuration. On the
Circuit Schematic interface, users can click “File” to save or print the circuit schematic.

cuit Schematic

File
" TDS Module (HT66F0185)
= MCU_VDD
ow cis
il
TDS-CH1 B ——
(1 k]
. +{ vssEAvss VDORAVDD |7
B PODSSEGIS/I0SC] PBUINTVSSEGISANIXT] [l
| PCISSEG200SCI FBUINTLSSEGI ANLXT? [ oe—MIEl il o
| PC2[SDOJSSEGOSCOMD PBYTCROSSEGIEAN? [
AL BAGTROICPDADCDSDA PALTCKLSSEGISANG (28—
| BCUSDOYSSEGE PDSSEGH [y
Y| POHSDUSDASSEGZ2 e B o —
o K| PCSSCESCLSSEGUSCOMI [ e L —
MOLVDD: o] POSSCRSSEGH FDOSSEGL] (S8
“fr—Tr| PAL[SDOJSSEGZS0OMY PASSSEGIOANAVREF] (qr—DIELE
o1 PAYICPCROCDACK PASTCHYSSEGHANSVREF [ TELAI
tpr—T7] PAS[SDISDAJCX/SSEGESCOMI PAVTPYSSEGUANS (eI
w17 PB&15CK/SCLIC+SSECHSCOMY PBATXVTPLSSEGTANT (i
NTET e pedinrs T PB{SCS)C-/SSEGSSCOMS PEARX] CLO'S:
NTC-CH1 L HT66H0155 T5sSOP/SOP

Teadir 4

1CP

KEY ONOFF__ RI§,, IK 51 == sw.pg

w
: . I T— -
KEY MODE RIGQ,, 1K Ql:‘ EQ\W -PB L _LEDI D2 LEDO R1 330R MCU VDD
KEY_HOLD R2) 1K §3 == sW.PB L LED2 LEDD R1] R
= L%
MCU_GND

Complete: After a project configuration has finished, click “Project Directory” or “Start HT-
IDE3000” button to directly open the program for editing and downloading. Clicking “Begin” will
return to the initial interface. To reconfigure the project, click “Back”.

7 TDS Workshop  ExTDSProjectTDS_HT66F0185_TESTOL\TDS_HT66F0185_TESTOL pitds =S
Project Language Tool Help
Complete
TDS HT66F0185 TESTO1 project is generated successtully
14 June 30, 2023
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The generated project directory contains the following documents. The HT-TDSProjectCode is an
HT-IDE3000 project folder. The HT-TDSProjectDoc folder contains the hardware description of
the selected MCU and the TDS module communication protocol. The .pjtds file is a TDS Workshop

project.

HT-TDSProjectCode

HT-TDSProjectDoc

|| HTBBF0185.pjtds l

& HT66F0185 TDS User's Guide.pdf
(& TDS Module(HT66F0185)_SCH.pdf
@ TDS Workshop Communication protocaol.pdf

3.3 Open a Project

There are two methods to open a project.

a. Select the project to be opened directly from the “Recently Opened Projects™ list. The TDS

Workshop project file suffix is “.pjtds”.

71 TDS Workshop

Project Language Tool

New Project

o

Calibration Monitoring

]
o

¢’4\/

Platform Example

Help

Recently Opened Projects

| TDS_HT66F0185_TEST01 ENTDSProjectTDS_HT66F0185_TESTOINTDS_HT66F0185_TESTO1.pitds

Rev. 1.40
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b. Menu: Project — Open Project, open the project file from the corresponding project location.

[71 TDS Workshop
Project |Language

New Project

Open Project

Save Project

Tool

Save Projectas

Export circuit schematic image

+

New Project

&

Calibration Monitoring

3
-

l'-n/

Platform Example

Help

Recently Opened Projects

Untitled  C:\Users\cyNDocumentstTDS  ProjectiUntitled\Untitled pitds

HT66F0185  C:AUsers\xyN\Documents\TDS  ProjecttHT66F018\HT66F0185.pitds

=

HETE - FRENE
SE=REE060C

@ OneDrive - Perso

HT-TDSProjectCode 2

T+ > E#&E » X% » TDS Project » HTBGFO185

EE HT66F0185 »

Bz~ M

I g

HT-TDSProjectDoc 2023
[ nrs6rots pitds 0

1KB

B EbEats

4 s

a3

b ==

W sE

[Si=E

B =

i, FEBE(C)
= Data (D3

= New-C600 (i

o FiE &

BEESEN

w| [project file (* pjtds) ~

ELe)]
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Open the project and enter the project configuration interface, which is the same as described in the

“Create a New Project” section. Reconfigure the project or directly click “Next” without changing

the configuration options, until the HT-IDE3000 project generation has completed.

As the new project file will overwrite the previous project, users can click “Project” — “Save

Project as” to generate a new project directory and avoid overwriting the previous project.

185

Export circuit schematic image

Channel 1 Settings

New Praject . .
Open Project bnfiguration
Save Project ]

D TDS WOFkShOp CA\Users\xyf\Documents\TDS_Project\Untitled\Untitled pjtds

m Language Tool Help

~| Package: |28 SOP-A/SSOP-A

~ TDS Channel: Single-channel

Probe Selection: | TDS-57 & Description
Calibration Mode: | Single-point Calib ~ 57E1 .
3 2040.3  2640.5 800420
Probe View: ﬂ 20
/\’" i | M——————=3
6:!:0,2' b
v b 3
= +H|
€ i v
< >
Channel 2 Settings
Probe Selection: Description
Calibration Mode:
Probe View:
Nex
Rev. 1.40 17 June 30, 2023
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4 Calibration Monitoring

The calibration monitoring window can communicate with the development board to implement
TDS and NTC calibration functions, real-time TDS value monitoring and test data exporting.

4.1. Calibration Monitoring Window

Users can directly click the “Calibration Monitoring” icon on the TDS Workshop main interface,
or click “Tool” — “Calibration Monitoring”. After this an operation window named “Calibration
Monitoring” will pop up.

1 TDS Workshop
Project Language |Tool Hel
Calibration Manitaring
Recently Opened Projects
- TDS_HT66F0185_TEST0l EXTDSProectiTDS_HT66F0183_TESTOINTDS_HT66F0185_TESTOL.pjds
5

New Project
[ =}
4

Calibration Monitoring

o

Platform Example

]
I

v

4.1.1 Calibration Monitoring Window Language Selection

The Language item in the menu bar allows users to select the Calibration Monitoring window
language, which can be English, Simplified Chinese or Traditional Chinese.

"~ Calibration Monitoring

'Languagel Help

V| English
Eikex
L4 Lod

-

ture TDS Calibration Tip Message

4.1.2 Reading the Development Board Information

After the calibration monitoring window is opened, if the UART communication method is selected,
the platform supports communication with the module through a third-party USB-to-UART device
and users need to select the corresponding communication device serial port in the COM drop-
down menu. If the IIC communication method is selected, the platform only sopports the module
connected to the HT42B532-1 communication device.

