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Reading Smart Passive
Sensors

Overview

ON Semiconductor’s Smart Passive Sensors powered by
a Magnus®—S integrated circuit (IC) offer up to three unique
pieces of information to the reader: a Sensor Code, which is
an indicator of the impedance seen at its RF input, an
On-Chip RSSI Code, which indicates how much power the
sensor tag is receiving from the reader, and a Temperature
Code, which can be converted to an accurate reading of the
temperature at the die. This note describes the procedures for
reading these codes.

Determining the Sensor Tag Model Number

The Sensor, On—Chip RSSI, and Temperature Codes are
stored at three different word addresses in the sensor tag
memory, with the addresses depending on the Tag Model
Number of the Magnus—S IC being used. If the Tag Model
Number is not known in advance, it can be determined by
reading word 1y (hexadecimal) in the TID memory bank
(bank 2p,) using a standard Class—1 Generation—2 UHF Read
command.

Table 1. LOCATION OF SENSOR CODE VALUE
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The Tag Model Number will be four hexadecimal digits
(all words in the sensor tag memory are two bytes wide).
The three most significant digits determine the addresses of
the sensor data. For example, if 402E; is retrieved,
the sensor data can be found in the tables below on the row
with 402y, in the left column.

Reading the Sensor Code

The Sensor Code can be read from a tag using a standard
Class-1 Generation—-2 UHF Read command. The memory
location depends on the Tag Model Number as described
above and is given in Table 1.

Tag Model Number Starts with Memory Bank Word Address
401y, USER (Bank 3, By,
402y, RESERVED (Bank 0y,) Bh
403y, RESERVED (Bank 0y,) Ch

The Sensor Code is a 5- or 9-bit value, depending on the
Tag Model Number. The remaining bits in the word are zero
(Table 2).

Table 2. NUMBER OF BITS USED IN SENSOR CODE

Tag Model Number Starts with

Number of Bits Used in Sensor Code

401, 402y,

5

403p

9

Reading the On-Chip RSSI Code
The On—-Chip RSSI Code is a 5-bit value (decimal range
from 0 to 31) indicating the amount of power the sensor tag
is receiving. Larger numbers indicate higher received power
levels. The On—Chip RSSI Code can be read with a two-step
process:
1. Send a standard Class—1 Generation—-2 UHF Select
command to alert all sensor tags with an On—Chip
RSSI code greater than, or less than/equal to
a specified threshold
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2. Send a standard Class—1 Generation-2 UHF Read
command to retrieve the specific On—Chip RSSI
Code for a particular sensor tag which satisfies
the power threshold criterion.

Because of this process, it is possible to filter sensor tags
according to the power they are receiving, silencing those
tags with power above or below a particular threshold for the
remainder of the inventory round. It is possible to have
sensor tags respond regardless of their received power,
which will be described later in an example.
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The On—Chip RSSI Code is generated once the sensor tag
receives a Select command with the parameters as described
in Table 3. The value is stored in sensor tag volatile memory
regardless of whether it is above or below the threshold, and

Table 3. ON-CHIP RSSI SELECT COMMAND PARAMETERS

remains until the reader signal turns off. But to respond to the
subsequent Read command, the Mask parameter (Table 4)
must agree with the On—Chip RSSI Code value.

Tag Model Number Starts with Memory Bank

Pointer Bit Address

Mask Length Mask (Table 4)

401y, 402;, USER (Bank 3p,) A0}, 8 M[7:0]
403 USER (Bank 3y,) DOy, 8h M[7:0]
Table 4. BIT MASK FOR ON-CHIP RSSI SELECT COMMAND
Mask Bit M7 M6 M5 M4 | M3 ‘ M2 | M1 | Mo
Bit Value 0 0 0: Match if Code is < Threshold 5-bit Threshold

1: Match if Code is > Threshold

Most Significant Bit First

For example, to guarantee that the mask will match the
sensor tag, regardless of its received power, mask bit 5 can
be set to 0 and the threshold set to the maximum value of
11111, resulting in an 8-bit mask of 00011111 (1Fy). If the

Table 5. LOCATION OF ON-CHIP RSSI CODE VALUE

sensor tag satisfies the Select, the On—Chip RSSI can be
retrieved with a Read command with the address given in
Table 5. The Code is in the least-significant 5 bits of the
word; the other bits in the word will be zero.

