INSPIRED ENGINEERING

Programmable Sensor Interface
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A Microprocessoicontrolled signal Pressure transducers
conditioning for bridgetype sensors

>

Accelerometers

A Suited for lowcost sensors: reduction of
non-linearity by programmable
coefficients

>

Temperature sensor assemblies

p>N

Linear position sensors

A External or internal temperature sensor
for compensating temperature errors

A Versatile output signal ranges: 4, 5, 10, or
11VDC; 4 to 20 mA loop

A Mass calibration easy with 2400 or 9600
baud UART

A Power supply from 6 to 35VDC
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Product Code  Temperature PackageCode Option Code Packing Form

Code Code
MLX90308 L DF DAA000 RE
MLX90308 L DF DAA000 TU
Legend :
Temperature Code: L for Temperature Rangd0°C to 150°C
Package Code: DF for SOIC3Mil
Packing Form: RE for Reel, TU for Tube

Ordering example: MLX90308LDBAAOOO-RE
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Melexis

MLX903®8

Programmable Sensor Interface
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MLX90D8 Melexis -

Programmable Sensor Interface
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The MLX90308 is a dedicated microcontroller which performs signal conditioning for sensors wired in bridge or
differential configurations. Sensors that can be used include thermistors, strain gauges, load cells, pressure
sensors, accelerometers, etc. The signal conditioning includes gain adjustment, offset control, high order
temperature and linearity compensati. Compensation values are stored in EEPROM and ae re
programmable. Programming is accomplished by using a PC, with an interface circuit (level shifting and glue
logic), and provided software.

The application circuits can provide an outpuiaof absolute voltage, relative voltage, or current. The output can

be range limited with defined outputs when the signal is beyond the programmed limits. Other features include
alarm outputs and level steering. The robust electrical design allows the9(d08& to be used where most
signal conditioning and sensor interface circuits cannot be used. Voltage regulation control is provided for
absolute voltage and current modes (external FET required).

The standard package is a plastic SO16W. Theadsvitatiesensitive and requires ESD precautions.
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Programmable Sensor Interface

6. 9fSAND £LICGFO iR ¥

DCoperating parameters. Ta =-40 to 140°C, VA = 6 t035Voc (unless otherwise specifi
Paameter Symbol TestGonditions Min  Typ Max Units

Regulator & Consumption

Input voltage range ViN Vbo1 (Reguator connected)

Supply current Ipp @ Ta=100°C Qurrent Mode 21 mA

SQupply current % @ Ta=100°C Voltage Mode 5.0 |mA

Reguated supply voltage ~ Vres 45 | 475| 52 |V

Reguated voltage -600 uv/°C

temperdgure

coefficient

SQupply rejection ratio PSR Vbp1> 6V 0 dB

Instrumentation Amplifier

Differential input range VBP-VBN  [INV=0 -11.0 32.0 | mV/Vivda)

Differential input range VBP-VBN  [INV=1 -32.0 11.0 | mV/Vivdg)

Common mode input range 1/2(VBP+VBN) 38.0 65.0 |%/DD

Pin leakage current PinsVBP & VBN to GND, Voo = 8.0 |nA

Common mode rejection Ratio QMRR 60 dB

Hardware gain 18 22 |\VIV

(oarseoffset control range COHL:.0] =00 -15.3 139 | v
COHL.0 =01 -5.1 38 | v
COHL0 =10 3.8 51 |mvuv
COHLO =11 13.9 153 | v

Fixed offset control range High 6.0 8.0 mviv

IAchopper frequency 300 kHz

Gain Sage

Coursegain CGN=000 3.0 3.3 (WV

(Fixed Gain=1023 CGN=001 49 54 VIV

* CBN=100t0 111: CXGN=010 8.0 8.8 |VIV

voltage modeonly, not

applicableto current mode CGN=011 12.8 14.1 |VIV

Qutput >6.5V;MSB= 1

Output <6.5V;MSB= 0 C3GN =100 79 8.7 |VIV

CGN=101* 12.7 14.0 (VIV
REVISIOBD8 DECEMBER 2016 Pages5 of 34
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Parameter TestConditions Min  Typ Max Units