Rev. 1.40
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"1 Calibration Monitoring

Language

Help

Communication: UART \1

NTC Temperature

CH1 CH2

Instrument Sampling Temperature:

°C

CH1 Data
Conductivity::l us/em TEMP:
4000

Conductivity us/cm
T8ggEEEE

=
2

60
TIMEs

TDS Calibration

Calibration Mode:  single po
Calibration Channel: | | CH1 ' CH2
Calibration Point: first point

Calibration Concentration: us/cm
(Use KCL or NaCL solution for calibration)

CH2 Data

L Jre

B mssszadssg
TEMP °C
Conductivity usfcm
. =
ggEEEge

]

Conductivity::I usf/cm  TEMP:
4000

Tip Message

L=

o omesszdss g

60
TIMEs

TEMP “C

Tip : Framing any area of the data window to zoom in, and double-click any position of the data window to restore the original size.

"I Calibration Monitoring

Language

Help

COM: COM35 vCommunication: UART  ~

NTC Temperature
[OcH1 CH2

Instrument Sampling Temperature:

(50 ]

TDS Calibration

Calibration Mode: | single po ~
Calibration Channel: [JCH1 = | CH2

Calibration Point: first point  ~

Calibration Concentration: [500.0 us/cm

(Use KCL or NaCL solution for calibration)

CH1 Data CH2 Data
Cnnductivity:l:l us/cm  TEMP: |:| °C
4000 100 4000
3500 0 3500
80
£ 3000 £ 3000
5 70 S
3 2500 6 © S 2500
2z - z
S 2000 50 £ = 2000
5 4 g
3 1500 = 3 1500
2 0 2
3 1000 8 1000
2
500 10 500
0 0 [}
0 20 100 120 [ 2

60
TIMEs

Tip Message

Click the @D button to open the communication serial port. If the serial port is selected
correctly, the platform will read the development board information and display it in the Tip
Message area. The information includes the TDS channel count and calibration status, probe type,
NTC channel count and calibration status.

Probe Type:TDS-37

TDS Calibrated

calibration mode: single-point calibr:
calibration point: point 1

calibration concentration: 500.0 us/c
Calibration Temperature: 25.0 °C
NTC channel mode: single channel
CHI:

NTC Calibrated

Calibration Temperature: 25.0 °C

Conductivily:l:l us/cm  TEMP: |:| °C

e N

60
TIMEs

TEMP C

Tip : Framing any area of the data window to zoom in, and double-click any position of the data window to restore the original size.
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4.1.3 NTC Temperature Calibration

Before starting the NTC calibration, first select the NTC channel to be calibrated, and then fill in a
standard temperature value of the test solution into the “Instrument Sampling Temperature” field.

The temperature value is 25.0°C by default and is accurate to one decimal fraction. By clicking on
“Start” the development board will start to calibrate the NTC. After the calibration has finished, the
Tip Message area will inform that NTC has been calibrated and display the calibrated temperature.
If the calibration has failed, it will inform that the NTC calibration has failed. When this happens
users should check whether the NTC is properly connected or not.

[Z1 Calibration Monitoring

Language Help

com: |com3s - Communication: UART  ~

NTC Temperature

M CH1

CH2

Instrument Sampling Temperature:

TDS Calibration

Calibration Mode:

Calibration Point:

single po ~

Calibration Channel: [JCH1

Tip Message

NTC Calibrated
Calibration Temperature: 25.0 °C

CH2

first point  ~

Calibration Concentration: [500.0 us/cm

(Use KCL or NaCL solution for calibration)

The NTC calibration information is stored in the EEPROM. The corresponding storage addresses

are shown in the table below.

EEPROM Storage Addresses for NTC CH1 Calibration Information

EEPROM Address Storage Contents Description
0: NTC is not calibrated;
0x07 F_CAL_NTCT 1: NTC is calibrated
0x08 S_CAL_NTCH1 (higher 8 bits) | Standard solution temperature (higher 8 bits)
0x09 S_CAL_NTC1 (lower 8 bits) | Standard solution temperature (lower 8 bits)
0x0A CAL_NTC1 (higher 8 bits) Measured solution temperature (higher 8 bits)
0x0B CAL_NTC1 (lower 8 bits) Measured solution temperature (lower 8 bits)

EEPROM Storage Addresses for NTC CH2 Calibration Information

EEPROM Address Storage Contents Description
0: NTC is not calibrated;
ox17 F_CAL_NTC2 1:NTC is calibrated
0x18 S_CAL_NTC2 (higher 8 bits) | Standard solution temperature (higher 8 bits)
0x19 S_CAL_NTC2 (lower 8 bits) | Standard solution temperature (lower 8 bits)
0x1A CAL_NTC2 (higher 8 bits) Measured solution temperature (higher 8 bits)
0x1B CAL_NTC2 (lower 8 bits) Measured solution temperature (lower 8 bits)
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4.1.4 TDS Calibration

Before starting the TDS calibration, first select the TDS channel to be calibrated and then input a
standard solution concentration value into the “Calibration Concentration” field. The concentration
value is 500.0 us/cm by default and is accurate to one decimal fraction. The TDS calibration mode
currently only supports single-point calibration. By clicking on “Start” the development board will
start to calibrate the TDS. After the calibration has finished, the Tip Message area will inform that

the TDS has been calibrated and display the calibrated concentration and temperature.

[Z1 Calibration Monitoring

Language  Help

coM: |com3s ~ Communication: UART

NTC Temperature

M CH1

Instrument Sampling Temperature:

250 |C

CH2

TDS Calibration

Calibration Mode:

Calibration Point:

Calibration Concentration:|[500.0
(Use KCL or NaCL solution for calibration)

The TDS calibration information is stored in the EEPROM. The corresponding storage addresses are

shown in the table below.

Calibration Channel: [+ CH1 || CH2

Tip Message

TDS Calibrated

calibration mode: single-point calibra
calibration point: point 1

calibration concentration: 500.0 us/cr
Calibration Temperature: 25.0 °C

single po ~

first point

us/cm

EEPROM Storage Addresses for TDS CH1 Calibration Information

EEPROM Address Storage Contents Description
0: TDS is not calibrated;

0x00 F_CAL_TDS1 1: TDS is calibrated
0x01 S_CAL_TDS1 (higher 8 bits) | Standard solution concentration (higher 8 bits)
0x02 S_CAL_TDS1 (lower 8 bits) |Standard solution concentration (lower 8 bits)
0x03 CAL_TDS1 (higher 8 bits) Measured solution concentration (higher 8 bits)
0x04 CAL_TDS1 (lower 8 bits) Measured solution concentration (lower 8 bits)

. . Solution temperature during TDS calibration
0x05 CAL_TEMP1 (higher 8 bits) (higher 8 bits)
0X06 CAL_TEMP1 (lower 8 bits) Solution temperature during TDS calibration

