I°C

COMMUNICATIONS

Technical Note

This Technical Note provides implementation
information for Honeywell force sensors
with 1°C (Inter-1C) digital output.

1.0 INTRODUCTION

The I2C (Inter-IC) bus is a simple, serial 8-bit oriented computer bus for efficient 12C
(Inter-1C) control. It provides good support for communication between different
ICs across short circuit-board distances, such as interfacing microcontrollers with
various low speed peripheral devices.

Each device connected to the bus is software addressable by a unique address
and a simple “Master’/"Sensor” relationship that exists at all times. The output
stages of devices connected to the bus are designed around an open collector
architecture. Because of this, pull-up resistors to +Vpp must be provided on the
bus. Both SDA (Serial Data Line) and SCL (Serial Clock Line) are bidirectional lines,
and itis important for system performance to match the capacitive loads on both
lines. In addition, in accordance with the I?°C specification, the maximum allowable
capacitance on either line is 400 pF to ensure reliable edge transitions at 400 kHz
clock speeds (see Figure 1). When the bus is free, both lines are pulled up to +Vpp.
Data on the I?°C-bus can be transferred at a rate up to 100 kbit/s in the standard
mode, or up to 400 kbit/s in the fast mode.

FIGURE 1. 1°C BUS CONFIGURATION
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NOTICE

For detailed specifications of the I?°C
protocol, see Version 2.1 (January
2000) of the I?°C Bus Specification
(source: NXP Semiconductor at (http://
www.nxp.com/acrobat_download/
literature/9398/39340011.pdf).

2.0 DATA TRANSFER

Honeywell's digital output force sensors
are designed to respond to requests
from a Master device. Following the
address and read bit from the Master,
these Sensors are designed to output up
to four bytes of data, depending on the
sensor options and application needs. In
all cases, the first two data bytes are the
compensated force output, along with
sensor status bits. The third and fourth
bytes are for optional compensated
temperature output.

2.1 SENSORADDRESS

Each sensoris referenced on the bus
by a 7-bit Sensor address. The default
address for Honeywell force sensors is
40 (28 hex). Other available standard
addresses are: 56 (38 hex), 72 (48 hex),
88 (58 hex), 104 (68 hex), 120 (78 hex).
(Other custom values are available.
Please contact Honeywell Customer
Service.)
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2.2 FORCE READING (SEE FIGURE 2)
The Master generates a “Start” condition  first two bytes contain the compensated and can terminate the communication

and sends the Sensor address followed force output, and the second two bytes by sending a “Not Acknowledge” (NACK)
by a “Read” bit. After the Sensor contain the optional compensated bit followed by a “Stop” bit after receiving
generates an “Acknowledge” (ACK), it temperature output. The Master must both bytes of data.

will transmit up to four bytes of data: the acknowledge the receipt of each byte,

FIGURE 2. 12°C FORCE AND TEMPERATURE MEASUREMENT PACKETS READOUT!
Two byte data readout

Data byte 1 Data byte 2
§A6‘A5‘A4’A3’A2’A1’AO 1 |&(sL]s0 BlS|B12|Bll|BlO|B9|B8§B7|B6|BS|B4|BS|BZ|B1|BOgg
Sensor address [6.0] Read Status Bridgedata[13.8] Bridgedata[7.0]
Three byte data readout
Data byte 1 Data byte 2 Data byte 3
§A6‘A5‘A4’A3’A2’A1’AO 1 |&|st|so Bl3|BlZ|Bll|BlO|BQ|BB§B?|B6|BS|B4|53|BZ|Bl|BO§T10|T9|T8|T7|T6|T5|T4|T3 g;?,
Sensor address [6.0] Read Status Bridgedata[13.8] Bridgedata[7.0] Bridgedata[10.3]
Four byte data readout
Data byte 1 Data byte 2 Data byte 3 Data byte 4
§A6‘A5‘A4’A3’A2’A1’AO 1 |8(sL|s0 Bl3|BlZ|Bll|BlO|Bg|BS§BT|BG|BS|B4|BB|BZ|B1|BO §T10|T9|T8|T7|T6|T5|T4|T3§T2|T1|T0|X|X|X|X|X §§
Sensor address [6.0] Read Status Bridgedata[13.8] Bridgedata[7.0] Bridgedata[10.3] Bridgedata[2.0]

[] Bits generated by Master [] Bits generated by Sensor

2.3 TEMPERATURE READING
The optional corrected temperature data may be read out with either 8-bit or 1 1-bit output. See Table 1 for specifics.