Coarsegain CGN=110 204 230 |vv
CLN=111* 331 36.6 |VIV

Fixed gain control range 0.480 0.970 |VIV

Digital Mode & Qurrent Mode Coarse Gain Sage

CourseGain CSGN=00 1.05 117 Vv
CGN=01 171 1.89 |wV
CGN=10 2.77 3.06 VIV
CGN=11 4.48 495 |VIV
Voltage Mode Output Stage ( See Voltage d)
Qutput voltage span CN2:21 =0 4.5 6.5 |V
Gain 2.74 3.04 VIV
CHBN22) =1 6.5 11 %
Gan 7.24 786 |VIV
Minimum output voltage 02 |V
Qutput source current 2.0 mA
Output sink current @ OVoutput voltage 20 UA
Qutput resstance Ower complete output range 25 Ohms
Digital mode output span CN2:21 =0 6.5 %
CHBN22 =1 11.0 %
Digital mode step size Vop=5V, CGN[2:2]=0 6.5 mV
Vbp=5V, CGN[2:2]=1 11.0 mvV

Capacitive load VMO pin
Qurrent Mode Output Sage

10 nF
8.4 9.3 mA'V

Fxed gain Rsms =24 ohm

Qutput current GMOpin Qurrent mode 27 mA
Qurrent senseresistor 24 Ohms
Digital mode current output span ~ Vbp=5V 23 mA
Digital mode current step Sze Vbp= 5V, Reve=24K 30 UA

Sgral Path ( General)

Overall gain \loltage mode 28 600 |VIV
Qurrent mode =24K 81 750 |mAlV

Overdl noninearity -0.25 025 |%

Ratiometry Eror (4.75V ¢ 5.25V) Overal Gain < 250v/V -0.5 05 |%
Overal Gain > 250v/V -1.3 +13 | %

REVISIOBD8¢ DECEMBER 2016
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MLX9038

Programmable Sensor Interface

Paameter TestConditions

Min

'Min

Max

Melexis

INSPIRED ENGINEERING

Units

On-Chip RCOscillator and Qock

Bandwidth (-3dB) 39 nFconnected from FITto GND| 2.8 3.5 4.2 KHz
Noise, Vbp=>5V, Gi=39nF C=10nF R =5KK, Analog Mode 71 |mVRVMS
Temperaure Sensor & - Amplifier
Temperaure sensor sensitivity 390 uviec
Temperaure sensor output voltage 70 380 |mv
emperaure Sensor & Amplifier (continued).
Input voltage range TMPpin GNTH1,0] =00 207 517 |mV
@ Vop=5.0V GNTH1,0] =01 145 367 [mV
GNTH1,0]=10 101 263 (mV
GNTH1,0]=11 71 186 |mV
Resolution 10 Bit
Monotonicity Cuararteed ByDesign
Ratiometric output range (DACoutput) 1 75 | %Vop
Offset Eror 10 LB
Diferential non-inearly 1 |18
Integral norHinearity 2 |8
Resolution 10 Bit
Monatonicity Guararteed by design
Ratiometricinput range 1 75 | %Vop
Offset error 10 LB
Diferentia non-inearly 1 |LB
Integral non-inearity 2 |LB

Untrimmed RC 40 250 |kHz
oscillator frequency

Timmed RCoscillator frequency 86.9 | 87.8| 887 |kHz
(Measured at TMPpin with TSTB pin pulled low after power up)

Frequerty temperaure coefficiency 26 Hz/°C
CQock Sability with temperaure compensation over full temperaure -3 3 | %

range

Ratio of f(microcontroller main TURBO=0 7

clockand (RCoscilator) TURBO =1 8
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Programmable Sensor Interface