(lower 8 bits)

EEPROM Storage Addresses for TDS CH2 Calibration Information

EEPROM Address Storage Contents Description
0: TDS is not calibrated;

0x10 F_CAL_TDS2 1: TDS is calibrated
0x11 S_CAL_TDS2 (higher 8 bits) | Standard solution concentration (higher 8 bits)
0x12 S_CAL_TDS2 (lower 8 bits) |Standard solution concentration (lower 8 bits)
0x13 CAL_TDS2 (higher 8 bits) Measured solution concentration (higher 8 bits)
0x14 CAL_TDS2 (lower 8 bits) Measured solution concentration (lower 8 bits)

. . Solution temperature during TDS calibration
0x15 CAL_TEMP2 (higher 8 bits) (higher 8 bits)
0x16 CAL_TEMP2 (lower 8 bits) Solution temperature during TDS calibration

(lower 8 bits)

The TDS calibration can be implemented using KCL or NaCL solutions. In addition, users can select
a suitable standard solution concentration for calibration according to the TDS measurement range.
For example, for a measurement range of 0~1000PPM, a 400~600PPM standard solution can be

used for TDS calibration.
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4.1.5 TDS Data Monitoring

“CHI Data” and “CH2 Data” are the TDS channel 1 and channel 2 data monitoring windows
respectively. The two channels can be monitored simultaneously in the dual-channel TDS mode.
Clicking the “Start” button at the bottom of the corresponding monitoring window will start
the channel TDS data monitoring. If the “Start” button appears gray, this means that TDS data
monitoring is not available for the corresponding channel.
I”I Calibration Monitoring ==
Language  Help

com: |comss ~ Communication: UART  ~

NTC Temperature TDS Calibration Tip Message

. . . Probe Type:TDS-37 ~
CH1 CH2 Calibration Mode:  single po ~ TDS Calibrated

T . calibration mode: single-point calibra
Instrument Sampling Temperature: Calibration Channel: (1 CH1 [ CH2 calibration point: point 1
°C Calibration Point: first point calibration concentration: 500.0 us/cr

Calibration Temperature: 25.0 °C
Calibration Concentration: [500.0 us/cm  NTC channel mode: single channel

(Use KCL or NaCL solution for calibration) ﬁ?é:(jalibrated

Calibration Temperature: 25.0 °C

.
CHI Data CH2 Data
Conductivity::I us/cm  TEMP: :I “C Conductivity::I us/cm  TEMP: :I “C
4000 100 4000 100
3500 0 3500 0
80 80
£ 3000 £ 000
s 7 s 7
im 0 © izsm 6 ©
2 2000 50 % 2 2000 50 %
ERt LS ERt LS
5 30 5 30
3 1000 3 1000
20 20
50 10 50 10
0 0 0 0
0 2 60 100 120 0 2 60 100 120
TIMEs TIMEs

Tip : Framing any area of the data window to zoom in, and double-click any position of the data window to restore the original size.

When the platform starts TDS data monitoring, the Tip Message area will indicate “Channel 1 (or
Channel 2) monitoring started”. In the monitoring window, a curve chart shows the conductivity
and temperature values read by the platform. Up to 120 values can be displayed. The x-coordinate
moves backward with more data being read. The green curve indicates the conductivity value based
on the green coordinate on the left and the red curve indicates the temperature value based on the red
coordinate on the right. To view data more clearly, hold the left mouse button and drag the cursor
to the lower right to select the area to be enlarged. Holding the left mouse button and dragging
the cursor to the upper left will return to the initial size of the chart window. The conductivity and
temperature values displayed on the top of the curve chart are the newly read values.
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[~ Calibration Monitoring | — | < |
Language  Help

COM: |COM35 Communication: UART v
NTC Temperature TDS Calibration Tip Message
S . TDS Calibrated &
CHL CH2 Calibration Mode:  ERMIIRG calibration mode: single-point calibra
o . calibration point: point 1
Instrument Sampling Temperature: Calibration Channel: -/ CH1 | CH2 calibration concentration: 500.0 us/cr
25.0 °C Calibration Point: first point Calibration Temperature: 25.0 °C

NTC channel mode: single channel
Calibration Concentration: 500.0 us/em  CHL:

. . . NTC Calibrated
(Use KCL or NaCL solution for calibration) Calibration Temperature: 25.0 °C

Channel 1 menitoring started -
CH1 Data CH2 Data
Conductivity: us/cm  TEMP: “C Conductivity:l:l us/cm  TEMP: l:l “C
4000 100 4000 100
3500 20 3500 20
20 20
£ 3000 £ 3000
K 7 o 7
2500 2500
] @ © ] @ ©
£ 2000 50 % £ 2000 50 %
ERt) @k ERt) @k
5 0 5 0
S 1000 S 1000
20 20
50 10 50 10
0 0 0 0
0 20 60 100 120 0 20 60 100 120
TIMEs TIMEs

Tip : Framing any area of the data window to zoom in, and double-click any position of the data window to restore the original size.

After stopping monitoring, click the “Export” button to export the read data to an excel spreadsheet.

[~ Calibration Monitoring =Ed
Language  Help

com: [comss | @EEERP communication: UART -

NTC Temperature TDS Calibration Tip Message

. . . Probe Type:TDS-37 ~
CH1 CH2 Calibration Mode:  single po ~ TDS Calibrated

o . calibration mode: single-point calibra
Instrument Sampling Temperature: Calibration Channel: & CH1 [/ CH2 calibration point: point 1

Calibration Point: first point calibration concentration: 500.0 us/cr
Calibration Temperature: 25.0 °C

Calibration Concentration: [500.0 us/cm  NTC channel mode: single channel

(Use KCL or NaCL solution for calibration) El?é:CalibratEd

Calibration Temperature: 25.0 °C

:

CH1 Data CH2 Data

Conductivity:l:l us/cm  TEMP: l:l “C Conductivity:l:l us/cm  TEMP: l:l “C

4000 A0 4000 100
3500 %0 3500 %0
80 80
£ 3000 £ 3000
kg 7 g 7
2500 ) 2500 o
z & z &
2 2000 50 % 2 2000 50 %
3 o 3 o
3 150 0 = 3 150 0 =
30 30
S 1000 S 1000
20 20
500 10 500 0
v
o 0 o 0
0 2 100 120 0 2 100 120

60 60
TIMEs TIMEs

Start ort
=

Tip : Framing any area of the data window to zoom in, and double-click any position of the data window to restore the original size.
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The exported excel spreadsheet includes test data such as time, temperature and conductivity, as

shown below.

A B C D

1 |TIME(zd TEMF{C) Conductivitv(usicm)
2 0 24.4 4895

3 1 24.4 439.5

4 2 244 430.5

5 3 24.4 439.5

6 4 24.4 4895

7 5 24.4 439.5

8 ) 244 430.5

g 7 24.4 439.5
10 3 24.4 4895
11 e 24.4 439.5
12 10 244 430.5
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5 Platform Example

The platform provides the Holtek TDS product application examples. Users can export the desired

application project example for reference according their actual development requirements.

