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1. Introduction

Revision 1.02

This document describes the External sensor interface (SFE — sensor front end) on the

SL900A smart label device. For a complete description of the SL900A device, please refer to

the datasheet.

The pinout is:
Pin # Pin Nave DescrIPTION

1 VPOS RF rectifier output

2 VSSA ;:rkcl)isnzubstrate ground — connect to antenna

3 ANT2 Antenna coil — higher capacitance, higher current

4 ANT1 Antenna coil — low capacitance, low current

5 VREF Reference voltage output (Vo2)

6 EXT1 Analogue input for external sensor

7 EXT2 Analogue input for external sensor

8 VSS Chip substre}te ground — connect to negative
battery terminal

9 SEN Enable input for the SPI interface

10 SCLK SPI clock

11 DIN SPI data input

12 DOUT SPI data output

13 VBAT Positive supply input

14 MEAS Test pin for use during test

15 EXC S_upply voltage for the external sensors or a AC
signal source for external sensors

16 ANA-TEST Analogue test pin

Table 1: SL900A pin description

The pins that are used for SFE:
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Figure 1: SL900A E.S. pinout

e EXTI1 — connection for external sensor 1 that can be a linear-resistive sensor, a DC voltage
source (sensor with external analog processing), capacitive and resistive sensors with AC

driving,

e« EXT2 — connection for external sensor 2 that can be a linear-conductive sensor, a reverse-po-
larized diode, DC voltage source with serial resistance or a DC current source to VSS,

e EXC - supply voltage for the external sensors or a AC signal source for external sensors that

do not allow a DC voltage.

« VREF - reference voltage (Vo2) pin used for capacitive and resistive sensors with AC excita-

tion.

The SL900A has 2 inputs for analogue external sensors. The following type of sensors can be

used:
* Resistive with linear resistance,

* Resistive with linear conductance,

» Capacitive without DC voltage (AC excitation),

Resistive without DC voltage (AC excitation),
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* Resistive bridge,

» Opto sensors (opto diode),

e Current source sensor,

« Voltage source sensors.

Revision 1.02

Sensor type

M anufacturer

M od€

Comment

Resistive bridge

X

any resistive sensor
(pressure, humidity,
temperature...)

Capacitive- no DC (AC | E+E Elektronik HC105, HC109, |humidity
excitation) P14thermo

Resistive- no DC (AC |GE Sensing, EMD4000,

excitation) Ghitron Technology |HCZ-D5

Resistive - linear FlexiForce A201 pressure
conductance

Resistive - linear X X

resistance

Photodiode, Hamamatsu S10170 light, color
opto-sensors

Voltage source X X

Current source X X

The SFE interface is optimized for low-power operation. The external sensor excitation or

supply will only be active for the duration of sampling and AD conversion. All other time the

SFE is in stand-by mode and consumes only the leakage current. It is also optimized for

minimum count of external components, so in most cases only the sensor itself is needed.

Some types of sensors (with AC excitation or resistive bridge) require an external reference

component (resistor or capacitor).
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2. SFE detailed description
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Figure 2: SFE block diagram

Revision 1.02

The SFE interface can be used in manual gain selection or in automatic gain selection

(autorange). The SFE interface is programmed with the “Set SFE Parameters” custom
command, or with the SPI interface (EEPROM address 0x017 and 0x018):
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SFE croup BiTs | FuncTion DEscRiPTION

rang[4:0] External sensor 2 range Resistor feedback ladder — see application note for SFE
seti[4:0] External sensor 1 range Current source value — see application note for SFE
EXT1[1:0] external sensor 1 type 00 — linear resistive sensor

01 - high impedance input (voltage follower), bridge

10 — reserved

11 - capacitive or resistive sensor without DC (AC signal on
EXC pin)

EXT2 external sensor 2 type 0 — linear conductive sensor

1 - high impedance input (voltage follower), bridge

Range preset Use preset range Autorange function is turned off

Verify sensor ID[1:0] | Sensor used in limit check 00 — first selected sensor

(sensor enable bits in log mode group) |01 — second selected sensor

10 — third selected sensor

11 — fourth selected sensor

The rang[4:0] and seti[4:0] bits are used only if the Autorange function is turned off (Range
Preset). The rang[4:0] value is coded is one-hot and selects the feedback resistor value for the
EXT2 input in linear conductance mode (EXT2=0). The seti[4:0] value is binary coded and
selects the current source value for the EXT1 input in linear resistance and capacitance mode

