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TMS37157

PaLFI — Passive Low Frequency Interface Device

EEPROM
Basic Parts of co:ﬂr;e&t‘%% to | ™ “Atimeter/ |
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TM337157 | Pressure |
L _Senﬂjrs ]
PaLFIl (TMS37157) I f
) > MSP430
L Cr HDX EPROM <_Wake Up—> (Temp Sensor Built in)
_‘,‘ Transponder
i=Power mode=p»
——C Vfc
—_c. T
+
\ \ BAT —— =
Transponder
connected to = =
EEPROM

TMS37157 (RFID Tag IC with user memory and SPI interface to Microcontroller)
Inductor (pickup coil for TMS37157)
MSP430F2274 (or another suitable MSP430 with similar inputs (analog or digital) for desired sensors)
Sensor Measurement suggestions for applications :
*Altitude, 3-Axis accelerometer, Pressure, etc.

sTemperature (onboard MSP430)
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TMS37157

PaLFl — Passive Low Frequency Interface Device

[ Key Features

Battery-less accessible memory
Battery charge function (VL, Vanadium Pentoxide)

Ultra low power

Microcontroller powered by LF field i !
- - . E Digital or Analog E
Multi purpose LF interface to a microcontroller ! Sensor :
Stand alone LF-transponder with memory i v !
i MSP430 ——
i i ENERGY E i
. | TMS3705 E ; TMS37157 :
i | LF Base Stati i LFDATA | LF Transponder [ 1 |
E 13?:3 iz = < > with EEPROM L
o |§§§§_5_t§li9[‘_i E I Sensor Syzt;m i

1§ TEXAS

INSTRUMENTS




TMS37157

Benefits / Features

Features

Battery check and charge function

(VL, Vanadium Pentoxide)

3-Wire SPI interface

Integrated passive LF interface

Ultra low power: 50nA standby, 70pA active
Half duplex LF communication at 134kHz
8kbit/s uplink data rate

121 Bytes user EEPROM

32 Bit unique serial number

Supply voltage range: 2 — 3.6V

Applications

Semi-active transponder
Ultra low power data logger memory
Wireless, battery-less sensor interface

Configuration interface (PLC, CD/DVD Player)

Stand alone LF-transponder with memory

LF Benefits

r

L

Highest noise immunity due to HDX
communication

50% higher read range compared to
FDX systems

Ultra reliable EEPROM

HUC access via LF interface

TMS37157 EEPROM | =

GEN.
T T A A

ROM ENCR

L [ e |
| INTF. |

CLHAM

CONTROL
[woLT ] | umIT
REG.
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TMS37157

PaLFI — Passive Low Frequency Interface Device

eZ430-PaLFI Target Board

~L]

eZ430-TMS37157 €Z430 Emulator Stick

Development Kit Includes:
e eZ430 Emulator Stick

* eZ430 Battery Board

e eZ430-PaLFI Target Board

 USB RFID Reader with Antenna

« USB cable

 Power Supply Cable (for onboard
Amp Circuit)
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TMS37157

PaLFI — Passive Low Frequency Interface Device

Collateral

« Data Sheet and Manual for PaLFI and MSP430F2274

 Application Reports and example source code in C
for all transponder functions

* SPllibrary for using the TMS37157 with an MSP430

 Reader/writer base station protocol description

« Recommended application circuit for PaLFI with RF

guideline

Click page for TMS37157 Data Sheet =

Wip Texas
INSTRUMENTS
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TMS3T157