Measurement ranges of the platform examples:

» Temperature measurement range: 0~99°C

e TDS measurement range: 0~2000PPM

* TDS measurement accuracy: +5%

5.1. Exporting a Platform Example

Click the “Platform Example” icon on the main interface to open the “Platform Example” window.

Ay

New Project

ol

Calibration Monitorir)

71 TDS Workshop

Project Language Tool

Help

Recently Opened Projects

Untitled  C:\UserswyN\Documents\TDS - ProjectiUntitled\Untitled. pitds

Example (AL ADoc (TDS Proectlntitded NExamale aid:

| — | <]

Platform Example|

[ BampleName _________[Operating Voltage | SystemFrequency ||
TDS water quality detection pen 33V 8Mhz
TDS water quality detection pen 3.3V 8Mhz
Single-channel water quality detection module 5V 8Mhz
Dual-channel water quality detection module 5V 8Mhz

W Platform Example o

I
I
I

Example  C:\UserstxyNDocuments\TDS  Project\Untitled6\Example. pitds

The platform example table lists the operating voltage, system frequency, MCU part number, TDS

setting, NTC setting and other parameters. Single-click on any one of the examples and an “Export

Example” window will pop up. Edit the project name and select the project file storage location.

Then click “OK” to enter the project configuration interface which is the same as described in

the “Create a New Project” section. According to the actual application requirements, users can

reconfigure the project or click “Next” without changing the configuration options, until the HT-

IDE3000 project has been completely generated.

Platform Example

Single-channel
Dual-channel w.

Project Name:

[untitled |

Project Location:

[c:\psershoyFBoauments\TDs_Project |-

Cancel

Rev. 1.40

25

June 30, 2023



HDLTEK# TDS Workshop User Guide

6 Library Function Description

The TDS libraries for each MCU currently provided by the platform are shown below. Selecting
different applications on the platform will automatically generate the corresponding libraries.

MCU TDS Libraries Description
HT66E0185 HT66F0185_S_TDS.lib HT66F0185 single-channel TDS library
HT66F0185_D TDS.lib HT66F0185 dual-channel TDS library
HT66F0176 HT66F0176_S_TDS.lib HT66F0176 single-channel TDS library
HTE6F019 HT66F019_S_TDS.lib HT66F019 single-channel TDS library
HT66F019_D_TDS.lib HT66F019 dual-channel TDS library
HT66F3185_S_TDS.lib HT66F 3185 single-channel TDS library
HT66F3185 - -
HT66F3185 D TDS.lib HT66F3185 dual-channel TDS library
HT66F3195 HT66F3195_S_TDS.lib HT66F3195 single-channel TDS library
HT66F3195_D_TDS.lib HT66F3195 dual-channel TDS library
HT66F2030 HT66F2030_S_TDS.lib HT66F2030 single-channel TDS library

6.1 TDS Macro Definitions and Library Functions

The platform will generate the following definitions based on the TDS configuration:

e Fun TDS1 and Fun TDS2 are defined in the define.h file, where 37/57/67 indicates the corre-
sponding probe type. Only Fun_TDSI1 is defined if single-channel mode is selected.

fidefine Fun_TDS1 37
fidefine Fun_TDS2 37

» The TDS related configurations are defined in the IO_define.h file. TDSn POS_ADDR and
TDSn_NEG_ADDR define the input/output port data register addresses of the TDS pulse pins.
TDSn POS OFFSET ADDR and TDSn NEG OFFSET ADDR define the configuration values
of these input/output port data registers. TDSn_ AD CHANEL defines the TDS AD acquisition
channel. TDSn_IO MULTI_ADDR defines the pin-shared control register address of the TDS AD
acquisition pin. TDSn_I0_MULTI defines the pin-shared control register configuration value of
the TDS AD acquisition pin.

ttdefine TDS1_POS_ADDR as1y TDSI1 pulse pin conﬁguratjon
fidefine TDS1_POS_OFFSET_ADDR axX808

ftdefine TDS1_HEG_RADDR ax1y

fidefine TDS1 HEG _OFFSET_ADDR axze

#define TDS1_AD_CHANEL 5 TDS1 AD acquisition pin configuration
fidefine TDS1_IO_MULTI_ADDR ax4h

fidefine TDS1 I0 HULTI ax2a

#define TDS2_POS_ADDR axu1 TDS2 pulse pin configuration
fidefine TDS2_POS_OFFSET_ADDR axan

ftdefine TDS2_HEG_RADDR ax1y

fidefine TDS2 HEG _OFFSET_ADDR axaz

#define TDS2_AD_CHAMEL 3 TDS2 AD acquisition pin configuration
fidefine TDS2_I0_HULTI_ADDR ax4h

ftdefine TDS2 I0 HULTI A= 08

The TDS libraries include the following functions.

Function Description
TDS_Init() TDS initialisation function
Start_TDS1() TDS channel 1 acquisition function
Start_TDS2() TDS channel 2 acquisition function

Get_TDS_C1_K() TDS channel 1 conductivity calculation function
Get_TDS_C2_K() TDS channel 2 conductivity calculation function
GET_NTC1_Value() | Temperature acquisition function, returns the temperature value directly
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6.1.1 TDS Initialisation Function

The TDS_Init() function is used for TDS pin and parameter initialisation.

6.1.2 TDS Acquisition Functions

The Start TDS1() and Start TDS2() functions are used to start the TDS ADC function and
implement TDS acquisition. Start TDS1() is for TDS channel 1 and Start_ TDS2() is for channel 2.
If the single-channel option is selected, it corresponds to the channel 1 function.

6.1.3 TDS Calculation Functions

The Get TDS C1_K() and Get TDS C2 K() functions are used to process the TDS data and
calculate the TDS conductivity values.

Get TDS C1_K() is for TDS channel 1 and Get TDS C2 K() is for channel 2. After the calculation
has finished, the corresponding flag, F TDS1Count Done for channel 1 and F TDS2Count Done
for channel 2, will be set to “1”. The channel results will be magnified 10 times and stored in the
U16_TDS1 kand Ul6_TDS2 k variables respectively (unit: us/cm).

The results obtained by the calculation function have not been temperature compensated and TDS
calibrated. The temperature compensation and calibration functions are defined in the process.c file.
Compensation_ TDS1() and Compensation_ TDS2() are the temperature compensation functions.
The conductivity value after temperature compensation is stored in the Ul16_ TDS1 k and U16_
TDS2 k respectively. TDS_fun handle() is the calibration function. The TDS calibrated result is
stored in TDS1_K for channel 1 and TDS2 K for channel 2. Here the temperature compensation and
calibration results (unit: us/cm) both are 10 times their raw values.

