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Relative humidity and temperature sensor

with I>C Interface

Product Overview

NSHT30 is a relative humidity and temperature sensor
with I2C Interface. It is a CMOS-MEMS sensor chip based
on Novosense's new humidity and temperature
platform. NSHT30 integrated a capacitive-based relative
humidity sensor, a COMS temperature sensor, a signal
processor, and a high speed I2C interface in a single chip
and packaged in a small Open-Cavity DFN package. The
Outline of the DFN package is only 2.5 mm in length, 2.5
mm in width and 0.9 mm in height. This allows the
NSHT30 to be more widely integrated into a variety of
applications. In addition, the I?C interface with two
distinctive and selectable [1?C addresses and
communication speeds of up to 1 MHz, the wide supply
voltage range from 2V to 5.5V, makes the NSHT30 more
compatible in various application environments.

Besides, the NSHT30 includes new integrated digital
feature with programmable interrupt thresholds to
provide alerts and system wake-up without requiring a

microcontroller to continuously monitor the system.

Key Features

e Fully calibrated and linearized

e Relative humidity and temperature compensated
digital output

*  Widesupply voltage range, from2Vto 5.5V

e Typical accuracy of 3%RH and 0.3 °C for NSHT30

e [2C Interface with communication speeds up to 1 MHz
—Two selectable addresses

—Data protection with CRC checksum
*  8-Pin DFN package

Applications

e Washer &dryer

*  Smart Thermostats and Room Monitors
*  White Goods

e Printers

¢ Humidifier/dehumidifier

e Airquality

*  Wireless Sensor

e Home appliances

Device Information

Part Number Package Body Size
NSHT30-QDNR DFN (8) 2.5mm % 2.5mm
x0.9mm

Typical application circuit

—— VDD
A
M
NSHT35
o)
5 SDA GND T 100nF
J__ ADDR R 1
§ ALERT NRESET 5
) SCL VDD

Figure 1. Typical application circuit
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1. in Configuration and Functions

1 8
2 [ 7
3| 6
4: 5

Figure 1.1 NSHT30 Package
Table 1.1 NSHT30 Pin Configuration and Description

NSHT30 PIN Function Description
NO.
1 SDA Serial data pin, a pullup resistor needs to be connected
2 ADDR Address pin, connect to either logic high or low, do not leave floating
3 ALERT Indicates alarm condition, must be left floating if unused
4 SCL Serial clock pin, a pullup resistor needs to be connected
5 VDD Supply voltage, 2.0V to 5.5V
6 NRESET Reset pin, active low; if not used it is recommended to be left floating
7 R No electrical function; to be connected to GND
8 GND Ground

1.1. Power Pins

As shown in the Typical application Circuit (Figure 1.2), the power supply pin must be connected to a 100 nF capacitor. The
capacitor should be as close to the sensor as possible. Capacitance plays a coupling role in the whole circuit. For the Voltage
information, please refer to Part 2 in this document.

1.2. Serial Clock and Serial Data (SCL, SDA)

The NSHT30 operates as a SLAVE in 12C communication and must be queried by a Master. For the 12C connection between the
Master (microcontroller) and NSHT30, the SCL pin serves as the clock. Namely, the SDA pin is involved in data transfer
between the microcontroller and sensor.

The user may freely choose a communication frequency range between 0 and 1000 kHz. Low-frequency communication (<
400kHz) should conform to the 12C fast mode standard. Communication frequencies of up to 1 MHz are supported if the
specifications in Part 4.4 are followed.

SCL and SDA are open-drain I/Os with diodes connected to VDD and VSS inside the chip. They should be connected to VDD
with external pull-up resistors as shown in Figure 1.2. As devices on the 1°C bus can only drive a line to ground, the external
pull-up resistors (such as Rp=10 KQ) are needed to get High level.

Bus capacitance and communication frequency are two major factors that affect the value of pull-up resistors. Detail can be
found in Section 7.1 of NXPs I12C Manual. Be careful that pull-up resistors may be integrated inside the microcontrollers. They
should be taken into consideration.
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—T VDD
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NSHT35
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% ALERT NRESET %
$ SCL VDD

Figure 1.2. Typical application circuit

1.3. ADDR Pin

NSHT30 has two selectable addresses (see Table 1.2), which is realized by different wiring method of the ADDR pin. It has two
connection states: logic high and logic low. Switching voltage on the ADDR pin from the logic Low level to the logic High level
can dynamically change the address of the sensor. Therefore, more than two NSHT30 can be connected on the same bus. But
during 12C communication, the level on the ADDR pin should be kept constant until the communication is completed.

If dynamic switching address is preferred, a separate ADDR line should be connected between the microcontroller and
NSHT30.