ZWRZ083A - SEFTEMBER 005— REVISED NOVEMBES 2005

PASSIVE LOW FREQUENCY INTERFACE DEVICE WITH EEPROM
AND 134.2 kHz TRANSPONDER INTERFACE

Chack for Samples: TMS37157

FEATURES
+  Wide Supply Voltage Range 2 V to 3.6 V
* Ultra Low Power Consumption
— Active Mode Max. 150 pyA
— Power Down Mode &0 nA
* 121 Free Bytes User Memory
* Low Frequency Halb Duplex (HDX) Interface
— HDX Transponder Communication
ing i Per and
Highest Noise Immunity
- Special Selective Addressing Mode Allows
Anti Collision
— Up to 8 kbit's LF Uplink Data Rate
— 126 Byte EEPROM:
— 121 Bytes Free Available EEPROM User
Memory
— 32 Bit Unigue Serial Number
— B Bit Selective Address
— High EEFROM Flexibility
— Pages are Irreversible Lockable and
Protectable
— Battery Check and Battery Charge Function
- Resonance Frequency: 134.2 kHz
- Integrated R Freq y Trimming
— Downlink — Amplitude Shift Keying
- Uplink — Frequency Shift Keying
* 3 Wire 5P Interface for Accessing the
EEPROM and Exchanging Data With the
Microcontroller Through the LF Interface
+  0.6mm Pitch, 4mm x 4mm VQFN Package

A

PPLICATIONS

Wireless Batteryless Sensor Interface using

Energy Harvesting

— Microcontroller and Sensor can be
Powered Through the LF Link

— Data is Directly Transmitted Over the LF
Link From the Base Station via the
TMS3T7157 to the Micrcontroller and Vice
Versa.

Batteryless Configuration Memory

— Memory can be Written Without Battery
Support

— Microcontroller can Read the Content of the
Memory When it Gets Connected to a
Battery and Use It for Configuration

- Microcontroller can Write the Memory,
Which can be Read Qut Later Through the
LF Link

Ultra Low Power Data Logger Memory (Smart

Metering)

- Memory Can Be Written By a
Microcontroller

— Memory Can Be Read Through LF Interface
Without Battery Support

Multi Purpose LF Interface to a Microcontroller

— Short Range RF Interface to a

i Where Other F

are Not an Option

— Ultra Low Power Mode can Result in an
Overall Power Consumption of 60 nA

Remote Control Application

— Combination With an UHF Transmitter or IR
Transmitter and a pC

— Power Management of the TMS537157 can
Power Down the Microcontroller

— The Push Button Detection Circuit can
Fower Up a Microcontroller

Stand Alone LF-Transpoender with Memory

- RFID Transponder with Unique ID and 121
Bytes Free Programmable EEFROM User
Memory

— Only Few Additional Components Needed

— Mo Battery Required

2 Please be awars that an Important notice conceming avallabiity, standard waranty, and use In citical applications of Texas
Instruments semicanductor products and disciamers thereto appears at he and of tis dats shest

Copyright € 2008, Teras Insruments Incomarted
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TMS37157

PaLFl — Passive Low Frequency Interface Device

Highlighted Special Features

MSP ACCESS: BATTERY CHARGE:

* Reader sends a “MSP Access Command”  Reader sends a “Battery Charge Command”
together with 6 byte of data to the TMS37157 and leaves the carrier on

e TMS37157 detects MSP Access command and « TMS37157 applies a voltage of about 3.4V to
wakes up uC by setting VBATI and BUSY VBAT -> battery or a capacitor are charged

 uC can detect an MSP access command
through VBATI or BUSY signal, request the 6
byte of data from the TMS37157, process it
and send 6 bytes to the TMS37157

« TMS37157 transmits the received 6 Bytes of
data back via the LF interface

e The carrier has to remain on during the
complete process
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MS37157 PaLFl System
Technical Training Agenda

e Hardware
— TMS37157 (PaLFlI IC)
— ez430-TMS37157 (PaLFI + MSP430 Target Board)
— TMS3705A1DRG4 (LF Reader/Writer IC)
— RI-ACC-ADR2 (Base Station or Reader/Writer)

« Command/Protocol Detalls
— PC to/from GUI level
— Hardware level (MSP430 to/from TMS3705A1DRG4)
— Firmware Considerations
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TMS37157

PaLFI — Passive Low Frequency Interface Device

TMS37157
Internal Block Diagram

LR —)
CRJ_

CL

RVCL

CRC
TMS37157 EEFROM| | ROM GEN.
b
RE y v
TRP | -
INTF. [* " CLAM 4
CHARGE VBATI —":‘[ SIMD
REG [ CONTROL g ol
VOLT. | | UNIT 'r _ | sPLolK
VCL REG. veeh S J 1 BUSY
GND _
SWE
L, — CLEAR VBATION
S Q CL
| S JT’L
1 VBAT I'/%:.’ —
I oy WP § BATBATI
VBAT T T pusH Lvear
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TMS37157