Paameter Symbol Testnditions Typ Max  Units
Input & Output Pins (101 & 102)
Digttal input levels Low 0.5 V
Hgh Vbo0.5
Output Levels @ output current =5mAlow \bp0.4 04 |V
@ output current =5mAhigh
Input levels
High Vbo0.5
Pull-up Resistor kOhms

FLTPn

Qutput resistance kOhms
Qutput voltage range \DD=5V 0.05 36 |V
OFCPin ‘
Qutput voltage range \DD=5V 0.05 375 |V
Loa capacitor 20 F
UARTbawd rate TURBO=0
TURRO=1 9600 baud
CQMSpininput levels Low 0.3*Vop %
High 0.7Voo |V
CQMSPn Output Resisance Low 100 Ohms
High 100 kOhms
REVISIOBD8¢ DECEMBER 2016 Pages of 34
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MLX9038

Programmable Sensor Interface

7.0 Vi daS o) &

Cuwtomization

Melexis can customize the MLX903® in both
hardware and firmware for unique requirements.
The hardware desgn provides 64 bytes of RAV, 3
kbytes of ROM, and 48 bytes of EEPRM for use by
the firmware.

Foedal Information

The output of the sensar bridge is amplified via offset
and gain amplifiers and then converted to the correct
output signal form in one of the output stages

The sensitivity and offset of the analog signal chain
are defined by numbers passed to the DACinterfaces
from the microcontroller core (GN[9:0] and OH9:0]).
The wide range of bridge offse and gain is
acommodated by means of a 2-bit coarse
adjustment DAC in the offset adustment
(C®H1L:0]), and a similar one in the gain
adjustment (C®N[2:0]). The signal path can be
directed through the processor for digital processing.
Two /O pins are available for anabg inputs or
digital outputs. These pins can be used for alarms on
various points on the analog signal path and built-in
or external temperature values.

Programmingand Setup

The MLX90308 needsto have the compensation
coefficients programmed for a particular bridge
sensor to create the sensor system.
Programming the HEEPROM involves some
minimal communications interface circuitry,
MelexisQ setup software, and a PC. The
communications interface circuitry is available
in a development board. This circuitry
communicates with the PC via a standard RS
232 serial communicationsport.

Craoss Reference

There are no known devices which the MLX 90308
canreplace.

ED Precautions

Observe standard ESDcorntrol procedures for QVIOS
semiconductors.

REVISIOB08¢ DECEMBER 2016
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Table 2. Absolute Maximum Ratings

Spply voltage (ratiometric) Vop Max 6V
Qupply voltage (ratiometric) Vop Min 4.5V
Supply voltage (operating), Voo Max 35V
Reverse voltageprotection -0.7v
Supply current, Curent Mode, Ipp 3.5mA
Supply current, VoltageMode, Ipp 4.5mA
Qutput current, lywo 8mA
Qutput current (short to Vpp), Iscvmo 100mA
Output current (short to Vsg, Iscvmo 8mA
Qutput voltage, Vymo +11V
Power disdpation, P, 71mwW
Operatingtemperature range, Ty -40to +140°
Soragetemperaturerange, Ts -55t0 +150°
Maximum junctiontemperature, T, 150TC

Page9 of 34



MLX903®8 Melexis

INSPIRED ENGINEERING

Programmable Sensor Interface

Table 3. Pin Desaiption

Pn Sonal Desciiption
Name
1,2|1/01,2 Bidirectional I/ O. Canalso be used asinput to A/D converter. 1/0O canbe

controlled by serial communicationsor by firmware asalarm inputsor
level out. (unconnected when not used)

3 | TSIB Test pin for Melexis production testing. (in normal application connected to
VDD)

4 AT Hlter pin; allowsfor connection of acapecitor to the internalanalog path.

5 ORKC Offset control output. Providesacoessto the internal programmed offset

control voltagefor use with external circuitry. (unconnected when not used)
6,7 | VB\,VBP Bridgeinputs, negative and positive.