Pay attention that the 1°C address mentioned here is the higher 7 Bits of the 8 Bits address byte at the beginning of I2C read or
write. The last bit indicates the read or write direction of 12C communication. As shown in Table 1.2 and Figure 1.2, the wiring
of ADDR default address is connected to logic low level. The ADDR pin must not be left floating.

Table 1.2. I12C device addresses

7Bits I>C Address .
NSHT30 Condition
Hex.
I2C address A 0x44 ADDR (pin 2) connected to logic low
I2C address B 0x45 ADDR (pin 2) connected to logic high

1.4. ALERT Pin

The Alert pin can be connected to the interrupt pin of a microcontroller. The output voltage of the pin is determined by the
reading value of RH/T and the limits. The specific function description is given in a separate section 7. This pin must remain
floating when not in use. When the Alert condition is triggered, the pin is switched from low level to high level. The maximum
driving loads can be found in the Electrical Characteristics. Take notice that the current flowing through the Alert pin will cause

the self-heating of the sensor. One way to prevent self-heating is to use the Alert pin only as switch trigger with the help of an
additional transistor.

1.5. nRESET Pin

The sensor can be reset through nReset pin with a logic low pause. In order to reliably trigger a reset of the sensor, the
minimum pulse duration should be at least 1 pus. A more detail explanation is given in Section 5.5. When the reset function is
not used, the pin should be kept floating as the nReset pin is internally connected to VDD with a pull up resistor of 50 kQ(typ.)
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2. Absolute Maximum Ratings

Parameters ‘ Symbol Min Typ Max Unit Comments
Power Supply Voltage VDD -0.3 6 v
Maximum Input Voltage SDA, ADDR, -0.3 VDD+0.3 vV
ALERT, SCL,
NRESET

Storage Temperature Tstg -40 150 °C
Operating Temperature TBoperation -40 125 °C
Maximum junction temperature 150 °C

HBM 5.5 KV
Electrostatic discharge

CDM 2000 \Y

3. Recommended Operating Conditions

Parameters Symbol Min Typ Max Unit
Power Supply Voltage VDD 2 5 5.5 v
Temperature Operating Range Tor 0 80 C
Relative Humidity Operating Range RHor 20 80 %RH

The recommended operating environment of NSHT30 should be controlled within the temperature range of 0-80 °C, and the
relative humidity range of 20%RH - 80% RH, because its performance is the best at this range. If the sensor is exposed outside
of the recommended operating environment for a long time (more than 60h), especially when the relative humidity is less
than 3%RH or more than 80% RH, the offset of the relative humidity may increase temporary. When the sensor returns to the
normal temperature and relative humidity operating range, it will slowly return to the initial state. Pay attention that long-
term exposure to extreme conditions may accelerate the aging of the sensor, and the process of sensor self-recovery is slow. In
order to ensure the stable operation of the NSHT30, it is recommended to use it in the recommended operation environment.

4, Specifications

4.1. Electrical Characteristics

Unless otherwise noted, Typical values are at VDD =+2V to +5.5V, Ta = 25°C).

Parameters Symbol Condition Min Comments

Supply voltage Range VDD 2.0 5 55 |V

Pull up resistor Range Rpu 5 KQ

Heater power Pheater Heater running 39 mw Depending on the supply voltage
Driving capability of Alert 1.5*VDD mA
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4.2. Supply Current Characteristics - 5V Supply

(Unless otherwise noted, Typical values are at VDD = 5V, Ta = 25°C).

Parameters ‘ Symbol ‘ Condition i Comments
NSHT30
lop idle state 0.3 uA Current when sensor is not
(single shot performing a measurement during
mode) single shot mode
T=25°C
idle state 180 uA Current when sensor is not
(periodic data performing a measurement during
Supply current o periodic data acquisition mode
acquisition
mode)
Measuring 720 uA Current consumption while sensor
is measuring
Average 2.5 uA Current consumption (operation
with one measurement per second
at lowest repeatability, single shot
mode)
4.3. Timing Specification for The Sensor System
Parameters Symbol ‘ Condition ‘ Min ‘ 137 Max ‘ Unit Comments
Power-up time teu After hard 0.5 1 ms Time between VDD reaching Veor
reset, and sensor entering idle state
VDD = Vror
Soft reset time tsr After soft reset 0.5 1 ms Time between ACK of soft
reset command and sensor
entering idle state
Duration of reset pulse treseTn 1 us
Measurement duration Tweas, Low 5 ms The three repeatability modes
repeatability differ with respect to
: measurement duration, noise
theas,u Medlur.n. 6 ms level and power consumption
repeatability
tmeasH High 12 ms
repeatability
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4.4. 1’C Timing Characteristics

s . T _»tsp* wI
9 oy M s
sct i / R
0% Zol\ X 7T e R
3o e / / 7}\]‘ \ I
LT o [ [ .
t (DSTA) THoDAT) t(vopAT) tsusta) tovoack tsusto
Figure 4.1 I°C Timing Diagram