PaLFl — Passive Low Frequency Interface Device

TMS37157

User Memory Map ]

SELECT. ADDRESS

USER DATA

UNIQUE IDENTIFICATION

USER DATA

USER DATA

USER DATA

USER DATA

USER DATA

USER DATA

USER DATA

USER DATA

MSB LSB
5 eq
O| PASSWORD PAGE 1
ko
& DATA PAGE 2
—
= SERIAL MANUF.
(]
o MUMBER CODE PAGE 3
"
8 DATA PAGE 8
o
o
= DATA PAGE 9
1
o
2 DATA PAGE 10
[
"
= DATA PAGE 11
1
"
= DATA PAGE 12
1
"
= DATA, PAGE 13
o
o
= DATA PAGE 14
o
"
8 DATA PAGE 15
o

I
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TMS37157

PaLFl — Passive Low Frequency Interface Device

TMS37157
User Memory Map (cont.)

USER DATA

USER DATA

USER DATA

USER DATA

USER DATA

USER DATA

USER DATA

USER DATA

USER DATA

USER DATA

USER DATA

USER DATA

USER DATA

USER DATA

USER DATA

USER DATA

1

MSB

24

40

LOCK

DATA

LOCK

DATA

LOCK

DaTA

LOCK

LOCK

DATA

DATA

LOCK

LATA

LOCK

DATA

LOCK

LaTA

LOCK

DATA

LOCK

DATA

LOCK

DATA

LOCK

DATA

LOCK

LOCK

LaTA

DATA

LOCK

DATA

LOCK

DATA

LsB

PAGE 40

PAGE 41

PAGE 42

PAGE 43

PAGE 44

PAGE 45

PAGE 46

PAGE 47

PAGE 48

PAGE 48

PAGE 50

PAGE 51

PAGE 52

PAGE 53

PAGE 54

PAGE 55

I3 TEXAS
INSTRUMENTS




TMS37157

PaLFl — Passive Low Frequency Interface Device

2.66mH Inductor
ez430-TMS37157 Target Board
(1D Device) TMS37157 (PaLFI Antenna Coil)

MSP430F2274
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TMS3705A1DRGA4

Low Frequency Base Station/Reader IC

 Key Features

16 Pin SOIC Package

5V device

Automatic sleep mode (TXCT idle for 100 ms)

Transponder resonance frequency measurement

Internal Full Bridge antenna driver

Digital demodulator

Diagnosis function

Several operating modes
» self adapting or fixed frequency charge-up
» automatic or fixed demodulator threshold
» asynchronous or synchronous data to pP

Reduced additional component count

PLL for internal clock generation

2/4 MHz crystal or low cost ceramic resonator can be
used
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TMS3705A1DRG4

Low Frequency Base Station/Reader IC

TMS3705A1DRG4
Internal Block Diagram

VDD
— Digital e ri%ger
Limiter Diagnosis Demodulator g
A_TST ¢ ” Tag Resonant - l: sCIo
Band Pass < Freq. Measurement
10k
Ay
A i
[} Power-
SFB Y ? < on reset
RFAmplifigr Control Logic
_+Vref with Mode Control <—@<7 > TXCT
SENSE Register
i 0D TST
Full Bridge II
VDDA / ) PLL [ F SEL
< < Controlled
ANT1 bre. 4
ANT2 O—] . drivers | Frequency Divider . 5 0sC2
VSSA I—<§ [‘]
¢ OSC1
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TMS37157

PaLFl — Passive Low Frequency Interface Device

TMS3705A1DRG4
Application Circuit
(Base Station/Reader)

