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HTU21D--Micro Temperature and Relative Humidity Sensor

* DFN packaging is adopted

* Temperature and humidity value digital output, 12C
interface

* Full range calibration

* Lead-free material, suitable for reflow soldering

* Low power products

* Fast response time and very low temperature coeffic-
ient

1. Sensor Brief Description

Humirel's new-generation HTU21D temperature and humidity sensor sets a new benchmark in compact design and
smart functionality. Featuring a dual-column flat pinless (DFN) package optimized for reflow soldering, it measures 3x3
mm at the base with a 1.Imm height. The sensor delivers calibrated digital signals in standard 12C format, delivering
reliable performance through its precision engineering.

The HTU2ID temperature and humidity sensor delivers accurate and reliable measurement data for OEM
applications. Through a microcontroller interface and module connectivity, it provides digital outputs for temperature and
humidity monitoring. Designed with compact size and low power consumption, the HTU21D is specifically engineered to
meet the demands of space-constrained environments and applications requiring product integrity.

Every sensor undergoes rigorous calibration and testing. The product features batch numbers printed on
its surface, while embedded chips store electronic identification codes that can be retrieved through command
input. Additionally, the HTU21D's resolution can be adjusted via commands (from 8/12-bit to 12/14-bit RH/
T), with sensors detecting low battery status and generating checksums to enhance communication reliability.
Through optimized miniaturization and performance enhancements, the sensor achieves greater cost-
effectiveness — ultimately enabling all devices to benefit from advanced energy-efficient operation modes.

2. Characteristics of se- Application  exam-
nsors ples
* Complete interchangeability, no calibration required in stand- - household appl-
ard environment ication

* Long-term humidity saturation can be quickly restored The medical

field
* Produced by automatic assembly process, made of lead-free material, suitable el
for reflow soldering printer
* Each sensor has a separate tag and can be traced back to the source of L
- humidifier

production



3. Performance Requirem-
ent

parameter symbol {l):srameter val- unit
Siorge emper- Tsig -40 to +125 C
Power supply voltage (peak) Vce 3.8 Vdc
‘I;lé::midlty measurement ra- RH O tO 100 %RH
;l;irggcmturc measurement Ta. _40 tO +125 °C
VDD to GND -0.31t0 3.6V vde
Digital 1/O port pins (DATA/SCK) to VDD -0.3to VDD+0.3 vde
Each pin inputs current -10 to +10 mA
4. Electrical characteristics and ba-
sic performance( in T=25C,Vdd=
3.3V below)
- tati .
gl:};?iz symbol least value ;zll)::sen atve crest value unit
service voltage VDD 1.8 3 3.6 V
Sleep mode _ 0.08 0.3 UA
current idd
Messuing in 300 450 500 uA
' Sleep mode 0.25 1.1 uw
power dis-
- 8 bit pattern 2.7 uw
e Digital (dual-wire interface)
Storage environment -40—125°C
5.Humidity Performance
(In T=25°C,Vdd=3.3V)
h - tativi .
:e:;;gz symbol least value e ative crest value unit
1lu2m Posi- 0.04 %RH
resolution ra- 8 Posi-
tio tion 0 - 7 YoRH
‘I:lg\cmidity measurement ra- RH 0 100 %RH
epresentative value +2 %RH
Humidity measurement accuracy (10% --95%RH) _
crest value +3 +5 %RH
Humidity hystere-
Humidiy hystere +1 %RH
12 Posi-
12 pos 14 18 ms
11 Posi- 7
; ms
tion
MT 10 Posi-
tion ms
8 Posi-
tion 2 ms
Recovery time after 150 hours of cond-
ensation t 10 S
long term drift 0.5 %RH/yr
response time TRH 5 10 S




6. Relative Humidity Error Estimation at 25°C
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* The optimal measurement range specified by the HTU21D sensor module is 5%RH-95%RH

* In other humidity ranges (<5%RH or> 95% RH, or condensation state), the stability and reliability of

HTU21D will not be affected.

7.Humidity Accuracy at Different Temperatures

The RH accuracy at 25°C is defined in the figure, and the maximum humidity error for other temperature ranges is shown:
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8.Thermal Performance

(In Vdd=3.3V)
fgf}gﬁﬁ' symbol least value ::Il’::senmive crest value unit
14 Posi- °
resolution ra- tion B 0'01 C
tio
12 Posi- o
tion o 004 C
;I;icr:ggcralurc measurement T _40 +125 °C
Temperature epresentativ value +0.3 C
measurement 5
accuracy (25°C) crest value +0
‘ -40 125 ’
operating temperature range
-40 221 °F
tion' " 44 58 ms
13 Posi-
Measurement o 22 29 ms
time (14 bits) 12 Posi- 11 15 ms
tli})nPOS‘- 6 8 ms
Response time (15C-45°C) Tt 10 s
9. Temperature Error Estima-
tes
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10. Welding Notes

The HTU21 can be welded using a standard reflow soldering furnace. The sensor fully complies with the IPC/JEDEC

J-STD-020D welding standard, with a contact time of less than 30 seconds at a maximum temperature of 240°C.