Parameters Symbol Conditions Min Max Unit Comments

SCL operating frequency FscL 0.001 1000 kHz

Bus-free time between STOP t(sur) 1300 ns

Hold time after repeated tosta) | After this period, the first 0.24 us

Repeated START condition t(susTa) 0.26 us

STOP condition setup time t(susto) 0.26 us

0 250 ns Transmitting data
Data hold time T(HoDAT)
ns Receiving data

Data setup time T(supar) 100 ns

SCL clock low period Tiow) 0.53 us

SCL clock high period TiHiGH) 0.26 us

SCL/SDA fall time tr 300 ns

SCL/SDA rise time tr 300 ns

SDA valid time tvopar 0.9 Us

4.5. Humidity Sensor Specification
At Ta =25°C and VDD =+2V to +5.5V, unless otherwise noted.

Humidity Sensor Specification

Parameter Symbol Condition ] Comment

Humidity Range 10 90 %RH

Resolution 0.01 %RH

Accuracy +3 %RH @ 50 %RH
Low, typ. %RH

Repeatability Medium, typ. %RH
High, typ. %RH

Hysteresis at 25°C +0.8 %RH

Response time T63% S

Long Term Drift TBD %RH/yr
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8
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Figure 4.2 Tolerance of RH at 25°C for NSHT30

4.6. Temperature Sensor Specification

Temperature Sensor Specification

Parameter

‘ Symbol

Condition

Relative Humidity(%RH)

ao
80
70
60
20
40
30
20

+4.5
10
a 10 20 30 40 50 60 70

temperature("C)

Figure 4.3 Typical tolerance of RH over T for NSHT30

Comment

Temperature Range -40 125 °C
Resolution 0.0625 °C
-0.5 +0.3 0.5 From 0 °Cto 80 °C
Accuracy
-1 +0.5 1 °C From -40 °C to 125 °C
Low, typ. °C
Repeatability Medium, typ. °C
High, typ. °C
Response time T63% s
Long Term Drift TBD °C/lyr
AT(°C)
+1.5
: - - Maximal tolerance
i — Typical toleranceg
+1
| /]
N\
BN /
\ /
) \ / //
+0.5 N
+0

-40 -20 0

20 40 60 80 100

Figure 4.4 Temperature tolerance for NSHT30
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5. Operation and Function Description

The frequency of NSHT30 in 12C fast mode can reach up to 1000 kHz. Users can learn more details about I2C protocol from NXP
12C-bus specification.

The NSHT30 uses a 16-bit command and data space. In addition, the existence of CRC checksum ensures the correctness of
data, and further improves the reliability of communication. The data sent and received by the sensor always contains an 8-
bits CRC byte after every 16-bits data. Details of the checksum calculation is given in Part 5.8.

When the master writes data to the sensor, the accuracy of the checksum byte must be ensured, because NSHT30 can only
receive the data with the correct checksum. When the master reads the sensor, it is left to the master to read and process the
checksum. But when data is read from the NSHT30 by the master, users can choose whether to check the checksum byte with
the received data or not.

VDD
L
Temperature
ot Sensor
SCLK ,
SDA Serial FMI(Q:U 2
ilter 14-bit c/V Humidit
ADDR Interface and ADC _i/ — Y
ALERT controller
nReset
Voltage
osc POR and Current
DROM
9
VSss

Figure 5.1 Functional block diagram of the NSHT30

5.1. Power-Up and Communication Start

The necessary condition for the sensor to start power-up is that the supply voltage reached the power-up threshold voltage
VDDror specified in the Electrical Characteristics. After the sensor is powered up, it automatically enters into the idle state,
which is a state of low power consumption. The waiting time between the sensor power-up and the idle state is called tru.
When the sensor enters the idle state, it means that the NSHT30 can receive commands from the master (microcontroller).

Once the corresponding command is sent, the sensor will perform measurement or communication. The START condition (S)
and STOP condition (P) for each transmission sequence were defined in the 12C bus standard.

5.2. Starting a Measurement

The NSHT30 have two different measurement mode triggered by different measurement commands. To start a measurement,
users should send a measurement sequence with a correspond measurement command. A measurement communication
sequence is composed of a START condition, the 12C write header (7-bit 12C device address plus 0 as write bit), a 16-bit
measurement command and a STOP condition. In I2C communication, Data are sent or received by byte. After the falling edge
of the 8th SCL clock arrives, the NSHT30 will pulls the SDA pin low as an ACK bit. The ACK bit serves as an indicator to show
that the sensor has already received the byte data. As shown in Table 5.1, it is a complete measurement cycle in Single Shot
Data Acquisition Mode.