— RI9 MM
G00_2
Wy
500 0 CSN_CCi101 . "N\J
R34 MM
R30 1 - +5
R33 R32 R31  OOhm 2| EMBAENER T r'-"-""—_”
=0 330 330 ,—3—4 GHMD  voo |2 2 » Ay ity
NE  OQUTE
+ Ci8 R3S
= ZA c17 22uF 16Y  COOhm
LEDE LEDS LED4 UCCZT4240  R2T 100nF
LTST-CI0CKT [y LTST-C170CKT 3 LTSTC1rockT 47R 4 TR
RE = = =
1k RZ6 N.M
A 18 yxeT SENSE [ A
#5W 15 - -
F_SEL SEB AWy Ay
Ay 14 | 5oip p_7sT & o R1 47k
Eﬂ = fl?F [ e a_TST [ A3 MM " "|“' X
; — 2 yss ANTY 2 AN -
- 1 | ne vees LB D02 Ra
|_¢ i VESA R4 MM MMSZ4821T1 15k
El—m— D502 ANT 2 L Ay 1 S
5y 2 : 2 25y ci B
a2 = VED VDDA ! ! 33nFS0VNPO  Vogt Antenna
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e7 TMS3TOSAIDRG4  CE £e = = o3
100nF 100nF | 20UF 18V MMSZ4891T1
) . c2 . ca )
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TMS37157

PaLFl — Passive Low Frequency Interface Device

e Technical Training Module:

— Base Station and PaLFI communication basics
» Pulse Position Modulation format details
» PaLFI response format details
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TRA

Base Station/PalLFI
Communication Basics

ez430-TMS37157 Base Station currently uses Pulse Position Modulation (PPM)
scheme to interface over the air with the ez430-TMS37157 target board. (Downlink)

NSPONDER TIMING USING PPM

PARAMETER | MIN TYP MAX| UNIT

PPM - Pulse Position Modulation

tofitp Write pulse pause I[F'F’M:lmI 170 us
tontrpl Write pulse activation/ low bit (PPM)(" 230 ps
tontrpH Write pulse activation/ high bit (PPM)(") 350 ps
tittrpl Write low bit period " 400 us
tpittpH Write high bit period ") 2} (3) 510 520 1730 s

The transponder will respond back over the air using FSK, with the demodulated and
digitized response indicated here using the relationship of the signals between the
TXCT and SCIO pins.

In the response string, it should be noted that the bytes are handled a certain way in
order to interpret them.

For example, they come in LSB first and need to have one’s complement performed on
them in order to translate them correctly.

I3 TEXAS
INSTRUMENTS




Base Station
Communication Basics

(PPM Low and High Bits)

e Blue trace is TXCT line on the TMS3705A1DRG4
* Green trace is the actual Low Frequency field generated by the reader IC being amplitude modulated

Low Bit High Bit

File Edit Wertical Horizjacq Trig Display Cursors  Measure  Masks  Math  MyScope  Utlities  Help File Edit Wertical Horizfacg Trig Display Cursors Measure Masks  Math MyScope Utlities  Help
Tek  Preview Single Seq 1 hogs 17 Mar 10 14:43:07 @ Tek  Preview Single Seq 1 fcigs 17 Mar 10 14:44:08 @
et TSRS T T T T kRt TERS T T T T T T b orshdoksisT T tddpsgt T 7T T pr1t TSRS T T T T ERT I ERY T T T T T Wb OrshdoksisT T Hddspt T 7T T
Eh3 e . . . + 4 Chl o~o-2.5Y - . B Eh3 100k . . 4 Chl o~ 254 . . B
r : : : : T : : - : b Curs1 Pos r : : : : : b Curs1 Pos
LTt :_.L : : : X : : : : ] Curs2 Pos ] Curs2 Pos
m ] t1:  54.25ms ] t1:  5551ms
. i 12 54 E5ms i 12 SEO3ms
- At 404 0ps At 524 0ps
EE P 2.475kHz EI P 1.908kHz

Jiw i

T

1
| |
| |
| |
| |
| |
I |
[ [

L Ll
Zoom 1 Chl—
0.0y SO0ps

P | O O 1 P | I |
Zoorn 1 Ch3 —
S0.0rmY  S00ps

1P | Y L PO L
Zoorm 1 Chl — Zoorn 1 ChZ —
10.0% S00ps 0.0v SO0ps

P AN | P Y | Y | |
Zoorm 1 Ch3 —
S0.0mY  S00ps

il
Chz —
S00ps

i
Zoorm 1
0.0y
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PaLF1I Communication Basics
(Demodulated and Digitized PaLFI Response Low and High Bits)