6.1.4 Temperature Acquisition Macro Definitions and Functions

The platform will generate the following definitions based on the NTC configuration:

e Fun NTCI and Fun_NTC?2 are defined in the define.h file. Only Fun NTCI is defined if single-
channel mode is selected.

fidefine Fun_HNTCA
fidefine Fun_HTC2

* The NTC related configurations are defined in the IO _define.h file. NTCn_ 10 MULTI ADDR
defines the pin-shared control register address of the NTC AD acquisition pin. NTCn_IO0_MULTI
defines the pin-shared control register configuration value of the NTC AD acquisition pin. NTCn_
sadc0, NTCn_sadcl and NTCn_sadc2 configure the NTC AD conversion registers.

#idefine HNTCA_TYPE 2 NTCI circuit type
“dEF:_l"E HTC1_TOP 27 NTCI1 temp. upper/lower limit
f#idefine WTC1_FLOOR a
#idefine NTC1_IO _pba NTCI circuit control I/O
fidefine NTC1_IOC pbc@
fidefine NTC1_I0_MULTI_ADDR Bxhh NTC1 AD acquisition pin configuration
f#idefine HTC1_ 10 HULTI Bz 82
#tdefine NTC1_sadc@ ax11 . . .
#define NTC1 sadci Bx 03 NTC1 AD conversion register configuration
#idefine NTC1_sadc? @x 00
fidefine NTC2 TYPE 2 NTC2 circuit type
“dEF:_mE NTC2Z_TOP 29 NTC2 temp. upper/lower limit
#define HTCZ FLOOR a
fidefine NTCZ_IO _pb5 NTC2 circuit control I/O
fidefine NTC2 I0C pbct
“dEF:_mE NTC2_I10_MULTI_ADDR Bz 44 NTC2 AD acquisition pin configuration
fidefine HTCZ2 10 HMULTI Az a4
fdefine NTC2_sadc® 0:x12 NTC2 AD convertion register configuration
fidefine HNTC2_sade Bx 83
fidefine NTCZ sadc? 0= 88
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* The temperature AD values are stored in the NTC Table.h file.

const unsigned int NTC1_table[] =

i

980,1817,1054,1893 ,1132 1172 ,1212 ,1253 ,1295,1336,
1379 ,1422 1466 ,1589 1554 1598 1642 1687 1732 1777,
1822 1868 ,1912,1958,20802,2047,2091,2136,2180,2223,
2266,2309,2352,2393,2435,2476,2516,2556,2595,2633,
2671,2788,2745,2781,2816,2851,2884,2917,29508,2981,
3812,3043,30872,3101,3129,3156,3183,32089,3234,3259,
3283,3386,3329,3351,3372,3393,3414,3433,3452,3471,
3489 ,3586,3523,3540,3556,3571,3586,36081,3615,3629,
3642 ,3655,3667 ,3679,3691,37082,3713,3724,3734,3744,
3754,3763,3772,3781,3789,3797,3806,3813,3821,3828

¥
const UnSianEd int HTCZ2_table[] =

980,1817,1854,16893 ,1132,1172,1212,1253,1295,1336,

13791422 ,1466,15089 ,1554,1598 ,1642 ,1687 ,1732,1777,
1822,1868,1912,1958,20082,2047,20891,2136,2188,2223,
2266,2389,2352,2393,2435,2476,2516,2556,2595,2633,
2671,27088,2745,2781,2816,2851,2884,2917,29508,2981,
3812,36843,3672,3101,3129,3156,3183,32689,3234,3259,
3283,3386,3329,3351,3372,3393,3414,3433,3452,3471,
3489 ,3586,3523,3548,3556,3571,3586,3661,3615,3629,
3642 ,3655,3667,3679,3691,3702,3713,3724,3734,3744,
3754,3763,3772,3781,3789,3797,38086,3813,3821,3828

¥
The temperature acquisition functions are defined in the Temp.c file. GET _NTC1_Value()
corresponds to NTC channel 1 and GET_NTC2 Value() corresponds to NTC channel 2. These
functions will return the temperature value (unit: °C) directly, which is 10 times the actual value.

6.2 Communication Description

The TDS modules support either the UART or IIC communication with the platform, which
is respectively implemented by connecting the USB-to-UART (HT42B534-2) or USB-to-IIC
(HT42B532-1) bridge on the display board to the USB.

6.2.1 Macro Definitions and Communication Protocol

When the UART or IIC communication interface is selected on the platform, Fun_Communicate and
Fun_UART or Fun_IIC in the define.h file will be defined.

fidefine Fun_UART
#idefine Fun_Communicate
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The communication pins are defined in the IO_define.h file, as shown below.

MCU Pin Definition Value Communication Pin
0x00 Select PD2 as TX pin
UART_TX -
0x02 Select PB3 as TX pin
0x00 Select PD1 as RX pin
UART_RX -
- 0x01 Select PB4 as RX pin
HT66F0185 -
0x00 Select PC4 as SDA pin
IIC_SDA -
0x10 Select PA3 as SDA pin
0x00 Select PC5 as SCL pin
IIC_SCL -
- 0x08 Select PB6 as SCL pin
0x00 Select PC6 as TX pin
UART_TX -
0x02 Select PB3 as TX pin
0x00 Select PC5 as RX pin
UART_RX :
- 0x01 Select PB4 as RX pin
HT66F0176 -
0x00 Select PC3 as SDA pin
IIC_SDA :
0x10 Select PA3 as SDA pin
0x00 Select PC4 as SCL pin
IIC_SCL -
- 0x08 Select PB6 as SCL pin
0x00 Select PA6 as TX pin
UART_TX -
0x02 Select PB3 as TX pin
0x00 Select PA7 as RX pin
HT66F019 UART_RX -

- 0x01 Select PB4 as RX pin
IIC_SDA — PA3 is SDA pin
IIC_SCL — PB6 is SCL pin

0x00 Select PCO as TX pin
0x01 Select PC1 as TX pin
UART_TX -

- 0x02 Select PD1 as TX pin
0x03 Select PD2 as TX pin
0x00 Select PD1 as RX pin

HT66F3185 UART_RX -
0x01 Select PC1 as RX pin
0x00 Select PC4 as SDA pin

IIC_SDA :
- 0x01 Select PA3 as SDA pin
0x00 Select PC5 as SCL pin
IIC_SCL -
0x01 Select PB6 as SCL pin
0x00 Select PCO as TX pin
UART_TX -

- 0x01 Select PD2 as TX pin

0x00 Select PD1 as RX pin
UART_RX -
0x01 Select PC1 as RX pin

HT66F3195 -
0x00 Select PC4 as SDA pin

IIC_SDA -
- 0x01 Select PA3 as SDA pin
0x00 Select PC5 as SCL pin

IIC_SCL -
0x01 Select PB6 as SCL pin
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MCU Pin Definition Value Communication Pin
0x00 Select PA3 as RX pin
UART_RX 0x01 Select PA7 as RX pin
0x02 Select PB1 as RX pin
0x00 Select PA5 as TX pin
UART_TX 0x01 Select PA6 as TX pin
HT66F2030 -
0x02 Select PB2 as TX pin
0x00 Select PA5 as SDA pin
IIC_SDA 0x01 Select PBO as SDA pin
0x02 Select PB1 as SDA pin
IIC_SCL — Select PB2 as SCL pin
UART definition example:
 In the define.h file:
fidefine Fun_Communicate 1
I#define Fun_UART 1
* Inthe IO _define.h file:
ftdefine UART_TX 8z 83
#idefine UART_RX gz 0a

If the IIC communication method is selected, data reception and transmission are executed in the IIC
interrupt subroutine. As for UART communication, data reception is executed in the UART interrupt
subroutine and data transmission is implemented using the Send Data() function. The Rx Data_
Handle() function is used to process the received data.