After receiving the complete measurement command, the NSHT30 starts to measure the humidity and temperature in the
current environment. Detail of different measurement mode can be found in Part5.3 & Part5.4.

5.3. Single Shot Data Acquisition Mode

In single shot mode, after the sensor received the complete measurement sequence, it will start the measurement of
Temperature and Relative Humidity in the environment. Once the measurement is complete, the data of the measurement is
updated in the sensor. Then, users can readout the data from the sensor with a reading sequence described in Part 5.3.2. The
data is made up of 6 bytes: 2 bytes of temperature data, 1 byte of temperature CRC checksum, 2 bytes of humidity data, and 1
byte of humidity CRC checksum (in this order). For detailed explanation of CRC, see Section 5.8.
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5.3.1 Measurement Commands for Single Shot Data Acquisition Mode

There are a variety of measurement commands can be selected in single shot mode. As shown as Table 5.1, it gives different
16-bit measurement commands for single shot mode. The main differences between commands are repeatability (low,
medium, high).

The setting of repeatability is an important factor that affects the measurement duration and the overall power consumption
of the sensor. The measurement duration of different repeatability is given in section 4.3.
Table 5.1. Measurement commands in single shot mode.

(Clear blocks are controlled by the microcontroller, grey blocks by the sensor).

Hex. code Condition
MSB LSB Repeatability
00 High
0x24 0B Medium
16 Low

e.g. 0x2400: high repeatability measurement

4 B
S|12C Address w§ Command MSB S| Command LSB |2P|SCL free ::>
L ncwrite— L—— 16-bit command ——
header Measurement
ongoing
4
(@) [
;|
s 12¢ Address|R Temperature || Temperature | CRC ¥ Humidity ¥ Humidity % CRC é p
I_ J MSB < LSB < <] MSB |< LISB |< =
12Cread ~ ~ — 16-bitt t lue— — 16-bit humidity value —
header Z|P| SCLfree |S|l2C Address|R g t femperature value Checksum 't humidity value Checksum
4
measurement
L Ongoings | 12Cread _|
measurement header
completed

5.3.2 Readout of Measurement Results for Single Shot Mode

The process of readout the measurement results is start by sending the right I1°C read header by the master. The right 12C read
header is a byte data composed whit 12C 7 bits Address in bit7 to bitl and the read direction in bit0. As mentioned previously,
after completely received the measurement command, the sensor is in measurement status. If the sensor is still in
measurement when received the read header, it will send a NACK to the master. In this situation, the master should stop the
readout process and restart a new readout process. If the measurement is complete when received the read header, the
sensor will send ACK to the master and start to send the measurement result.

The complete result is 6 bytes data. Master should send an ACK after received each of the first 5 bytes and a NACK and STOP
for the 6th byte to receive the complete result and stop the communication.

After receiving a NACK, the sensor stop to transmit the data. It can be used after any data byte, if the I1°C master does not want
subsequent data (such as CRC bytes or the second measurement result).

There is a situation that the user only needs to read humidity and temperature data, and CRC is not required to verify the
correctness of the data. It is suggested that users read the two temperature bytes and CRC bits of data, but do not process the
CRC data. Then after reading two humidity bytes, NACK can be used to abort the reading transmission.
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5.4. Periodic Data Acquisition Mode

Periodic Data Acquisition Mode is quite different with single shot mode. The sensor will conduct a periodic measurement and
update the measurement result itself in this mode. The master can get the latest measurement result by sending the read
data command. The measurement result is also a 6 bytes data as mentioned previously. Users can send the break command to
stop the Periodic mode of the sensor.

5.4.1 Measurement Commands for Periodic Data Acquisition Mode

As a mode of periodic data acquisition, 5 different periodic can be used, and there are 3 different repeatability choices for
each periodic. Then, a total of 15 different measurement commands can be selected in periodic data acquisition mode. As
shown in Table 5.2, the corresponding 16 bits commands are listed. The periodic of each mode is described with mps
(measurement per second).

The periodic indicate the measurement frequent of the sensor and the measurement duration time is different in 3
repeatability. So, the average power consumption of the sensor is decided by the combination of these two parameters in
periodic mode.

The periodic data acquisition mode of the is active after receiving a complete 16 bits command list in Table 5.2. The trigger
sequence is composed of an 12C write header, and a 16-bits command in two bytes. The sensor will give an ACK after each byte.