Tag Model Number Starts with Memory Bank Word Address
401 USER (Bank 3y) %
402y, 403, RESERVED (Bank 0p) Dy,

Reading the Temperature Code

Magnus—S3 ICs are available with a precise temperature
sensor. The sensor generates a Temperature Code which can
be translated to a value in degrees. This feature is only
available on Magnus—S ICs with a Tag Model Number
starting with 403,.

As with the On-Chip RSSI Code, reading the
Temperature Code is a two-step process requiring standard
UHF Select and Read commands.

1. Send a standard Class—1 Generation—2 UHF Select
command with the parameters described in Table 6
to initialize the temperature sensor and calculate
a Temperature Code.

2. Send a standard Class—1 Generation-2 UHF Read
command to retrieve the Temperature Code from
the sensor tag memory at the location given in
Table 7.

Table 6. TEMPERATURE CODE SELECT COMMAND PARAMETERS

Tag Model Number Starts with Memory Bank

Pointer Bit Address

Mask Length Mask

403y, USER (Bank 3p)

EOy On Empty

After the sensor tag has received the Select command, the
Temperature Code will be available for reading in the
memory location given in Table 7 below. The Temperature

Table 7. LOCATION OF TEMPERATURE CODE VALUE

Code occupies the least-significant 12 bits of the word; the
other bits are 0.

Tag Model Number Starts with

Memory Bank

Word Address

403y, RESERVED (Bank 0y,) En

Achieving an accurate Temperature Code requires the
Select command to be followed by 2 ms of continuous wave
before the reader issues any further commands. This pause

gives the temperature sensor circuit time to run. The reader
must not power down at any time between the Select and
Read commands.
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Calibrated Temperature Measurements

The Temperature Code can be converted to a precise
temperature measurement by scaling it according to
calibration data that are unique for each sensor tag.
Temperature-enabled Magnus-S3 ICs come with
calibration data pre-loaded in the last four words of the User

memory bank (words 8, 9, Ay, and By,). These four words
— 64 bits — are organized into six data fields which describe
a 2-point linear calibration. The fields are summarized in
Table 8, and their locations in memory are mapped in
Table 9, where it can be seen that the fields cross word
boundaries.

Table 8. ORGANIZATION OF TEMPERATURE CALIBRATION DATA

Starting Bit
Field Name Number (MSB) Number of Bits Description
CRC 80y 16 CRC-16 Applied to the Remaining 48 Calibration Data Bits
CODE1 90y 12 Temperature Code Measured at the First Calibration Temperature
TEMP1 9Cy 11 (First Calibration Temperature ni Decimal Degrees C) x 10 + 800
CODE2 A7y, 12 Temperature Code at the Second Calibration Temperature
TEMP2 B3y 11 (Second Calibration Temperature ni Decimal Degrees C) x 10 + 800
VER BE} 2 Calibration Format Version Number (Set to 0p)

Table 9. LOCATION OF TEMPERATURE CALIBRATION DATA IN USER BANK

Word
Address Label Bit Description
Bit Address (Hex) | 80 | 81 | 82 | 83 | 84 ‘ 85 | 86 | 87 | 88 | 89 | 8A | 8B |8c |8D ‘ 8E | 8F
& Filed Description CRC[15:0]
. Bit Address (Hex) 90|91 |92|93|94‘95|96|97|98|99|9A|98 9C|9D‘9E|9F
n Filed Description CODE1[11:0] TEMP1[10:7]
Bit Address (Hex) | A0 | Al | A2 | A3 | A4 ‘ A5 | A6 | A7 | A8 | A9 |AA |AB AC |AD ‘AE |AF
A Filed Description TEMP1[6:0] CODEZ2[11:3]
Bit Address (Hex) | BO | B1 | B2 | B3 | B4 ‘ B5 | B6 | B7 | B8 | B9 | BA | BB | BC | BD | BE | BF
B Filed Description | CODEZ2[2:0] TEMP2[10:0] VER([1:0]

The CODE1 and TEMP1 fields describe the Temperature
Code and actual temperature measured at the first
calibration point. The CODE2 and TEMP?2 fields describe
the Temperature Code and temperature at the second point.
The two points specify the linear response of the
temperature sensor and are used to calculate a calibrated
temperature at all other measured Temperature Codes.