6.2.2 Communication Protocol

The communication between the TDS module and the platform is based on the protocol described in
the following table. The TDS Workshop operates as a host and the TDS module operates as a slave.
The host can request various operations, such as calibrating the TDS value and temperature value,
obtaining the probe information, calibration information, TDS value and temperature value and
requesting the module to enter the sleep mode.

TDS Water Quality Detection Module Communication Protocol

Frame Format (applied to all communications)

Character Type | Frame Header Data Length Command Data Checksum
Byte Count
(byte) 1 1 1 L 1
Data 0x55 Length Command Data Checksum

Description

Length: Length+Command+Data+Checksum total length=1+1+L+1;
Data: high byte is transmitted first then low byte;
Checksum: from the frame header to data, single byte accumulation.
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TDS Water Quality Detection Module Communication Protocol

Host Commands

1. Host obtains product information (Command:0x00)

Byte1 Byte2 Byte3 Byte4~7 Byte8
Frame Header| Length |Command Data Checksum
0x55 0x07 0x00 0x00 0x5C

Note: The obtained product information is mainly probe type related information.
2. Host obtains TDS calibration information (Command:0x01)

Byte1 Byte2 Byte3 Byte4 Byte5~7 Byte8
Frame Header| Length |Command Data Data Checksum
0x55 0x07 0x01 0x00

Note: Byte4 indicates the TDS channel. Byte4=0x01 means to obtain the TDS calibration
information of channel 1.
3. Host obtains NTC calibration information (Command:0x02)

Byte1 Byte2 Byte3 Byte4 Byte5~7 Byte8
Frame Header| Length |Command Data Data Checksum
0x55 0x07 0x02 0x00

Note: Byte4 indicates the NTC channel. Byte4=0x01 means to obtain the NTC calibration
information of channel 1.
4. Host sets the module to enter TDS calibration mode (Command:0x03)

Byte1 Byte2 Byte3 Byte4~7 Byte8
Frame Header| Length |Command Data Checksum
0x55 0x07 0x03
Note:

(1) Byte4 indicates the TDS channel. Byte4=0x01 means to set the TDS channel 1 to enter
the calibration mode.

(2) Byte5 indicates the calibration mode and calibration points. Bit7 indicates the calibration
mode; bit7=0 means single-point mode, bit7=1 means multi-point mode. Bit6~bit0 indi-
cate the calibration point.

(3) Byte6~7 indicates the standard solution concentration value sent from the host to the
slave, which is 10 times the raw value. For example, if the actual concentration is
1000.0us/cm, then Byte6=0x27 and Byte7=0x10, with the high byte being first transmit-
ted.
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TDS Water Quality Detection Module Communication Protocol

(4) After receiving the command from the host, the slave will first return an acknowledge-
ment indicating that it has received the command and is calibrating. The host can obtain
the calibration information at regular intervals until the calibration is completed.

5. Host sets the module to enter NTC calibration mode (Command:0x04)

Byte1 Byte2 Byte3 Byte4~7 Byte8
Frame Header| Length |Command Data Checksum
0x55 0x07 0x04
Note:

(1) Byte4 indicates the NTC channel. Byte4=0x01 means to set the NTC channel 1 to enter
the calibration mode.

(2) Byte5~6 indicates the calibration solution temperature sent from the host to the slave,
whose value is 10 times the raw value. For example, if Byte5=0x01 and Byte6=0x01,
then the solution temperature is 25.7°C.

(3) After receiving the command from the host, the slave will first return an acknowledge-
ment indicating that it has received the command and is calibrating. The host can obtain
the calibration information at regular intervals until the calibration is completed.

Host
ost Commands 6. Host obtains conductivity and temperature values (Command:0x05)

Byte1 Byte2 Byte3 Byte4~7 Byte8
Frame Header| Length |Command Data Checksum
0x55 0x07 0x05
Note:

(1) Byte4 indicates the channel. Byte4=0x01 means to obtain the conductivity and tempera-
ture values of channel 1.
(2) The conductivity unit is us/cm and the temperature unit is °C. The obtained conductivity
and temperature values both are 10 times the raw values.
7. Host requires the module to enter sleep mode (Command:0x06)

Byte1 Byte2 Byte3 Byte4~7 Byte8
Frame Header| Length |Command Data Checksum
0x55 0x07 0x06 0x00 0x62

Note: After receiving the command from the host, the slave will directly enter the sleep mode
without returning an acknowledgement.

1. Slave sends product information to host (Command:0x80)

Byte1 Byte2 Byte3 Byte4~10 | Byte11
Frame Header| Length |Command Data Checksum
0x55 0x0a 0x80
Note:

(1) Byte4 indicates the channel 1 probe type. Byte4=0x00 means the channel has no TDS,
Byte4=37/57/67 indicates the corresponding probe type.
(2) Byte5 indicates the channel 2 probe type. Byte5=0x00 means the channel has no TDS,
Byte5=37/57/67 indicates the corresponding probe type.
(3) Byte6 indicates the NTC channel count.
2. Slave sends TDS calibration information to host (Command:0x81)

Slave Com-
mands Byte1 Byte2 Byte3 Byte4~10 | Byte11
Frame Header| Length |Command Data Checksum
0x55 0x0a 0x81
Note:

(1) Byte4=0x00 means the TDS is not calibrated; Byte4=0x01 means the TDS is calibrated.

(2) Byte5 indicates the channel. Byte5=0x01 means to send the TDS calibration information
of channel 1.

(3) Byte6 indicates the calibration mode and calibration points. Bit7 indicates the calibration
mode; bit7=0 means single-point mode, bit7=1 means multi-point mode. Bit6~bit0 indi-
cate the current TDS calibration point.

(4) Byte7~8 indicates the calibration standard concentration (unit: us/cm), whose value is
10 times the actual value. The high byte is transmitted first then the low byte.
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Slave Com-

(5) Byte9~10 indicates the solution temperature (unit: °C) when calibrating TDS, whose
value is 10 times the actual value. For example, if Byte7=0x01 and Byte8=0x01, then
the solution temperature is 25.7°C.