TABLE 1. OPTIONAL COMPENSATED TEMPERATURE
OUTPUT __|READING | LOCATION RESOLUTION

8-bit Optional compensated temperature value third data byte 0.8°C
11-bit Complete optional compensated temperature value fourth data bytet! 0.1°C

I The five least significant bits of the fourth data byte are “Do Not Care” and should be ignored.

2.4 DIAGNOSTICSTATES
Honeywell digital output force sensors offer both standard and optional diagnostics to ensure robust system operation in critical
applications. The diagnostic state is indicated by the first two Most Significant Bits of data byte 1 as shown in Table 2.

TABLE 2. DIAGNOSTIC STATES

STATU DEFINITION

0 Normal operation, valid data
1 Device in command mode!
0 Stale data: Indicates data that has already been fetched since the last measurement cycle, or data fetched

before the first measurement has been completed

= HOOE

1 Diagnostic condition
* Command mode is used for programming the sensor. This mode should not be seen during normal operation.

A status bit reading of “10” indicates “stale” data. This state may occur when the Master polls the data quicker than the sensor can
update the output buffer.
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241 Standard Diagnostic Function

The standard diagnostic function is an EEPROM (Electrically Erasable Programmable
Read-Only Memory) signature used to validate the EEPROM content during startup.
Any EEPROM content change after calibration flags a diagnostic condition.

2.42 Optional Diagnostic Functions

The two optional diagnostic functions, either of which may be indicated by a status bit
reading of “117, are:

e Loss of sense element connection

e Shortcircuit of sense element

(Please contact Honeywell Customer Service with questions regarding the availability
of optional digital output force diagnostics.)

3.0 CALCULATING FORCE FROM THE DIGITAL OUTPUT

The output of the sensor may be expressed by its transfer function as shown in
Equation 1.

Equation 1: Force Sensor Transfer Function

(Outputyay, - Outputyin)
Rated Force Range

Output= x (Forceappica) + Outputyin
Rearranging this equation to solve for force provides Equation 2:

Equation 2: Force Output Function

(Output - Outputy,)
(OUtpUtmax_' OUtpUtmin.)

Where:

Outputa, = output at maximum force [counts]

Outputx, = output at minimum force [counts]

Forceyats = maximum value of force range (N, Lb, g, or kg)
Forceappies = Force being measured by the sensor (N, lb, g, or kg)
Output = digital force reading [counts]

Force = x Rated Force Range

Example: Calculate the force for a 10 N force sensor with a 10% to 90% calibration
and a force output of 6880 (decimal) counts:

Outputma = 14745 counts (90% of 21 counts or 0x3999)
Outputyi, = 1638 counts (10% of 2** counts or 0x0666)
Forcenes=10N

Force =forcein N

Output = 6880 counts

[(6880-1638)x10]
(14745-1638)
(5242x10)
13107

Force= 4N

Force =

Force =

4.0 CALCULATING OPTIONAL
TEMPERATURE FROM THE
DIGITAL OUTPUT

For those sensors so equipped, the
optional compensated temperature
output may be converted to °C using
Equation 3:

Equation 3: Temperature Conversion
Function

Temperature (°C) =(M:) X 200) -50
2047

If the 8-bit temperature outputis used,
shift the data to the left by three bits and
set the three Least Significant Bits (LSB)
to zeros.

