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Technical Note

SPI Communication with the Honeywell Humidlcon™ Digital

Humidity/Temperature Sensors

1.0 Introduction

The Serial Peripheral Interface (SPI) is a simple bus system for
synchronous serial communication between one Master and
one or more Slaves. It operates in either full-duplex mode or
half-duplex mode, allowing simultaneous communication in
both directions, or in one direction only. The Master device
initiates an information transfer on the bus and generates clock
and control signals. Slave devices are controlled by the Master
through individual Slave select lines and are active only when
selected.

Honeywell Humidlcon™ digital humidity sensors with SPI
output operate in half-duplex mode only, with data transfer
from the Slave to the Master. Three data lines are required for
data transmission:

e Slave Select (SS)
e Signal Clock (SCLK)
e Master-In-Slave Out (MISO)

All three of these bus lines are unidirectional. SS and SCLK
are controlled by the Master while MISO is controlled by the

Slave (see Figure 1).

Figure 1. SPI Bus Configuration

Honeywell digital humidity sensors can handle high and low
SCLK polarity without configuration change. Please contact
Honeywell Customer Service with questions regarding SCLK
polarity and sampling MISO.

Figure 2 shows an example of a 1 byte data transfer from the
Slave to the Master. In this example, the data 101 (01100101
binary, or 65 hex) would be read.

Figure 2. Example of a 1 Byte SPI Data Transfer with a
Honeywell Humidity Sensor
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2.0 Data Transfer with SPI Output Humidity Sensors

Honeywell’s digital output humidity sensors are designed to
work as Slaves and will therefore only respond when the SS
line is asserted. Once the SS line is asserted, the sensor will
begin sending data once a clock is received. By default,
Honeywell digital humidity sensors are configured to change
data on the MISO line with the falling edge of SCLK. This
means the Master device should sample MISO on the rising
(opposite edge) of SCLK.

Once the clocking begins, Honeywell digital humidity sensors
are designed to output up to four bytes of data, depending on
the sensor options and the needs of the application. In all
cases, the first two data bytes are the compensated humidity
output, along with sensor status bits. The third and fourth bytes
are for optional compensated temperature output.

2.1 Making a Measurement Request

By default, the digital output humidity sensor performs humidity
measurement and temperature measurement conversions
whenever it receives a measurement request (MR) command;
otherwise, the sensor is always powered down. The results are
stored after each measurement in output registers to be read
using a data fetch (DF) command.

Detecting whether data is ready to be fetched can be handled
by testing the status bits in the fetched data. Refer to Section
2.5 for details of the status bits.
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2.2 Humidity and Temperature Measurement Request
To wake up the humidity sensor and complete a measurement
cycle, an MR command is used. The complete measurement
cycle performs a humidity measurement and a temperature
measurement and stores the results. As shown in Figure 3, an
MR command is a read of eight or more bits, ignoring the data
that is returned.

A DF (Data Fetch) command must be completed before
sending another measurement request command to start a
new measurement cycle.

Figure 3. SPI Measurement Request Command

Figure 5. SPI Humidity and Temperature Data Fetch
Format
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2.3 Humidity Data Fetch

To receive a compensated humidity reading, the Master
generates the necessary clock signal after activating the
sensor with the Slave select line. The sensor will transmit up to
four bytes of data: the first two bytes contain the compensated
humidity output, and the second two bytes contain the
compensated temperature output.

If only the compensated humidity value is required, the Master
can terminate communication by stopping the clock and
deactivating the slave select line after the second byte. An
example of the communication is shown in Figure 4.

Figure 4. SPI Humidity Data Fetch Format
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2.4 Humidity and Temperature Data Fetch

The optional corrected temperature data is read out with 14 bit
resolution. By reading out the third and fourth bytes of data
from the sensor, the complete 14 bit optional compensated
temperature value can be read, as shown in Figure 5.