3. Slave sends NTC calibration information to host (Command:0x82)

Byte1 Byte2 Byte3 Byte4~10 | Byte11
Frame Header| Length |Command Data Checksum
0x55 0x0a 0x82
Note:

(1) Byte4=0x00 means the NTC is not calibrated; Byte4=0x01 means the NTC is calibrated.

(2) Byte5 indicates the channel. Byte5=0x01 means to send the NTC calibration informa-
tion of channel 1.

(3) Byte6~7 indicates the calibration solution temperature (unit: °C), whose value is 10
times the actual value. For example, if Byte7=0x00 and Byte8=0xfa, then the calibration
solution temperature is 25.0°C.

4. Slave returns acknowledgement signal (Command:0x83/0x84)

u Byte1 Byte2 Byte3 Byte4~10 | Byte11
mands Frame Header| Length |Command Data Checksum
0x55 0x0a 0x83/0x84 i .
Note: When the slave receives the host's command that requires it to enter the TDS/NTC cali-
bration mode, the slave will return an acknowledgement signal to the host.
5. Slave returns conductivity and temperature values (Command:0x85)
Byte1 Byte2 Byte3 Byte4~10 | Byte11
Frame Header| Length |Command Data Checksum
0x55 0x0a 0x85
Note:
(1) Byte4 indicates the channel. Byte4=0x01 means to send the conductivity and tempera-
ture values of channel 1.
(2) Byte5~6 indicates the conductivity (unit: us/cm). The high byte is transmitted first then
the low byte. The transmitted value is 10 times the actual conductivity value.
(3) Byte7~8 indicates the temperature (unit: °C), whose value is 10 times the actual tem-
perature value.
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7 Appendix