In the steam reflow soldering furnace, the conditions are TP<233°C and tp<60 seconds. During welding, the
temperature rise and fall should be less than 10°C/second. For manual welding, the contact time must be less than 5 seconds

under the highest temperature of 350°C.
Standard reflow solder pattern:
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11. Sensors and Electrodes Behind and Size Diagram

2.7

«
Ly
Recommended HTU21 footprint, unit: mm

12. Temperature Effect

180 200

The relative humidity of gases is largely dependent on temperature. Therefore, when measuring humidity, it's crucial

to ensure all sensors measuring the same humidity operate under identical temperature conditions. During testing, the

sensor under test and reference sensor should be kept at the same temperature before comparing their humidity readings.

When mounting HTU21 sensors with heat-sensitive components on the same PCB, design considerations should

minimize thermal conduction effects. Measures include: maintaining proper ventilation for the enclosure, minimizing

copper plating between the HTU21 and other PCB components, or leaving a gap between them, as shown in the diagram.
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13. Cabling Rules and Signal Integrity

If SCL and SDA signal lines are placed parallel and too close to each other, this may cause signal
crosstalk and communication failures. The solution involves placing a VDD or GND component between the
two signal lines to isolate them, or using shielded cables. Additionally, reducing the SCL frequency can
improve signal transmission integrity. A 100nF decoupling capacitor should be added between the power pins
(VDD, GND) for filtering purposes. This capacitor should be positioned as close as possible to the sensor.

14.Light

HTUZ21 is not affected by light. However, prolonged exposure to sunlight or intense ultraviolet radiation can cause the shell to age.

15. Typical Sensor Application Circuit and Pin Specifications

Typical circuit :

MCU (Master)
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Typical application circuit, including pull-up resistor RP and decoupling capacitor between VDD and GND.



Pin definitions :

gfliirber function description
_ — Nl

1 DATA Serial data port (bidirectional)
2 G N D Powering up
3 N C g:aorw out of
4 N C g:aorw out of
5 VDD power input
6 SCK Serial clock (bidirectional)

- <Power pins (VDD, GND)

The HTU21 has a power supply range of 1.8VDC-3.6VDC and a recommended voltage of 3.0V. A 100nF decoupling
capacitor must be connected between the power supply (VDD) and ground (VSS), and the capacitor should be located as close as

possible to the sensor.

- Serial Clock Input (SCK)

The SCK is used to synchronize communication between the microprocessor and HTU21. Since the

interface contains completely static logic, there is no minimum SCK frequency.

- Serial data (DATA)

The DATA pin operates in a tri-state configuration for sensor data transmission. When sending
commands to the sensor, DATA becomes active on the rising edge of SCK and must remain stable during the
high phase of SCK. It transitions after the SCK's falling edge. During data reception from the sensor, DATA
activates after the SCK's low phase and persists until the next SCK's falling edge. To prevent signal conflicts,
the microcontroller should drive DATA to a low level. An external pull-up resistor (e.g., 10k Q) is required to

elevate the signal to a high level. Such resistors are typically integrated into the microcontroller's I/O circuitry.

16. Electrical Character

VIN=0V to 3.6V

Characteristics Symbol Min Typ Max Unit
Low level output VDD=3V

VOL 0 - 04 v
voltage -4mA<IOL<0mA
High level output voltage VOH 70% - VDD V
| Low level input voltage VIL 0% - 30%VDD Y
High level input voltage VIH 70%VDD - VDD V

VDD=3.6V

Leakage current IL - - TBD HA




DC charac-
teristic

Characteristics Symbol Min Typ Max Unit
SCK frequency fsex 0 - 04 MHz
SCK high time tsckLi 0.6 - - s
SCK low time fscuL 13 - - s
DATA set-up time fsy 100 - - ns
DATA hold-time i 0 - 900 ns
DATA valic-ile fyo 0 400 ns
SCK/DATA fall time IF 0 100 ns
SCK/DATA rise time |G 0 300 ns
Capagitive load on bus line Ce 0 500 pF
s

DATA IN

DATA

DATA QUT

DATA

17.Communication Protocol With Sensor
- start sensor

Power the sensor to the selected VDD power supply voltage (ranging between 1.8V and 3.6V).
After powering on, the sensor reaches an idle state within 15 milliseconds (when SCL is at a high
level), ready to receive commands from the host MCU.



- activating signal

To initiate a transfer, sending a bit of data involves a DATA line transition to a low level during the high level of the SCK line.