When single shot mode or other periodic mode is preferred when the sensor was already in a periodic mode. Users are
recommended to send the break command before sending the new measurement command. As the sensor may fail to
process the new measurement command when it’s in measurement duration. Detail information of break command can be
found in Part5.4.3.

Table 5.2. Measurement commands for periodic data acquisition mode (Clear blocks are controlled by the microcontroller,
grey blocks by the sensor). Note: At the highest mps setting self-heating of the sensor might occur.

Hex. code Condition
MSB LSB Periodic Repeatability
32 High
0x20 24 0.5 mps Medium
2F Low
30 High
0x21 26 1 mps Medium
2D Low
36 High
0x22 20 2 mps Medium
2B Low
34 High
0x23 22 4 mps Medium
29 Low
37 High
0x27 21 10 mps Medium
2A Low
e.g. 0x2737: 10 mps high repeatability
S|12C Address Wé Command MSB é Command LSB § P [SCL free
L 2cwite — L—— 164t command ——
header

5.4.2 Readout of Measurement Results for Periodic Mode

The master can acquire measurement data through the read data command shown in Table 5.3. The master fetches the data
of the sensor by sending a sequence to the sensor. The sequence is composed of a start condition, an 1°C write header, the
Read Data command, an 1°C read header.
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After receiving the right I2C read header, the sensor will give an ACK and the 6 bytes result. As mentioned in single mode, the
mas32ter should give an ACK after each byte read of the first 5 bytes and use the NACK and P to stop the communication after
the 6th byte is received.

Table 5.3. Read Data command (Clear blocks are controlled by the microcontroller, grey blocks by the sensor).

Hex. code Command
Ox EO 00 Read Data

SCL free| >

(%]

12C Address W§ Command MSB é Command LSB é

o

L 2cwite — L——  16pit command ——
header
~| Temperature || Temperature | ~ | Humidity | [ Humidity | < 5
S|12C Address R[S ] U[CRC|© o O|CRC| 2P
< wmsB |« LSB < <| msB |<| 1B < s
I_ 12Cread J — 16-bit temperature value — 16-bit humidity value —
header Checksum Checksum

5.4.3 Break Command / Stop Periodic Data Acquisition Mode

The master can send the break command as shown in Table 5.5 to exit the periodic data acquisition mode. After receiving the
break command, the sensor will abort the ongoing measurement and enter the single shot idle mode. The shortest waiting
time between the sensor quit Periodic mode and entered the idle mode needs 1 ms. It is recommended to stop the periodic
data acquisition prior to sending another command (except Read Data command) using the break command.

Table 5.5. Break command (Clear blocks are controlled by the microcontroller, grey blocks by the sensor).

Hex. code Command
0x3093 Break
4 P4 4
S|12C Address W:-() Command MSB 2 Command LSB 2 P|SCL free
L i2cwrite— L——  16.bit command ———
header

5.5. Reset

The NSHT30 system reset can be generated by delivering a command (soft reset/general call) or by sending a pulse to the
special reset pin (nReset pin). Moreover, a system reset is also generated internally during power-up. The sensor will not
process commands during the reset procedure. The reset caused by the nReset Pin is a full reset of the sensor like repower the
sensor. It’s a better choice than removing the power supply to get a full reset of the sensor.

Soft Reset / Re-Initialization

When the NSHT30 is not performing any operation (in idle state), users can send a soft reset command to the sensor. It can
trigger a reset of the system controller in the sensor and will restore and reload the calibration data in memory. The command
to trigger soft reset are shown in Table 5.6.

Table 5.6. Soft reset command (Clear blocks are controlled by the microcontroller, grey blocks by the sensor).

Hex. code Command
0x30A2 Soft Reset
P4 4 4
S|12C Address w;): Command MSB g Command LSB g P|SCL free
L i2cwite— L——  16.bit command ——
header

Reset through General Call

The sensor can also use the "general call" mode to reset as described in 12C-bus specification. The general call command can
reset the system as well as using nReset pin. As it is a general call Reset, all devices connected to the same 12C-bus will perform
reset if the devices support the general call mode. The command to trigger general call reset are shown in Table 5.7.
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Table 5.7. Reset through the general call address (Clear blocks are controlled by the microcontroller, grey blocks by the sensor).

Hex. code Command
0x00 Address byte
0x06 Second byte
0x0006 Reset command using the general call address
2z 4
S|General Call Address g Reset Command g P [SCL free
General Call — — GeneralCall —
1% byte 2" byte

Reset through the nReset Pin

Pulling the nReset pin down will produce a reset, which is like a hard reset. The nReset pin is internally connected to VDD with
a pull-up resistor, so the low level is effective. The nReset pin must be pulled down at least 1 s, then the sensor can be reset.
Hard Reset

Turn off the power supply voltage of VDD pin, and then turn it on again to realize a hard reset. It should be noted that the

voltage of pins 1 (SDA), 4 (SCL) and 2 (ADDR) should be removed to prevent the sensor from being powered by ESD diodes in
order to get a hard reset.