7.1 Physical Pictures
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7.3 Tests
Vop=5.0V; HIRC=8MHz; Probe Type: TDS-57
Standard Instrument Probe 1 Probe 2 Probe 3 Probe 1 ‘ Probe 2 ‘ Probe 3
MEHE) (u-;l/)csm) e (u-;l/)csm) L) (pzll:::sm) AEHS) (stlljcsm) wi&elsita:xz;g?;siﬁrn?::?%)
25.3 52.0 254 50.3 254 50.5 254 50.3 -3.27 -2.88 -3.27
253 61.6 253 61.0 253 61.7 252 61.3 -0.97 0.16 -0.49
25.4 80.8 25.5 79.0 255 80.5 25.4 80.0 -2.23 -0.37 -0.99
25.4 101.5 25.4 100.3 25.4 101.0 25.4 101.0 -1.18 -0.49 -0.49
25.4 121.0 254 119.2 254 120.4 25.4 120.6 -1.49 -0.50 -0.33
254 158.8 253 157.5 253 158.8 253 159.6 -0.82 0.00 0.50
254 211.0 25.3 207.0 253 208.6 254 210.7 -1.90 -1.14 -0.14
25.4 269.0 25.3 265.4 253 267.6 25.3 270.6 -1.34 -0.52 0.59
25.5 302.0 25.4 297.4 254 299.9 25.4 304.1 -1.52 -0.70 0.70
254 353.0 25.3 348.4 253 351.5 254 355.9 -1.30 -0.42 0.82
253 403.0 25.2 397.7 25.2 400.6 25.2 407.5 -1.32 -0.60 1.12
25.4 453.0 25.3 448.2 25.3 451.8 25.3 458.9 -1.06 -0.26 1.30
25.5 502.0 25.3 497.8 254 500.3 25.4 507.9 -0.84 -0.34 1.18
25.5 601.0 25.5 596.7 255 599.7 255 609.8 -0.72 -0.22 1.46
25.4 702.0 25.3 698.7 253 700.0 253 7104 -0.47 -0.28 1.20
254 802.0 254 801.1 254 801.1 254 813.0 -0.11 -0.11 1.37
25.5 904.0 25.4 905.2 25.4 901.6 25.4 915.1 0.13 -0.27 1.23
25.6 1008.0 255 | 10113 | 255 | 1007.3 | 255 | 1020.5 | 0.33 -0.07 1.24
25.6 1209.0 255 | 1219.0 | 2565 | 11975 | 255 | 12228 | 0.83 -0.95 1.14
25.7 1406.0 256 | 1419.7 | 256 | 14088 | 256 | 1418.1 0.97 0.20 0.86
25.6 1608.0 256 | 16342 | 256 | 1608.1 | 256 | 1608.1 1.63 0.01 0.01
25.7 1821.0 259 | 1864.8 | 259 | 1813.3 | 258 | 1830.2 2.41 -0.42 0.51
255 2070.0 255 | 2067.3 | 255 | 2007.7 | 255 | 2054.0 | -0.13 -3.01 -0.77
255 2220.0 255 | 22238 | 255 | 21434 | 255 | 21745 | 0.17 -3.45 -2.05
25.4 2410.0 254 | 24139 | 254 | 23581 | 253 | 2379.1 0.16 -2.15 -1.28
25.5 2630.0 254 | 2667.1 | 254 | 25758 | 254 | 2583.3 1.41 -2.06 -1.78
254 2810.0 253 | 28324 | 253 | 27323 | 253 | 2769.1 0.80 -2.77 -1.46
253 3010.0 253 | 3065.9 | 253 | 2043.1 | 253 | 29478 1.86 -2.22 -2.07
253 3300.0 252 | 3355.8 | 252 | 3256.6 | 252 | 32459 1.69 -1.32 -1.64
25.3 3630.0 252 | 3659.3 | 252 | 3576.1 | 25.2 | 3551.1 0.81 -1.48 -2.17
25.3 3800.0 253 | 3870.7 | 252 | 3731.6 | 252 | 3759.4 1.86 -1.80 -1.07
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Vop=5.0V; HIRC=8MHz; Probe Type: TDS-67
Standard Instrument Probe 1 Probe 2 Probe 3 Probe 1 ‘ Probe 2 ‘ Probe 3
o TDS o TDS o TDS o TDS Relative Error compared
RS (ps/cm) ) (ps/cm) AR (us/cm) AMERS) (us/cm) | with Standard Instrun?ent (%)
25.3 52.0 25.6 51.3 25.7 51.7 25.6 51.1 -1.35 -0.58 -1.73
25.3 61.6 25.6 61.5 25.6 62.0 25.6 61.0 -0.16 0.65 -0.97
254 80.8 257 80.8 25.8 81.4 25.8 80.0 0.00 0.74 -0.99
254 101.5 257 101.3 25.8 102.2 25.7 100.6 -0.20 0.69 -0.89
254 121.0 25.7 121.4 25.8 122.2 25.7 120.4 0.33 0.99 -0.50
254 158.8 25.6 159.8 25.7 161.0 25.7 158.5 0.63 1.39 -0.19
254 211.0 25.7 2111 25.8 212.7 257 209.7 0.05 0.81 -0.62
254 269.0 25.6 270.0 25.7 2721 25.6 268.7 0.37 1.15 -0.11
255 302.0 25.7 304.4 25.8 306.6 25.7 302.3 0.79 1.52 0.10
254 353.0 25.7 355.3 25.8 358.1 25.8 353.1 0.65 1.44 0.03
253 403.0 25.6 407.5 25.7 410.5 25.7 405.4 1.12 1.86 0.60
254 453.0 25.6 458.2 25.7 461.5 25.6 455.9 1.15 1.88 0.64
255 502.0 257 510.3 25.8 514.3 25.8 507.7 1.65 2.45 1.14
255 601.0 25.7 613.1 25.8 616.7 25.8 609.5 2.01 2.61 1.41
254 702.0 25.6 717.6 25.7 721.8 25.7 7141 2.22 2.82 1.72
254 802.0 25.6 823.3 25.7 825.7 257 817.6 2.66 2.96 1.95
255 904.0 257 931.1 25.9 933.9 25.8 926.4 3.00 3.31 2.48
25.6 1008.0 25.8 1038.5 25.9 1042.9 25.8 1035.4 3.03 3.46 2.72
25.6 1209.0 25.8 1256.1 25.9 1257.6 25.9 1249.6 3.90 4.02 3.36
257 1406.0 25.8 1463.3 25.9 1468.7 259 1460.5 4.08 4.46 3.88
25.6 1608.0 25.8 1683.6 25.9 1684.3 25.8 1677.6 4.70 4.75 4.33
25.7 1821.0 26.0 1914.8 26.0 1910.0 26.0 1900.3 5.15 4.89 4.35
255 2070.0 25.8 2129.9 26.0 2113.1 25.9 2117.2 2.89 2.08 2.28
255 2220.0 257 2283.9 25.8 2266.8 25.7 2265.0 2.88 2.1 2.03
254 2410.0 25.6 2483.6 25.7 2468.1 257 2482.4 3.05 2.41 3.00
255 2630.0 25.7 2705.3 25.8 2704.1 25.7 2709.4 2.86 2.82 3.02
254 2810.0 25.6 2902.2 25.8 2872.6 25.7 2896.5 3.28 2.23 3.08
25.3 3010.0 255 3122.9 25.7 3090.1 25.6 3116.7 3.75 2.66 3.54
253 3300.0 255 3442.9 25.7 3393.3 25.6 34422 4.33 2.83 4.31
25.3 3630.0 255 3807.2 25.6 3742.8 25.6 3792.5 4.88 3.11 4.48
25.3 3800.0 255 3987.2 25.6 39254 25.6 3994.9 4.93 3.30 5.13
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Vpp=5.0V; HIRC=8MHz; Probe Type: TDS-37
Standard Instrument Probe 1 Probe 2 Probe 1 Probe 2
o TDS o TDS o TDS Relative Error compared with
AR (ps/cm) RS (ps/cm) LR (us/cm) Standard Instrunl:ent (%)
24.3 64.7 24.5 64.3 245 66.1 -0.62 2.16
241 81.0 24.4 80.3 24.4 82.7 -0.86 2.10
24.2 90.7 244 89.8 244 92.6 -0.99 2.09
241 101.5 24.3 100.8 24.3 104.0 -0.69 2.46
241 122.2 24.4 121.0 24.4 125.3 -0.98 2.54
24.2 159.6 24.4 158.4 24.4 164.0 -0.75 2.76
241 212.0 24.4 208.8 24.4 216.7 -1.51 2.22
24.2 269.0 24.4 264.8 24 .4 2754 -1.56 2.38
24.2 321.0 24.4 316.2 24.4 329.0 -1.50 2.49
24.2 353.0 24.4 347.5 24.4 361.8 -1.56 2.49
24.2 404.0 24.4 398.7 24.4 414.4 -1.31 2.57
24.2 453.0 24.4 4457 24.4 463.2 -1.61 2.25
241 540.0 24.4 531.5 24.4 552.8 -1.57 2.37
241 601.0 24.3 592.0 24.4 614.6 -1.50 2.26
241 708.0 24.4 697.0 24.4 724.7 -1.55 2.36
241 802.0 243 792.2 243 823.1 -1.22 2.63
24.0 906.0 24.2 894.7 24.3 926.0 -1.25 2.21
24.0 1010.0 24.2 999.6 242 1035.2 -1.03 2.50
24.0 1209.0 24.2 1197.0 242 1235.9 -0.99 2.22
24.0 1410.0 24.2 1395.4 24.2 1439.7 -1.04 2.1
241 1628.0 24.2 1624.0 242 1665.6 -0.25 2.31
241 1844.0 24.2 1844.5 242 1891.3 0.03 2.57
24.0 2070.0 24.2 2017.2 24.3 2061.2 -2.55 -0.43
24.0 2220.0 24.2 2175.3 24.3 2218.8 -2.01 -0.05
24.0 2410.0 243 2347.5 243 2401.6 -2.59 -0.35
241 2630.0 24.3 2564.8 24.3 2623.0 -2.48 -0.27
241 2810.0 24.3 2753.8 24.3 2810.6 -2.00 0.02
241 3010.0 24.3 2952.2 24.3 3011.1 -1.92 0.04
24.2 3300.0 243 3251.2 24 .4 3307.9 -1.48 0.24
241 3630.0 24.4 3589.1 24.4 3657.6 -1.13 0.76
241 3800.0 24.4 3761.4 24.4 3828.7 -1.02 0.76

Rev. 1.40

40

June 30, 2023



TDS Workshop User Guide

HOLTEK i ’

unit: us/cm
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The information provided in this document has been produced with reasonable care and attention
before publication, however, HOLTEK does not guarantee that the information is completely
accurate. The information contained in this publication is provided for reference only and may
be superseded by updates. HOLTEK disclaims any expressed, implied or statutory warranties,
including but not limited to suitability for commercialization, satisfactory quality, specifications,
characteristics, functions, fithess for a particular purpose, and non-infringement of any third-
party’s rights. HOLTEK disclaims all liability arising from the information and its application. In
addition, HOLTEK does not recommend the use of HOLTEK’s products where there is a risk of
personal hazard due to malfunction or other reasons. HOLTEK hereby declares that it does not
authorise the use of these products in life-saving, life-sustaining or safety critical components. Any
use of HOLTEK’s products in life-saving/sustaining or safety applications is entirely at the buyer’s
risk, and the buyer agrees to defend, indemnify and hold HOLTEK harmless from any damages,
claims, suits, or expenses resulting from such use. The information provided in this document,
including but not limited to the content, data, examples, materials, graphs, and trademarks, is the
intellectual property of HOLTEK (and its licensors, where applicable) and is protected by copyright
law and other intellectual property laws. No license, express or implied, to any intellectual property
right, is granted by HOLTEK herein. HOLTEK reserves the right to revise the information described
in the document at any time without prior notice. For the latest information, please contact us.
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