The VER field stores a 2-bit version code and is set to O,.
The CRC field contains a 16-bit CRC computed over the
other 48 bits in the calibration data and follows the same
specification as the CRC-16 defined in the EPC™
Generation—2 UHF RFID Specification, Annex F.2.

The TEMP1 and TEMP2 fields are 11-bit unsigned
integers. They can be converted into temperatures in degrees
Celsius by applying the following formula below to the
TEMP1 or TEMP?2 fields, expressed in decimal.

TEMPx — 800

0 (eq. 1)

Calibration Temperature in°C =

To convert an arbitrary Temperature Code C into
a calibrated value in degrees Celsius, apply the formula
below, where all values are in decimal.

Temperature in °C

-1
10

[

TEMP2 — TEMP1

CODE2 - CODE1

-(C - CODE1)) + TEMP1 — soo]
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Temperature Measurement Example calibration information is valid. Example C# code for
Suppose words 8, 9, Ap, and By, in the User memory generating the CRC word is given in the Sample Code

bank are read to be BD9F,, 88A7,, E147y, and 7900y, section of this document.

respectively. Although it is optional, it is a good idea to When the remaining three words are unpacked, it is seen

verify that the CRC word agrees with the data. When that CODE1 = 88Ay;, TEMP1 = 3F0;,, CODE2 = A3By,
88ATE1477900y is given to the CRC-16 algorithm, TEMP?2 = 640y, and VER=0;, (Figure 1). In decimal, these
the CRC result that is generated is BD9Fy,. This agrees with values are CODE1 = 2186, TEMP1 = 1008, CODE2 = 2619,
the CRC word stored in the calibration data, so the TEMP2 = 1600, and VER = 0.

88A7, E147, 7900,
. A - A . A .
19091996191@{9111 11100001101000111 91111991099996’466
CODE1 TEMP1 CODE2 TEMP2 VER
88A, 3F0,, A3B, 640, O,
Figure 1. Unpacking Calibration Words into Fields
Suppose a temperature measurement is made and the along with the other relevant calibration field values is
Temperature Code reported is 2315 in decimal. This value, plugged into the formula above to find the temperature.
Temperature in °C = 1. [(M - (2315 — 2186)) + 1008 — 800] = 38.44°C (eq. 3)
10 2619 — 2186
It is also possible to determine the temperature at which 1008 — 800
. . . . . . ———— = 20.8C (eq. 4)
the first calibration point was taken by simply subtracting 10

800 from the decimal TEMP1 value and dividing by 10:

www.onsemi.com
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Sample Code
The sample C# code below illustrates how to read the Sensor and On—Chip RSSI Code using ThingMagic RFID readers and
the ThingMagic Mercury API.

wying System;
dsing Systes,Collectlons.Generdcy
using System.bingg
using System, Tewt;
wsing ThingMagic;
namespace ThingMagicSample
i
class Frogras

statlc wedd Maln(string{] args)
i

/{ Connect to the reader and adjust its settings

Hegder m o= fesder.Create( "o S FACOME™ ) I Create Aeader cbject

roConnect(); Jf Connect to the resder on emuleted serial port COMS
r-Paraaset( "/ reader /raglon/ld", Resder Reglon MAYS £F Set the regulatory cegion to Morth Aserlcas
r.ParanSet( "/ reader/radio/ resdPower™ , 2888 ff Set the resder power to 28 dis