(EXT1=00 or 10) Otherwise those values are ignored. The values are defined as:

rang[4:0] feedback resistor value seti[4:0] | current source value
[kQ] (EXT2) [HA] (EXT1)

00000 Not allowed 00000 0

00001 3875 00001 0.25

00010 1875 00010 05

00100 875 00011 0.75

01000 400

10000 185 11110 7.5

All other values Not allowed 11111 7.75

The external sensor type is selected with the EXT1[1:0] and EX2 bits. The ‘Verify Sensor
ID[1:0] value is used for the sensor selection in limits mode. By default the integrated

temperature sensor is selected.
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Revision 1.02

For the case where limits are used with any of the external sensors, the auranging has to be

disabled and manual gain selection has to be used. The limits are used only on the 10-bit AD

converter value and not on range bits, so in case that autoranging would be enabled, the limit

comparison would not be reliable.

The AD converter can be started with the RFID command eer sensor vaLue or with SPI
commands 0x01, 0x02, 0x03 and 0x04. The reply in both cases is 16 bits long (in RFID also
CRC is attached), where the MSb is the Error bit, next 5 bits are the Range (set[4:0] or

rang[4:0]) and the lower 10 bits are the AD converter output code:

AID error

Range

Sensor value

1 bit - error [1]

5 bits

10 bits

February 2011 © IDS Microchip AG
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3. AD converter description

The SL900A device has an integrated 10-bit AD converter with selectable input voltage range.
The voltage input range is selected with the 2 voltage references (Vol and Vker). The Vrer
voltage defines the lower voltage limit. The upper voltage limit is defined with 2* Vrer -VO1.

\

2*Vref - Vo1 AD code
=0x3FF

AD voltage
input range

,,,,, AD code
=0x000

Vo1

Figure 3: AD converter voltage input range

The references can be selected in steps of 50mV:

CALIB. CODE Vol Vo2 (VREF)
0b000 160mVv 260mvV
0b001 210mVv 310mv
0b010 260mV 360mvV
0b011 310mVv 410mVv
0b100 360mV 460mV
Ob101 410mVv 510mV
0b110 460mV 560mV
Ob111 510mV 610mV

The default voltage reference values set in production are:
Vol =0V (VSS)

Vrer = 310mV

The input voltage can be calculated from the following equation:
Veer — Vo1
Veens = ADcode GRElFTMO Ve

Ve — Vol
1024

= resolution

Vier = Offset
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4. Connection diagrams for external sensors

a4 EXC — < EXC
—— | SENS
o VREF VREF
REE,
T CAP.
EXTI EXTI
o EXT2 o EXT2 B EXT12
- VSS VSS§ VSS
ﬁﬁ:\i““"l’“ Cap.No DC Res. No_DC
rosistance SL900A. . sensor | SL800A . sensor SLQMAi
< EXC < EXC a EXC <a EXC
o VREF B VREF o VREF o VREF
o EXT1 B EXTI o EXT1 o EXT1
EXT2 o EXT2? EXT2 —a EXT2
E //1{ Q CD
— VSS VS§S§ VS8 3 VSS
Femuve Lype v Sensor -voltage Sengor -current
condustance SLO0A Oplo sonsor|SLI00A souree SLO00A soutce SLsooa
EXT1 + EXT2:
<a EXC
o VREF
_,—I:I EXTI
—l—u EXT2
ﬁ VSS
External bridge
sensor ‘SLs,oin, .
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5. External sensor input 1 (EXT1)

The external sensor 1 interface (EXT1 pin) can be used for measurements with linear resistive
sensors and capacitive sensors with AC excitation. It can also be used to measure 1 point of a

resistive bridge (with the second point connected to the EXT2 pad).

Capacitive sensor without DC

The processing of an external capacitive sensor without DC voltage is possible in case an
external reference capacitor is used. The external sensor in is excitated with an AC signal from
the EXC pin. The connection for this kind of sensors is shown on Figure 4. There is no
autoranging functionality in this mode, so the reference capacitor needs to be selected

according to the expected sensor capacitance.