8 | TMP Temperature sensor input. An external temperature sensor canbe wsedin
conjunction with the internal one. The external sensor can provide

a temperature reading at the location of the bridge sensor.

9 | Vop Reailated supply voltage.Used for internalanalogcircuitry to ensure acaurate
andstable signalmanipulation.

10 | FET Reailator FET gatecontrol. For generatinga stable supply for the bridge
sensor andinternal analogcircuitry (generatesregulated voltage for VDD).

11 | Voou Unregulated supply voltage. Used for digital circuitry and to generate FET
output.

12 | WO Voltage mode output. Canpensated sensor output voltage.

13 | CMO Curentmodeoutput. Canpensated sensor output for current mode
operation.

14 | CMN Curent mode negaive rail. Curent modereturn path.

15 | GND Power supply return.

16 | GOMS Serial communicationspin. Birdirectional serial communication signal for

readngandwritingto the EEFROM.

1 1 o coms | [T I8
: 1 = awn ([T 1=
1 1 TeTH T
AT nr me ([T ] =
=1 ar wo (1] =
e 1] e wo [T »
T[] v e (11 ®
1] ™R we ([T ] &

Hgure2. Pinout (S016W (LW) Package)
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MLX9038

Programmable Sensor Interface

AndogFeatures

Qpply Regulator

A bandgp-stabilized supply-regubtor is on-chip
while the pass-transistor is external. The bridgetype
sensor is typicaly powered by the regulaed supply
(typically

4.75V). For ratiometric operation, the supply-
regulator can be disébled by connecting together the
unregulated and regulated supply pins.

Oscllator

The MLX903(8 cortains a programmable on-chip RC
ocillator. Noexternal components are needed to set
the frequency (B7.8 kHz +/-1%9. The MCUclo is
geneaated by a PLL (phase locked loop tuned for 614
kHzor 2.46 Mhz) which locks on the basic oscillator.

The frequencgy of the internal clock is stabilized
over the full temperature range which is divided into
three regions, each regon having a separate digital
clock seting. Al of the clock frequency
programming is done by Melexis during final tes
of the component. The device uses the internal
temperature sensor to determine which temperature
range settingto use

A/Dand D/A

Caversionsusingonly one DAC

Fa saving chip area, the "Offset DAC"is multiplexed
in various ways. Both "fine offse" and "digital mode"
signals are stored on a capactor. An ADCloop is
available by using a comparator and SAR.

D/A

Before changing to ancther cgpadtor, the DAC
output shauld be settled to the new value Fa
example, MODSELmoves the analog multiplexer to
the so- caled "open state 0." At the same time, the
10 bit mux sekects OH9:0] for the offset-DAC. Afer
the DACsdtling time, the analog multiplexer is
moved to its final state and the DAGoutput is
stored on acapacitor.

A'D

The SW-Sgnd MODSEIlconneds the SARoutput to
the DACand the DAGoutput to the comparator. The
SARgider is initialized by a rising edge of STC (SW
signal). At the end of the A/D conversion, the

EOCflag is set to 1 and the controller can read the
ADCvalues

REVISIOBD8¢ DECEMBER 2016
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Power-On Reset

The Power-On Resd (POR) initializes the state of
the digital part after power up. The resd circuitry is
completely internal. The chip is completely reset
and fully operational 3.5 ms from the time the
supply crosses

3.5 volts. The POR circuitry will issue anather POR
if the supply voltage goes below this threshold for
1.0us.

Tes Mode

Fa 100%tedability, a "TES™ pin is provided. If the
pin is pulled low, then the monitor program is
entered and the chip changes its functionality. In all
other applications, this pin should be pulled
high or left floating (interna pull-up).

Temperature Sense

The temperature measurement, TPO, is geneaated
from the external or internal temperature sensor.
This is converted to a 10-bit number for use in
cdculating the signal compensation factors. A 2-bit
coarse adjustment GNTP[L:0] is used for the
temperature signd gain & offset adjustment.
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