{1 Read the Sensor Code suss

fi DeTine & tag read operation whilch resdd Trom & PEEHUE-525

/4 Senaor Code ls dn the BESERVED bank, in sssory loeostion mex 8

Taglp sensorCodefend = new Genl.ResdlatsfGen2.Sank . RESERVED, 8BxB, 1);

{4 Define & read plam for sntenna 1 using Gend protocol which-uses our Sensor Code resd operstion

Sdmplefead®lan readPlan = frew Sisplefesdflen[pew DAt[] { 1 §, TegProtoiol.GEWR, full, sensorlodefiead, true, 10@);

r.ParanSet( "/ reader /read/plan”, resdPlan); /f Lead the rsad plan we've defined [nto the reader
TagRzadiataf] sensorBeadResults = roRead{75); #f Read for 75 ms, then stop

forench {Tagh=sdbats result in sensorReadAesults) #F toop throwgh =1l togs found snd prist the EPC,

i #f frequency, and Semzor Code for each

string EPC = Byteformet, Tolex{result.Epc, =", "");

string frequancy = result, Frequency . Tostringl);

string sensorCode = EyteFormat.ToHex{result.Data, %, ")

Cemsole Writelins("EPC: ™ + EPC + ™ Frequency {kMz}i © + frequency + ° Sensor Code! ™ 4+ semsorCode);

i

/4 Bead the Dn-Thip RSSI Code
id Detine & Select command which applics to & Maghus-52;

#4 e wsnt s}l tags to resposd, regardless of theles ODn-Chip RSST Code walos,

{¢ 20 our select mask should be & hes valu= of 1P

byte[] wask = { Comvert. Tolybe{™1F", 16) };

£ Select USER semory bank and polnter valee BEU sddress of hex A8,

Gan2.Salect selact = mow Sand.Select(false, Send Bank USER, Bmad, §, mask)y

#4 The On-Chip RSSI Code is stored in the RESERVED bank, word location hew O

Toglp onChipAS5IRend = new Gend SeadOata(tenl.Bank.AESERVED, &, 1);

fd Define & resd plan which yses our Select command and On-Chip RSSI Code resd operstion

raedPlan = aew SleoleSand? laninew tnkl] [ 1 }, TegProtoco)l GEM2, salsct, enChipRSSIResd, trus, 18@);

riParamSet(*/reader/read/plan”, readPlan) | #f Load the resd plan iwe’'ve defined into the reader
TegReadlote[] onChipRSSIRecadResults = r.Read({75)} #} Bead for 75 ms; then stop

foreach (Tagiesdiata result in onChipRSSIA=sdAesults) ¢! Loop through all tegs fournd and print the EPC,

{ £ Tragaeney, mnd On-Chip RSST Code far sach

string EPL = Byteformat, Tohex{result.Epc, =%, "}
string frequency = result.Frequency.ToStringd);
string onChipRS5ICode = Byteformet, ToHex{result.Dote, *%, ")
Compole.Writeline("EPL: ® + EPC 4 " Frequency (kHr): ™ + freguency + " @n-Chip BS51: ® 4 onlhipRSSTiode);
1
E/
{{ Example program ootput:
£ EPC: Bl eaaaasnaoaipel 1M Frequency [(kHe)i 333058 Tensor (ode: BGAA

£ EPC: - BT 1234 Freg y (WHz) @13258 On-Chip WSST: @al4

www.onsemi.com
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The sample C# code below illustrates how to read the Sensor Code using an Impinj Speedway reader and the Octane API.

uslng Systamy

using System.Collections.Gerericy
uairg Systes,Ling;

using Systbem. Text)

wairg Impinj.0ctaneSdk;