EXC
—— SENS

VREF
REE

T CAP.
EXT1
o EXT2
1 V88

Cap. No NC
sensor SLB00A

Figure 4: External capacitive sensor with AC excitation (EXT1[1:0] = 11)

The external capacitive sensor in Figure 4 is excitated with a square wave signal around the
reference voltage VREF (by default this is 310mV, but can be changed by the application). The
amplitude of the AC signal is equal to the VREF voltage. The input AC amplitude is defined as:

C'SENS

(CREF + CSENS)

VEXTl = VREF REF

The selection of the reference capacitor depends on the AD converter input voltage range and
expected capacitance range of the sensor. The input AC amplitude Vexr; at minimum

capacitance Csens Mmust be at a maximum AD level:
Vo max =2 Wgge —Vol

The input AC amplitude Vexr; at minimum capacitance Csens must be close to minimum AD

level:
VAD _ min = VREF

The sensor capacitance value is calculated using the below relations:
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Virn =V ADcodélV,,.-Vol
CSENS = CREF ol A l:l CSENS = CREF éﬂ AL )
Werr = Vern 1024V, - ADcodé)V,,, - Vol

Resistive sensor with linear resistance (EXT1 to VSS)

The minimum and maximum resistance values that can be measured on the EXT1 input are:
Rsens.min=33.5kQ
Rsens-max= 4.9MQ

The external sensor interface can also be used for resistive sensor with linear resistance and
with resistive sensor that do not allow any DC voltage (AC excitation). The connection

diagrams are on Figure 5 and Figure 7.

a4 EXC

o VREF

EXT1

o EXT2

— VSS§
Resistive type
Tinear
resistance

Figure 5: External linear resistive sensor (EXT1[1:0] = 00)

SLS00A
o

Autoranging: Voltage on linear resistive sensor increases with increasing current to excite limit
Vrer:

seti <4:0 >0, [Rgys > Vi,

step

where Isep is 0.25UA - see Table below:

seti<4:0> lexs [UA] Comment
00000 0
00001 0.25
00010 0.5 The absolute value of the current
depends on integrated resistors value
10000 4.0 -

and can vary within process tolerances.
10001 4.25
11111 7.75

The sensor resistance can be calculated from:

VEXTl
seti<4:0>[

step
i)

RSENS =

Ve — Vol
Vs, = ADcode EIREIFTMO Vo
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—Vol
ADcode (7 ~ V0L, Ve

R - 1024
SENS seti<4:0>[

step

If default values for the AD reference voltages are used (Veser=310mV, V0o1=0V), then the

equation can be simplified to:

ADcode [302.7 107 +310
seti <4:0>10.25

RSENS [ kQ] =

Resistive sensor with linear resistance (EXT1 to VREF)

The minimum and maximum resistance values that can be measured in this configuration is:
Rsens-min=6.3Q (maximal possible resolution)
RSENS-max= 2.44MQ

The internal ESD PAD resistance on VREF and EXT1 needs to be taken into account for low-
resistance measurements. The resistance value is 200Q for VREF and EXT1. The pad

resistance tolerance is +37.5% with a temperature dependence of +0.18Q/°C.

O EXC

E VREF
EXT1
o EXT2

o VS§S

SLI00A

Figure 6: linear resistive sensor (EXT1[1:0] = 00)

The resistive sensor is supplied with a current where s, is 0.25uA. This current can be

manually selected, or can be automatically selected:

seti<4:0> lex: [UA] Comment
00000 0
00001 0.25
00010 0.5 The absolute value of the current
depends on integrated resistors value
10000 4.0 -

and can vary within process tolerances.
10001 4.25
11111 7.75

The sensor resistance can be calculated from:
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v
R — EXT1 _ Veer — Vol
SENS T i< d:0> 0, Vixr1 = ADcode E}W

ADcode [V, —Vol)
1024 [Seti <4:0 >[I

step

SENS

If default values for the AD reference voltages are used (Vrer=310mV, Vo1=0V), then the

equation can be simplified to:

" 0.256[Seti <4:0 >

Ry [k Q] 0.31CADcode

Resistive sensor without DC

An additional external reference resistor has to be used for processing external resistive
sensor with AC excitating. For a resistive sensor with AC excitation the following relation is
valid:

v
VVREF < VVREF + — ERREF <2 WVREF —Vol
Rgpys + Rgger

The proper ratio between sensor and reference resistor can be chosen to fulfill the upper

relation and the range of sensor resistance.