5.6. Heater

The function of NSHT30 internal heater is only used for plausibility check. The heater will cause a temperature rise and
humidity down of the sensor after being enabled. The temperature rise of the heater is related to many parameters, usually is

in the range of several degrees centigrade. See Table 5.8 for switching on and off commands. After a reset, the heater returns
to the default condition which is disabled.

Table 5.8. Heater command (Clear blocks are controlled by the microcontroller, grey blocks by the sensor).

Hex. code
Command
MSB LSB
6D Heater Enable
0x30 -
66 Heater Disabled
P4 4 4
s|I2C Address w2 Command MSB g Command LSB g P|SCL free
L cwrite 1 L—— 16-bit command ———
header

5.7. Status Register

The status register mainly stores information about the operational status of the heater, the alert mode, and the execution

status of the last command and the last write sequence. The status register can be read by the command shown in Table 5.9.
Table 5.10 describes the specific contents of the status register in detail.

Table 5.9. Command to read out the status register (Clear blocks are controlled by the microcontroller, grey blocks by the sensor).

Hex. code Command
0xF32D Read Out of status register
s|i2c Add S| c dMsB|S dLss S
ress|w|Q| Comman 2| Command LSB | :>
L 2cwrite — L—— 16-bit command ———
header

| Register [X| Register [x 5
S|12C Address |R|© o O[CRC| Z|P
< wmsB €| 18 |= z
I_ 12Cread J — 16-bit status register
header content Checksum
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Table 5.10. Description of the status register

Default value
i Default Description
Bit (HEX) P
Overall Alert status
Bitl5 1 0 - no active alerts
1 (default)- at least one active alert
Bit14 0 Reserved
Heater status
Bit13 0 0 (default)- Heater OFF
1- Heater ON
Bit12 0 Reserved
80 RH tracking alert
Bitll 0 0-noalert
1-alert
T tracking alert
Bit10 0 0-noalert
1-alert
Bit9 0 Reserved
Bit8 0 Reserved
Bit7 0 Reserved
Bit6 0 Reserved
Bit5 0 Reserved
System reset detected
Bita 1 0’ - no reset detected
1’ (default)- reset detected (hard reset, soft reset command, general
call reset or supply fail)
Bit3 10 0 Reserved
Bit2 0 Reserved
Command status
Bitl 0 0 (default)- last command executed successfully
1 - last command not processed
Write data checksum status
Bit0 0 0 (default)- checksum of last write transfer was correct
1 - checksum of last write transfer failed

Clear Status Register

Sending the command shown in Table 5.11 can clear all flags (Bit 15,11,10,4) in the status register to zero.

Table 5.11. Command to clear the status register (Clear blocks are controlled by the microcontroller, grey blocks by the sensor).

Hex. code Command
0x 3041 Clear status register
4 4 4
S|12C Address wg: Command MSB 2 Command LSB g P|SCL free
L cwrite 1 L—— 16-bit command ———
header
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5.8. Checksum Calculation

After the temperature data and relative humidity data, the 8-bit CRC checksum bit is transmitted. It is generated by a CRC
algorithm, and its calculation formula are listed in Table 5.12. The CRC is only calculated from two previously transmitted data.

Table 5.12. I2C CRC properties

Property Value

Name CRC-8

Width 8-bit

Protected data read and/or write data
Polynomial 0x31 (x®+x>+x*+1)
Initialization OxFF

Reflect input False

Reflect output False

Final XOR 0x00

Examples CRC (0xDCBA) = 0x95

5.9. Conversion of Signal Output

The output measurement data of the sensor is always a 16-bit unsigned integer. Linearization has been done and the effect of
temperature and power supply voltage has been compensated. The following formulas give the calculation process of
converting those raw values into a physical scale.

Conversion formula from Rawdata to relative humidity (the result is expressed in %RH):
Sgu

216 _

RH=100x

Conversion formula from Rawdata to temperature (the result is expressed in °C & °F):

T[°C]=-45+175x

2 -1
. S
T[ F]=-49+315><2167T_1

Sry and St represent the sensor output Rawdata for humidity and temperature, respectively. Sk and St used in the above
formula are expressed in decimal system.
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6. Activation and Deactivation of the Alert Mode

When operating in the periodic data acquisition mode, the NSHT30 has an Alert Mode. In this mode, the sensor is constantly
comparing the latest acquired data form the environment to the programmable limits. The voltage of the Alert pin will change
to high level when the relative humidity or temperature data reaches the set limits. In addition, users can get the information
from the status register. The Alert pin can be used as a switch or a trigger. For example, it can turn on the LED or drive
transistors to activate the climate control. In addition, the ALERT pin can be connected to the interrupt pin of the
microcontroller. In this way, after the NSHT30 turns on the ALERT mode, the microcontroller can wake-up from the sleep mode
and then perform some operations.