Example: Calculate the optional
compensated temperature output for a
sensor with an 8-bit temperature output
of 255:

Step 1: Left shift the above 8-bit value
by three places and append the three
LSBs with zeros:

Digital Temperature Output (8-bit) = 255 =
11111111b

11111111000b=2040

Step 2: Use the adjusted value and
insert into Equation 3:

Temperature (°C) =(@ X 200) -50
2047

Temperature=149.31°C
Example: Calculate the optional
compensated temperature for a sensor
with an 11-bit temperature output of

1456:

Step 1: Insert the digital temperature
output value into Equation 3:

Temperature (°C) = @xzoo -50
2047

Temperature = 92.26°C
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5.0 TIMINGAND LEVEL PARAMETERS (SEE FIGURE 3 AND TABLE 3)

FIGURE 3. TIMING AND LEVEL PARAMETERS

Two byte data readout

Data byte 1 Data byte 2
‘é‘AS‘AS‘M‘A}‘AZ‘AL‘AO‘ 1 ‘§ Sl‘SO‘BI}‘BH‘BU‘MO‘BQ‘BB m‘ss‘as‘aa‘az‘az‘m‘so
[ Sensoraddress(6.0]  |Read| | Status | Bridgedata[13.8] Bridgedata[7.0]

INACK

Stop

K

Three byte data readout

Data byte 1 Data byte 2 Data byte 3
g Sl‘50‘313‘311‘811‘810‘99‘BH B?‘BS‘BS‘BQ‘B}‘BZ‘M‘BU §TIU‘TB‘TB‘W‘TE‘TS‘T‘O‘H
Status \ Bridgedata[13.8] Bridgedata[7.0] Bridgedata[10.3]

5

Stop

K

AG‘AS‘M‘M‘M‘M‘M‘ 1
[ Sensoraddress[6.0] |Read

INACK

Four byte data readout

Data byte 1 Data byte 2 Data byte 3 Data byte 4

Sl‘SO‘BH‘BH‘BU‘BM‘BB‘BS g B7‘EE‘BS‘BQ‘BS‘BZ‘81‘EO sTIO‘TH‘TB‘W‘TE‘TS‘T&‘TS =1 TZ‘H‘TO‘X‘X‘X‘

5

AG‘AS‘AA‘AS‘AZ‘M‘AO‘

X‘X

INACK
Stop.

| Sensor address 6.0]

Status | Bridgedata[13.8] Bridgedata[7.0] Bridgedata[10.3] Bridgedata[2.0]

TABLE 3. TIMING AND LEVEL PARAMETERS
PARAMETER SYMBOL m TYPICAL m UNIT

SCL clock frequency fseL
Start condition hold time t 01 _ _ s
relative to SCL edge ADEIE ‘ H
Minimum SCL clock width?:
lOW tLOV\/ 06 — — HS
high thign 0.6 = = us
Start condition setup
time relative to SCL edge tsusTa ol B B HS
Data hold time on SDA ¢ 0 . . <
relative to SCL edge RIDIRAY H
Data set-up time on SDA
relative to SCL edge tsupar 0.1 - - Hs
Stop condition setup
time on SCL tsusTo 0.1 = = us
Bus free time between
stop condition and start taus 2 — — us
condition
Output level:
low Out, ow — 0 0.2 Voo
h|gh OUtHlGH 0.8 1 = VDD
Pull-up resistance on
SDA and SCL Re ! - 20|l
*Combined low and high widths must equal or exceed minimum SCL period.
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WARRANTY/REMEDY

Honeywell warrants goods of its
manufacture as being free of defective
materials and faulty workmanship
during the applicable warranty period.
Honeywell's standard product warranty
applies unless agreed to otherwise by
Honeywell in writing; please refer to your
order acknowledgement or consult your
local sales office for specific warranty
details. If warranted goods are returned
to Honeywell during the period of
coverage, Honeywell will repair or replace,
at its option, without charge those items
that Honeywell, in its sole discretion,
finds defective. The foregoing is buyer’s
sole remedy and is in lieu of all other
warranties, expressed or implied,
including those of merchantability
and fitness for a particular purpose.
In no event shall Honeywell be liable
for consequential, special, or indirect
damages.

While Honeywell may provide application
assistance personally, through our
literature and the Honeywell web site, it
is buyer’s sole responsibility to determine
the suitability of the product in the
application.

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

THE
FUTURE
IS
WHAT
WE
MAKE IT
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