When reading the full 14 bit resolution temperature output, the

two least significant bits of the fourth data byte are “Do Not
Care” and should be ignored.
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Packet = [ {S(1:0),C(13:8)}, {C(7:0)}, {T(13:6)}{T(5:0),xx} ]

Where:

S(1:0) = Status bits of packet

C(13:8) = Upper six bits of 14-bit humidity data

C(7:0) = Lower eight bits of 14-bit humidity data

T(13:6) = Corrected temperature data

T(5:0),xx = Remaining bits of corrected temperature data for
full 14-bit resolution

Hiz = High impedance

25 Status Bits

Honeywell digital output humidity sensors offer status bits to
ensure robust system operation in critical applications. The
sensor status is indicated by the first two most significant bits
of data byte 1 (See Table 1).

Table 1. Diagnostic Conditions Indicated by Status Bits

Status
Bits Definition

S1 SO

0 0 normal operation: valid data that has not been
fetched since the last measurement cycle
stale data: data that has already been fetched

0 1 since the last measurement cycle, or data
fetched before the first measurement has been
completed

1 0 | device in Command Mode®

1 1 not used

Note 1: Command Mode is used for programming the sensor.
This mode should not be seen during normal operation

When the status bits read “01”, “stale” data is indicated. This
means that the data in the output buffer of the sensor has
already been fetched by the Master, and has not yet been
updated with the new data from the current measurement cycle.
This can happen when the Master polls the data quicker than
the sensor can update the output buffer.
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3.0 Measurement Cycle Equation 1: Humidity Conversion Function
Figure 6 shows the measurement cycle for the humidity sensor. o idity D
The measurement cycle time is typically 36.65 ms for Humidity (%RH) = Humldlt(2(1)4u_t 2L;t Count x 100%
temperature and humidity readings. It is recommended that the
user wait until the measurement cycle has completed rather
than polling for data to reduce current consumption and noise.
5.0 Calculation of Optional Temperature from the

Figure 6. Measurement Cycle for Humidity and Digital Output
Temperature Measurement

For Honeywell Humidity Sensors with the optional
compensated temperature output, the output of the device is
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4.0 Calculation of the Humidity Value from the Digital o .
Output 6.0 Timing and Level Parameters (See Figure 7.)

For Honeywell humidity sensors, the output of the device is
simply a 14 bit number representing between 0 %RH and
100 %RH (see Equation 1):

0 %RH = 0 counts
100 %RH = 2'*- 2 counts

Figure 7. SPI Timing Diagram and Parameters
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Characteristic Abbr. Min. Typ. Max. Unit
SCLK clock frequency fscL 50 - 800 kHz
SS drop to first clock edge tHpss 25 - - us
Minimum SCLK clock low width fLow 0.6 - - us
Minimum SCLK clock high width tHicH 0.6 - - us
Clock edge to data transition teLkp 0 - 0.5 us
Rise of SS relative to last clock edge tsuss 0.1 - - us
Bus free time between rise and fall of SS tBus 2 — — us
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WARRANTY/REMEDY SALES AND SERVICE
Honeywell warrants goods of its manufacture as being free of Honeywell serves its customers through a worldwide network
defective materials and faulty workmanship. Honeywell’s of sales offices, representatives and distributors. For
standard product warranty applies unless agreed to otherwise application assistance, current specifications, pricing or name
by Honeywell in writing; please refer to your order of the nearest Authorized Distributor, contact your local sales
acknowledgement or consult your local sales office for specific office or:
warranty details. If warranted goods are returned to Honeywell
during the period of coverage, Honeywell will repair or replace, E-mail: info.sc@honeywell.com
at its option, without charge those items it finds defective. The Internet: www.honeywell.com/sensing
foregoing is buyer’s sole remedy and is in lieu of all other Phone and Fax:
warranties, expressed or implied, including those of Asia Pacific +65 6355-2828
merchantability and fitness for a particular purpose. In no +65 6445-3033 Fax
event shall Honeywell be liable for consequential, special, Europe +44 (0) 1698 481481
or indirect damages. +44 (0) 1698 481676 Fax
Latin America  +1-305-805-8188
While we provide application assistance personally, through +1-305-883-8257 Fax
our literature and the Honeywell web site, it is up to the USA/Canada +1-800-537-6945
customer to determine the suitability of the product in the +1-815-235-6847
application. +1-815-235-6545 Fax

Specifications may change without notice. The information we
supply is believed to be accurate and reliable as of this printing.
However, we assume no responsibility for its use.
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