6.1. Activation and Deactivation of the Alert Mode

The Alert mode can be activated during the periodic data acquisition mode of the sensor. The minimum set point of the
temperature and humidity limit in the Alert mode should be lower than the maximum set point (LowSet < HighSet). On the
contrary, if LowSet > HighSet, the alert mode will be deactivated.

6.2. Alert Mode Limits

The user can change the control limit through the corresponding command as shown in Table 6.2. One advantage of NSHT30 is
that it can set different temperature and humidity limits, as well as high and low limits. In addition, the setting limit is used to
activate the Alert, while the clearing limit is used to deactivate the Alert. They can be controlled independently. This allows to
remove fast oscillations of the ALERT pin close to set limit values. Different limits and the Alert Pin status are given as shown in
Figure 6.1.

After the senor is reset. The Limit values will back to the default values (as shown in Table 6.1). At the same time, all user
defined limits will be lost.

Temperature or| AN )
Hum’?dny I U C High Set
N/\ High Clear
| "\
Low Clear
| L
I Low Set
ALERT Pin |
Output voltage | - ||

Figure 6.1 Different limits for the Alert Mode
6.2.1. Data Format for the Alert Limits

The sensor stores the limit information in a simplified data format. The standard data format width of NSHT30 acquisition
data is 16 bits. However, in order to judge whether the limit value is exceeded, only the most significant bit (MSB) is used to
determine whether the Alert seting conditions are met (where the humidity is 7 bits and the temperature is 9 bits), as shown

in Figure 6.2.

T T T T T T T T T T T T T T LI B R B ) B B E I B B B N
16 bit humidity value 16 bit temperature value
I Y Y O T Y N SN S | I T O Y O S S |
7 relevant MSBs for RH-Iimitl 9 relevant MSBs for T-limit |
T T T T T T ¥ T T T T T T 1T
Data MSB Data LSB
Ly L
7 bit Humidity limit | 9 bit Temperature limit

Figure 6.2 Relevant Bits for the limits
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It allows the transmission of temperature and humidity limits in the same commands and dealing with them internally more
effectively.

Therefore, the resolution of the limit value and the measured value are different. The resolution of the temperature limits
are AT=0.5°C, whereas the humidity limits can be set with a resolution of ARH=1%. Pay attention that the data is always in a
complete 16-bit format during measurement and storage. The simplified data format is only used to judge whether the Alert
conditions are met.

6.2.2. Default Values for the Alert Limits

Default limits are loaded into registers during power up or reset. These limits can be changed by sending instructions as
shown in Table 6.2.

Table 6.1 Default values for the alert limits. The limits can be changed with the command shown in Table 6.2

Default Value
Hex Value Physical Value (RH/T) Alert Limit
0x CD 33 79.7%RH / 60°C set limit _ -
0x C9 2D 78.2% RH / 58°C clear limit high alert limit
Ox 34 66 20.3% RH / -10°C set limit Lo
0x 38 69 21.8% RH / -9°C clear limit Low alert limit

6.2.3. Alert Mode Commands

The commands for reading eight different limits are listed in Table 6.2. Each command is sent by the master, and the
temperature and relative humidity limits can be read from the sensor.

Table 6.2 Alert limit commands for reading the alert limits.

Hex. code
Command
Command Command LSB
1F High alert set
14 limit clear
OxE1 READ
02 Low alert set
09 limit clear
1D High alert set
16 limit clear
0x61 WRITE
00 Low alert set
0B limit clear
s|i2c Add S| c dMsB |5 dLss|S
ress w< omman = Command LSB < :>
L ncwrite — —— 16-bit command ———
header
b Data X Data 4 5
S|12C Add RIS o o <
ress(R|Q MSB g LSB g CRC <Z( P
I_ 12Cread J — 16-bit limit value =~ ——
header Checksum
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Table 6.3 Alert limit commands for writing the alert limits.

~ ~ >
S|I2C Address |w| - Command MSB g Command LSB = :>
L 2cwrite — L—— 16-bit command ——
header
Data bt Data ~ ~
O O|CRC|Q|P
MSB < LSB < <
— 16-bit limit value —
Checksum

6.2.4. Typical Procedure to Calculate the Limits

As shown in Figure 6.2, the reduced data format is given.