V8§

Res. No DC

sensor SL300A
e

Figure 7: External resistive sensor with AC signal (EXT1[1:0] = 11)

The sensor resistance is calculated in the formula:

Vv
RSENS = RREF HE - 1%
F

EXT1 VRE

If default values for the AD reference voltages are used (Vzer=310mV, Vo1=0V), then the

equation can be simplified to:
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1024
Rgens [Q] = Rpgr EB* _IE

[JADcode [

Resistive bridge

Revision 1.02

A resistive bridge has to be connected to both sensor inputs (Figure 8). The 2 input voltages

are converted one after the other. In automatic logging both external sensors have to be

enabled. If the resistor bridge is also used with the cer sensor vaLue RFID command, this

command has to be sent twice — first for external sensor 1, second for external sensor 2. The

resistve bridge can be supplied from the EXC pin. The battery voltage is internally switched to

the EXC pin only for the duration of the measurement. All other time the EXC pin is in tri-state

and the bridge does not consume any current.

sensor

<a EXC

o VREF

EXT1

EXT2

V88§

Fixternal bridge
Stsoon.

Figure 8: Resistor bridge sensor (EXT1[1:0] =01, EXT2 =1)

The voltages on inputs EXT1 and EXT2 are calculated from:

Veer — Vol
Vixriexr2 = ADcode DREIFOT +Vier

The overall minimum voltage that can be measured on the external sensor inputs EXT1 and

EXT2 is 260mV, the maximum is 1.22V. Those values depend on the selected Vrer and Vol

reference voltages.

February 2011 © IDS Microchip AG
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6. External sensor input 2 (EXT2)

The external sensor 2 interface (EXT2 pin) can be used for measurements with linear
conductive sensors, optical sensors (diode and to measure the second point of a resistive

bridge (with the first point connected to the EXT1 pad).

Resistive sensor with linear conductance

The minimum and maximum resistance values that can be measured on the EXT2 input are:
Rsens-min=20.5kQ
Rsens-max= 2MQ

The Figure 9 shows the connection diagram for a resistive sensor with linear conductance (like

a pressure sensor). In this mode, the sensor is supplied with a constant voltage of 135mV.

a EXC
B VREF
B EXTI
Eﬂ EXT2
Pom— L

Tincar
conductance

Figure 9: External resistive sensor - linear conductance (EXT2 = 0)

SLI00A

The input voltage on the AD converter V5 is defined as:

rang <4:0>[R,
V., =135mV 3

, rang<4:0> is one-hot coded,
SENS

R=[185kQ, 400kQ, 875kQ, 1875kQ, 3875kQ]

v135mv is the constant sensor supply voltage. The code rang<4:0> selects the feedback
resistor value Ry of the input amplifier and is [185kQ, 400kQ, 875kQ, 1875kQ, 3875kQ]. Sensor

resistance is therefore:

rang <4:0>[R,
Rgpys =135mV [ v , voltage Vo is then converted to digital — 10 bit fine
AD

code.

Ranges are shown in table below:
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rang<4:0> R: [kQ] Comments

0 0 0 0 1 3875 TC of the gain depends only on TC of the
0 0 0 1 0 1875 external sensor. The tolerance of the
8 2 é 8 8 ?1(7)?) integrated resistors used in the feedback
1 0 0 0 0 185 loop is £17%

The Vap voltage is:

Vi — Vol
V,, = ADcode DRElFTMO Vo

The sensor resistance can be calculated from:

rang <4:0>([R,
Rgvs =135mV 3 vV —vol

ADcode —RE " +V
1024 REE

If default values for the AD reference voltages are used (Veser=310mV, V0o1=0V), then the

equation can be simplified to:

rang <4:0> (R,
ADcode [302.7107° +0.31

:

Ryns|Q] =0.135

s

Vad

O 135mv

Figure 10: EXT2 input for conductance measurement
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Optical sensor

The EXT2 pad can also be used for measurements with an optical sensor based on reverse

polarized diode current (Figure 11).