- break alarm

Terminate transmission, stop sending data, including a high level jump of the DATA line to a high level during the SCK line high level.

18.List of Commands for HTU21 Sensor

| % X | 1

fi ke T ERRE]) 11100011
fid e RH & {RFEFEM 11100101
fi ke T 0 [ £ | 1170011
fid e RH & [EfRFFEHL | 11110101
5 F A A7 1100110
etk et 11100111
B A 11111110
® 6 W Aar 4. RHAUERMARE., TIUFRIEE

- Host/non-host mode

The communication between the MCU and sensors operates in two distinct modes: host mode and non-host
mode. In host mode, the SCL line remains locked during measurement operations (controlled by the sensor). In non-
host mode, the SCL line stays open during sensor measurements while maintaining communication capabilities. This
configuration enables sensors to handle additional I12C bus tasks on the same line during measurement processes.
The corresponding communication timing for both modes is illustrated in the diagram below.

When measured in host mode, HTU21 lowers SCL to force the host into a waiting state. By releasing SCL

line, it indicates that the internal processing of the sensor is finished, and then the data transmission can continue.



1 2 3 4 5 6 7 8 9 0 11 12 13 14 15 16 17 18

[s|1]ofofolofofJolofak [1][1][1]o]o[1]o]1[ack] |:>

I*)C address + write Command (see table p.9)

19 20 21 22 23 24 25 26 27

[s[1]ofJofolofo]o]1]ack Measurement |:>
I*)C address + read Hold during measurement

28 20 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45

o1 ]1JofJofJo1]1]ak]|o[1]o]1]o]a]1]0 ACK‘E>

Data (MSB) Data (LSB) Status
46 47 48 49 50 51 52 53 54
o 1] 1]ofo]1]0o]0]|NAck]|P|

Checksum

As shown in the figure, the host communication mode timing-the gray part is controlled by HTU21. If you want
to omit the CRC transmission, you can change the 45th bit to NACK, followed by a transmission stop timing (P).

In non-host mode, the MCU must initiate sensor status queries. This process is executed by first
sending a start transmission sequence, followed immediately by the 12C first byte (1000 '0001) as shown
in Figure 16. Once internal processing is complete and the MCU receives the sensor's acknowledgment
signal, relevant data can be retrieved via the MCU. If measurement processing remains incomplete and
the sensor outputs no ACK bit, the start transmission sequence must be resent.

Regardless of the transmission mode, since the maximum measurement resolution is 14 bits, the last two
least significant bits (LSBs) on the second byte SDA are used to transmit relevant status information. Bit 1 in

these LSBs indicates the measurement type ('0' for temperature; '1' for humidity). Bit 0 remains unassigned.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
[s[1]JoJofJo]Jo]o]o]o ACK1|1[1[1|D[1[0[1ACK|E>
I2C address + write Command (see table p.9)

19 20 21 22 23 24 25 28 27

Measurement s [1]oJoJolo]o]o]1 [nack] |:>

measuring I2C address + read

19 20 21 22 23 24 25 28 27

Measurement s [1]o]ofJo]o]o]o]n ACK|E>
continue measuring I>C address + read

28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45

o1 [1JoJoJo[1[1]ack|[o]1]o[1]o]o]1]0 ACK|E>

Data (MSB) Data (LSB) Status
46 47 48 49 50 51 52 53 54
o [1]1]ofJo]1]o]o|[nack]|P]

Checksum

19. Soft repositioning

This command (see Table 6) enables the sensor system to be restarted without requiring power
shutdown and reboot. Upon receiving this command, the system initiates initialization and restores
default settings, except for the heater bit in the user register. The soft reset process takes no more than 15
milliseconds.

1 2 3 4 5 6 7 8 9 100 11 12 13 14 15 16 17 18

s|t1({ojojoyojofojojACK| 1T | T | T |1 |1 ] 1T | 1|0|ACK P

[*C address + write Soft Reset Command




User registers

The contents of the user register are described in the table below. Please note that reserved bits
must not be altered, as their default values may change without prior notice. Therefore, before
performing any write operation on the register, the default value of the reserved bits must be read first.
Subsequently, each user register byte consists of the default value of the corresponding reserved bits
combined with the default values of other remaining bits or the write value.

— ik far #fr | Wk Ae R
7.0 2 | W 00

0
00 12bit | 14 bit
01 8 bit 12 bit
10 10bit | 13 bit
ail 1Thit | 11hit

6 1 Fjiob 45 End of battery's | ‘0
‘0-VDD > 2.25V
“1-VDOD <215V
3,45 3 i
2 1 S 50 F A g% 0
1 1 ABEJE Bh OTP hnak

The low battery level alarm activates when the power supply voltage drops below 2.25V. The internal heater
is used for sensor functionality diagnosis — when temperature rises, relative humidity decreases. With a power
consumption of approximately 5.5mW, it can increase temperature by 0.5-1.5°C. OTP reloaded serves as a
safety feature that loads the entire OTP configuration into registers before each measurement, excluding the
heater bit. This function in HTU21 is disabled by default and not recommended for user use. Instead, a soft
reset should be employed — which includes OTP reloaded functionality.