name=pace OctansSarple

class Program

i
static [npinjReader resder = naw IvpinjResdsr{d; #F Creste a new Aesder chject
static wold Madn{string[] args)
i
reader.Connect | *172.16.1.17 ") f§ Conmect to the reader
reader, Taglplonplete += (nTaeiplomplete; Ff Aasign an event handler which runs when & ter is resd
reader. Deletedl W0pSequences ] f§ Reset the reader
Settings settings = resder, QueryDefaultSetting=({d; £ Get the default =settimgs
settings . Antennas . GetAatennal 1) . TaPowerTnDbe = 28; fF Set antenna 1 to an cutput power to 28 dBe
Topfendlp resdSensoriodelp = new Taplesdipd); £ Define o resd cperation for & Maprws-51 chip
readSensorCodedp. MesoryBank = MemoryBan. Reserved ) ff Sensor Code is @n the Reserwed Bank. ..
readtensoCodelp. WordPodnter = Budl; S8 st word pddress hex B
readSensorCodedp. WordCount = 13
settings . Report.OptinizedResdips . add{resdsensorCodep) ; /' Load the resd operetion to the settings object
sattings.Report.IncludeChanrel = truaj fF REquest channal Traquency information
settings . Report.Mode = Reportiode.BatchafterStopg
raader. ApplySattings [setriags) s FF Load tha seteinge into tha meadar
reader., Start] | #f Read for 2 secomds, then stop
Syntam. Threading. Thresd . S leap | 206E) ;
reader.Stop jp
reader, lisconnect(};
H
4F Thiz ic the euvent handler which printe the resulte to the concole window whem the reader reads a tag.
static wold OnTagOpCompletel Inpinjfesder resder, TaglpRzport report)
i
foreach (TagipResult result in report)
if {result §s TagReadopResult)
i TagRaadOpRasult reddResult = reault & TaghkeadOp@ecults
string =PC = readResult. Tsg. Epc. ToString] ) ;
string Frequemcy = readecult.Tag. CharmellnMhz  ToStrdngd);
string sensorCode = readResult.Deta.ToString())
Comzole Mriteline ("EPC: ™ 4 EPC 4 " Frequersy (MHz)s ™ 4 fregueency 4 " Sensor Code; ™ 4+ senzor(ode);
I
¥
H
H

I

fi twsmple progrss cutput:

[iOEDC: BOIC BOGE BE0G G20 GBBQ 1234 Froquancy (MH2): 024,25 Loecor Coda: G886
/¢ EPC1 BRZ{ DEOO OGO BEER BBER 1234 Frequency {(MHz]1 917.25 Semsor Coder @887
¢ PG IR0 BOGR GO0 OROG OPEY 234 Froousmey (MHEY 98923 Fmeor Codei 9000

www.onsemi.com
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The sample C# code below illustrates how to calculate a CRC-16 word according to the EPC Generation—-2 UHF RFID
Specification.

using System;

using Systes.Collsctiong, Generle)
using Systes. Limg;

using Systes. Text;

uiing Systes.Collections;
namenpace CRC 16 Exsmple

L]

class

1

static string CRCI6{string dataHexString)
I
{

int numlytes = datalexString.length [/ 35
byte[] datalytedrray = npew byte[numBytes];
for {(int b = 8; b < numiytes; bt)

[ twn hex d in the stri
detalytedrroy[mnunBytes - 1 - b] = wiert. Talyte [dotalexString. Substring{2 * b, 2), 16);

itarray data = new Bitdrroy({detaBytedrray);

itarrmy CRC = mew Bitareay(16)1

CAC.Setall{true);

for (int j = dota.iength - 1; 4 »= 8] §--}

{

bool newBit = CRC[1S] = data[{];
Tor (int & = 15 1 = I; 1--}

1
if (1 == 12 || 4 == 5)
{
CRC[4]) = CAC[L - 1] * mewSlt;
wliw

{

cRC[4] = cAc[i - 17;

CRC[B] = mewBit;

i
CAC.Nok( )}

byte[] CRCbytes = new byte[2];

CRC. CopyTa[CRChytes, B); rvert the CRC Bltarrey back To A Byie arcay
string CRfword = t. ToString{CRCbytes[1], 18) + t.ToString{CRChytes[8], 18);
FEburh CRCword;

static wold ."'Ir.ln:i'.-'.-lg':] args )

string data = "BEATEL477900" ;
string CRC = CAC1S({data);
Writeline{CRLC);

le demonstrates calcowl

i, and Bx8 are GwBBAT,
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