4 EXC
o VREF

o EXT1

EXT2
E VSS§

Oplo sensor, SL,QDM o

Figure 11: External optical sensor (EXT2 = 0)

The current input range in this mode is defined as:

= Ve ~135mV .- (2 Wy —Vol] -135mV
min R ) max R

f —max f —min

Rt.min= 185kQ, Rtmax = 3.875MQ

A
_|_
g
ZX — vVad

£ 135mV

Figure 12; EXT2 input for opto diode current measurment

The diode current can be calculated with:

V,, —135mV

-
P rang <4:0>[R,

» R=[185kQ, 400kQ, 875kQ, 1875kQ, 3875kQ]

If we exchange V.p with the AD converter equation we get:

Vs —Vol
ADcodei4 +Vier —135mV

7. = 102 ,
b=
rang <4:0>[R,
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If default values for the AD reference voltages are used (Veser=310mV, V0o1=0V), then the
equation can be simplified to:

_ ADcode [302.7 107 +0.175
rang <4:0>[R,

D

Voltage output sensor

A voltage source output sensor can be connected to the EXT2 pin. This can be used for
integrated sensors with an analogue output signal.

@ EXC

o VREF
a EXT1

(%JD:D N

VSss

Sensor -voltagg|
source SLO00A

Figure 13: External voltage source sensor (EXT2 = 1)

The voltage input range in this mode is the same as the AD converter voltage input range, as
defined on Page 7. The overall minimum voltage that can be measured on the external sensor
inputs EXT1 and EXT2 is 260mV, the maximum is 1.22V. Those values depend on the
selected Vrer and Vo1 reference voltages.
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Current source output sensors

The EXT1 interface can also be used for external current source output sensors (Figure 14).

<a EXC
o VREF
o EXT1

—a EXT2

@

Sensor -current
source SL900A

VSS

Figure 14: External current source sensor (EXT2 = 0)

The current input range in this mode is defined as:

= Ve ~135mV .- (2 Wy —Vol) -135mV
min R ) max R

f —max f —min

Rtmin= 185KQ, Rtmax = 3.875MQ

The sensor current can be calculated with:

_ V,p, —135mV
s rang <4:0>[R,

I » R=[185kQ, 400kQ, 875kQ, 1875kQ, 3875kQ)]

If we exchange V.p with the AD converter equation we get:

V. —Vol
ADcode ———— + V. —135mV
] = 1024 ,
s rang <4:0>[R,

If default values for the AD reference voltages are used (Vrer=310mV, Vo1=0V), then the

equation can be simplified to:

_ ADcode [302.7 107 +0.175

IS
rang <4:0>[R,
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7. External sensor interface settings

The external sensor interface is set up either with the SPI interface or with RFID custom
commands. The commands required for external sensor operation are: Ser LOG MODE, SET SFE

PARAMETERS, SET CALIBRATION DATA and INITIALIZE.

The ser Loc mobe command is used to setup various parameters required for the automatic
logging process. If external sensors are used in the logging process, they have to be enabled

with this command.

The set sre parRAMETERS COMMand is used to set up the SFE functionality. The SFE can be used
as an automatic range selection block, for sensors with a wide output range. It can also be
used as a fixed gain preamplifier for sensors with a low output range. In this case the user
application has to preset the range and enable the preset values. The preset range has to be

selected in case the internal limits are used with an external sensor.

The EXT1 interface gain is preset with the “seti [4:0]” field. The EXT2 gain is preset with the

“rang [4:0]" field. The preset values are enabled with the “Autorange Preset” flag.

The external sensor type “EXT1[1:0]” and “EXT2" can be set with the ser sFe PARAMETERS
command. This command is also used for selecting the sensor (“Verify Sensor ID”) that will be

used with the limits in out of limits logging mode.