The I2C communication between read and write user registers is shown in the figure:

1 2 3 4 5 & T 8 9% 10 11 12 13 14 15 16 17 18
= =
] (&)
S{1(0|0[0]0|0(0]0 < 111100 [1 1)1 <2
[2C address + write Read Register
12 20 21 22 23 24 25 26 27 28 29 30 M 32 33 M 35 3B
" 2
S{t|ofojojojo|oftixe|0(0j0f0{0|0[1]|0|Z2
=T =
I2C address + read Register content
37 38 39 40 41 42 43 44 45 46 47 4B 48 50 51 52 53 54
= et
& (@
S(1)0(0(0{0({010|0 = 1117100 1]1]0 (=
I2C address = write Write Register
55 56 57 58 59 B0 &1 B2 B3
=
g{o(ojofoo|1)1||P
=
Register content to be written

The timing diagram for read and write registers — the gray sections are controlled by HTU21. In this example, the resolution is set to 8 bits per
channel.



12hit.

21, CRC-8 checksum calculation

When the HTU21 sensor communicates through the 12C protocol, the 8-bit CRC check can be used to detect
transmission errors. CRC check covers all the read data transmitted by the sensor. The CRC check properties of the 12C
protocol are shown in the following table:

CRC with I1°C protocol

Generator polynomial XE+ X+ X+ 1
Initialization 0x00

Protected data Read data
Final Operation none

22.signal conversion

The sensor's default resolution is set to 12-bit relative humidity and 14-bit temperature. The SDA
output data is converted into two-byte packets with the MSB (most significant bit) positioned first
(left-aligned). Each byte is followed by a response bit. Two status bits — specifically the last two bits
of the least significant bit (LSB) — must be set to 0 before performing physical calculations. In this
example, the transmitted 16-bit relative humidity data is represented as 0110 0011 0101 0000 =25424.

- Relative humidity conversion

Regardless of which resolution is used, the relative humidity RH can be calculated based on
the relative humidity signal S ru output by SDA as follows (the result is expressed as%RH):

RH = —6+125. et
2

For example, the 16-bit humidity data is 0x6350:25424, and the calculated relative humidity is 42.5%RH.
- Temperature conversion

Regardless of which resolution is used, the temperature T can be calculated by substituting the
temperature output signal S T into the following formula (the result is expressed in °C):

ST

16

[ =—46.85+175.72-

23.HTU21 Sensor Size and Packaging Information
:: Packaging information

The HTU21D features a DFN package (similar to QFN), where DFN stands for Double-Faced Non-Pin
Flat Package. The sensor chip is constructed with a Ni/Pd/Au-coated copper lead frame, with both the chip
and lead frame encapsulated in green epoxy resin. Notably, since the sensor's side is cut to a square shape, the
corresponding lead frame section lacks protective coating. The total weight of the sensor is 25mg.



e Sensor size
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Note: The unit of size is mm, the tolerance is £0.1mm, and the bottom of the sensor has been grounded.

- Laser identification

Laser identification on the sensor

The scroll is also labeled and provides additional tracking information, as shown below:
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[ ]
HPPxxxxxxx - HTU21 Humidity & Temperature sensor

Lot No. : XXO-NN-YYRRRTTTT |Il|||ll||lll||lll|lll|

Datecode : YYDDD Quantity : QQQQ

RoMS : Compliant 1A

XX = Sensor model (21 for HTU21D)

O = Output mode (D = Digital, P = PWM, S = SDM)

NN = Chip version

YY = The last two digits of the year

RRR = Number of sensors on the roll divided by 10 (usually 200 or 2000)
TT = Meas tracking code

DDD= date code

QQ= actual quantity (400,1500 or 5000 units)

- packing for transport

The HTU21 is packaged in roll-type sealed units within anti-static ESD bags. Standard packaging
sizes include 400,1500, and 5000 units per roll. For HTU21 packaging, the first 200mm (containing 25
sensors) and last 440mm (containing 55 sensors) sections of each roll are filled with air. The packaging
diagram with sensor positioning is shown below. The rolls are stored in anti-static pockets.
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This manual is translated from Humirel's HTU21D data sheet HPC199 0 Preliminary HTU21D data
sheet. The compilation by our company (Shenzhen Xinshilian Technology Co., Ltd.) is solely for the
purpose of promoting the sales and application of this product in the China region. If users encounter any
issues during reading, please refer to the original English document.
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