1.
2.

Choose the limits for RH and T (e.g. High alert clear limit, RHuighclear=78.2% RH & Thighclear=58°C)
Convert the RHhighclear and the Thighcear limits to their respective 16-bit binary value
a.  RHuighclear= 1100°1000°0011’0000

b. Thighcear= 1001’0110°1010°1100

Remove the 9 LSBs of the RHuighclear limits

a.  RHuighclear=1100°1006-0611"0600

Remove the 7 LSBs of the Thighclear limits

a. Thighclear=1001’0110'1616-1106

Combine the reduced values (step 3 and 4) according to Figure 6.2

a. RH,Thighclear=1100"1001’0010°1101=0x C92D

Calculate the 8-bit CRC from the 16-bit limit value

a. CRC=CRC (0x C9,0x 2D)=0x 22

6.2.5. Typical Procedure to Change the Alert Condition

1
2
3.
4

Calculate the limits as explained in Section 6.2.4 (the default values are the normal range and shown in Table 6.1)

Write the limit to the sensor as described in Table 6.2&Table 6.3.

Read out the limit as described in Table6.2&Table 6.3 to verify the Write process.

Set the sensor into periodic mode with the appropriate command.

The Alert mode is now active.

6.3. Further Condition that Can Raise an Alert

Power on or reset can make the ALERT pin active (high level) no matter whether by Power on, send reset command(soft reset
or general call reset ) or resets through the nReset pin. As shown in Table 5.10, the contents of the status register are

described.
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7. Application Note

7.1. Typical Application Circuit

— VDD
A=
M
NSHT35
o)
§ SDA GND T 100nF
J__ ADDR R <
& ALERT nRESET £
5 SCL VDD

Figure 7.1 Typical application circ
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8. Package Information

8.1. DFN (8) Package

- D! -—
] - DL -
_ PINTID
i - | o
/ \ > .
PIN1 CORNER — B A=
\ P I |
1 N m S |
\ \\ // / ? L =
® L @ =) | d
T s
0.1(8X) == |l=a— g
.“, L(8x)— =
Exposed Pad
a) Top View b) Bottom View
._§
9 ES 3
NN LE® 3 MILLIMETER
1 & £8 £ DESCRIPTION SYMBOL
N E5 S MIN NOM MAX
gL ¢
-+ T TOTAL THICKNESS A 0.85 0.90 0.95
©
«a T STAND OFF Al 0.00 - 0.05
Q -51 CAVITY THICKNESS A2 0.337 0.387 0.437
. X D 245 2.50 2.55
AR BODY SIZE
/ 2 Y E 2.45 2.50 2.55
7| LEAD PITCH e 0.50 BSC
L LEAD WIDTH b 0.20 0.25 0.30
LEAD LENGTH L 0.30 0.35 0.40
D1 1.05 1.10 1.15
Al EP SIZE
A2 -~ E1 1.75 1.80 1.85
- A - LEAD EDGD TO PKG EDGE H 0.375 BSC
c) Side View d) Dimension information
Figure 8.1. DFN (8) Package Shape and Dimension in millimeters
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9. Ordering Information

Marking Description

NSHT3X

NSHT30-QDNR 1 3000ea/Reel YXXXXXX

DPN-8 package,reel

10. Documentation Support

Part Number Product Folder Datasheet Technical Documents Selection guide

NSHT30 Click here

11. Revision History

Revision ‘ Description Date ‘
0.1 Initial Version. 2021/2/8

0.2 Update ESD test results. 2021/7/28

0.3 Modify description and figures; Modify electrical characteristics parameters 2023/4/20
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IMPORTANT NOTICE

The information given in this document shall in no event be regarded as any warranty or authorization of, express or implied,
including but not limited to accuracy, completeness, merchantability, fitness for a particular purpose or infringement of any third
party’s intellectual property rights.

You are solely responsible for your use of Novosense’ products and applications, and for the safety thereof. You shall comply with
all laws, regulations and requirements related to Novosense’s products and applications, although information or support related
to any application may still be provided by Novosense.

The resources are intended only for skilled developers designing with Novosense’ products. Novosense reserves the rights to
make corrections, modifications, enhancements, improvements or other changes to the products and services provided.
Novosense authorizes you to use these resources exclusively for the development of relevant applications designed to integrate
Novosense’s products. Using these resources for any other purpose, or any unauthorized reproduction or display of these
resources is strictly prohibited. Novosense shall not be liable for any claims, damages, costs, losses or liabilities arising out of the
use of these resources.

For further information on applications, products and technologies, please contact Novosense (www.novosns.com ).

Suzhou Novosense Microelectronics Co., Ltd
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