The ser cauBraTion pATA cOommand is used to set up the supply switch for external sensors
(“sw_ext_en”) and to setup the interrupt voltage level for external sensors (“irlev[1:0]"). The
external sensors can be supplied with the battery voltage from the EXC pin only during the
conversion time. This will save power compared to a system where the sensor is supplied

directly from the battery. This is especially useful for a resistive bridge sensor.

The inmauize command is used to setup interrupt and timer logging modes in parallel (“IRQ +
timer enable” flag). This special logging mode can be used for regular interval-based sensor
sampling combined with the interrupt capability of the SFE.
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8. External sensor interrupt

The external sensor interface can be used for sampling short events on the EXT1 and EXT2
pins. This can be used for shock sensors, acceleration sensors and other pulse response

sensors. It is also useful for counting events on the external sensor pins.

The sensors are pre-driven with a small current of 125nA and are constantly observed with a
very low consumption comparator. The overall current consumption of the interrupt block is
0.5pA at room temperature. In case the sensor voltage exceeds the specified threshold
(“irlev[1:0]"), the SFE will generate and IRQ request. This will wake up the whole system and

the sensor data, together with the real time information, will be logged to the memory.

The interrupt mode is selected with the ser Loe mobe command with the “Logging Mode[2:0]”

field. The implemented IRQ modes are:

let E;_'t Bolt ;?%?,Ir: Description

1 0 1 IRQ, Interrupt triggered on the EXT1
EXT1 external sensor input

1 1 0 IRQ, Interrupt triggered on the EXT2
EXT2 external sensor input
IRQ, Interrupt triggered on the EXT1

1 1 1 | EXT1, and EXT2 external sensor
EXT2 input

Either of the 2 external sensor pads, or both of them, can be used for generating an interrupt.
This function can also be used for button-triggered measurements, as the user can select

which sensor will be logged during an interrupt event.

The interrupt level can be selected by the application with the ser caLiBraTION DATA COMmand
(“irlev[1:0]"). The setting is valid for EXT1 and EXT2:

Irlev [1:0] EXT1 EXT2 IRQ level -
Bit Bit capacitive — resistive - % of supply
1' 0' [pF] [MQ] voltage

0 0 > 500 <3 <25 %

0 1 > 160 <1 <8%

1 0 > 115 <4.2 <35%

1 1 > 290 <5.2 <43%

The IRQ threshold varies from chip to chip for a maximum of +25% from its nominal specified
value. The ratio between levels at different IRQ-level-CODE remains constant. The IRQ

voltage levels are supply ratiometric.
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Preliminary is product information in formative or design phase of development. Characteristic data and other specifications are design goals. IDS Microchip reserves the
right to change or discontinue such products without notice.

The information furnished here by IDS is believed to be correct and accurate as of the publication date. However, IDS shall not be liable to any third party for any
damages, including but no limited to personal injury, property damage, loss of profits, loss of use, interruption of business or indirect, special, incidental, or consequential
damages of any kind in connection with or arising out of the furnishing, performance, or use of the technical data. No obligation or liability to any third party shall arise or
flow out of IDS' rendering technical or other services.

Products sold by IDS Microchip are covered exclusively by the IDS standard warranty, patent indemnification, and other provisions appearing in IDS standard "Terms of
Sale". Testing and other quality control techniques are used to the extent IDS deems necessary to support this warranty. Except where mandated by government
requirements, testing of all parameters of each product is not necessarily performed. IDS makes no warranty (express, statutory, implied and/or by description), including
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without limitation any warranties of merchantability and/or fitness for a particular purpose, regarding the information set forth in the Materials pertaining to IDS products, or
regarding the freedom of any products described in the Materials from patent and/or other infringement.

IDS Microchip reserves the right to discontinue production and change specifications and prices, make corrections, modifications, enhancements, improvements and other
changes of its products and services at any time without notice. IDS Microchip’s products are intended for use in commercial applications. Applications requiring extended
temperature range, unusual environmental requirements, or high reliability applications, such as military, medical life-support or life-sustaining equipment, are specifically
not recommended without additional mutually agreed upon processing by IDS for such applications. IDS assumes no liability for application assistance or customer product
design. Customers are responsible for their products and applications using IDS components.

cool-Log™ is a registered trademark of IDS Microchip AG, Switzerland.
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