Logic 1 = TXCT going high while SCIO line high
Logic 0 = TXCT going high while SCIO line low
Example Ox5A byte below shows LSB first bit string of 10100101,. When rotated (to become MSB
first) it becomes 10100101,, then one’s complement is performed on the binary string, yielding
010110102 or 0X5A16' Tek  Preview Single Seq 0 Acys 19 Mar 10 11:37:12 |
='ﬁﬁﬁﬁv.ﬁ.|_____._ _.“‘:i

F CARRIER i
Zootm 1 Chl — Zoorm 1 Chz — Zoom 1 Chd —
0.0 400ps ooy 400ps 100y 400ps
-
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TMS37157

PaLFl — Passive Low Frequency Interface Device

e Technical Training Module:

— General Read of Page 3 (Command 0x0C)

 Reading Page 3 returns pages 1, 2 and 3, which are the tag 8
bit Password/Selective Address, 8 bit User ID, 8 bit
Manufacturing ID and Unique 24 Bit Serial Number Fields.

« Aread either of the Pages 1 or 2 will also result in these data
fields being returned but with different CRCs and BCCs
because the Page Requests are different.
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TMS37157

PaLFl — Passive Low Frequency Interface Device

In order to send commands to the TMS37157 LF interface, the user sends a Write Address byte comprising a
2-bit Command field and a 6-bit Page field. The Command field, which is transmitted first, determines the
function to be executed and whether the command comprises additional data bytes that must also be sent.
The Page field specifies the target of the command. The table below shows which additional data bytes must
be included with each command type. The elements for each command are sent from left to the right of this

table.

WRITE ADDRESS SELECTIVE
FUNCTION WRITE DATA FRAME BCC
COMMAND FIELD PAGE FIELD ADDRESS
MSB LSB

General read page, battery 00 X
check
Selective read page 11 X X X
Program page; MSP access 01 X xM X
Selective program page 01 X X xM X
Lock page 10 X X
Selective lock page 10 X X X
Protect page 11 X X
Selective protect page 11 X X X

WRITE ADDRESS

LSB
MSB cc
PPPPPP |
| COMMAND
PAGE FIELD
MSB LSB FIELD HEX
MSE LSB VALUE
Fage 3 000011 00 OCh General Read Page 3

I3 TEXAS
INSTRUMENTS




Command Implementation
PaLFIl General Read of Page 3 (Command 0x0C)
[Using the GUI]

] RFID Demo Software = e
i =101 x|

Demao Mode  Direct Access Mode | Rezonant Trimmingl Corm F'u:urtl About I

Example Command/Response Sequences
| Read Page [E =l Page Locked General Read of Page 3 Command
| . Chock | = 01060632080C000A3C
BB attery Lhec | € 010B007EFF010E0329040ECOASCD
Program Page E =] [ooooooooon IR
Lock Page | IB vI
MSP Access | [ooooononnono 13 TEXAS
INSTRUMENTS
Received Butes
Sel. Addr. Serial MSE Serial Serial LSB tan. Code FPage 2
FF 04 29 03 0E iy
Senal Communication
T# - Data to Reader
|01050632080C00043C
R - Drata from Beader
| 11 0B 007E FFOT DE0323040ECOARCD CRC Corect
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PaLFIl General Read of Page 3 (Command 0x0C)

Command Implementation

Overall Sequence (LF Charge Burst, Modulated Command, Tag Response)

Tek

Stopped Single Seq

1 &GS

21 Mar 10 16:55:09

|||||||1‘|

Ch1 CRILY
Ch3 200rmY

Chz GRILY M 10.0ms SO00KS S

& Ch1 o~ 2.5%

2 Dpzkat

curs1 Pos

curs? Pos

11
12
P
1088 :

4.033ms
T0.96ms
BE . 93ms
14 .94Hz

//
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Command Implementation
PaLFIl General Read of Page 3 (Command 0x0C)
(Zoom on End of LF Charge Burst, Modulated Command, Tag Response)

Tek  Prewiewy Single Seqg 0 hoos 27 Mar 10 17:26:20
cht o os0Y T DT TRt R T T LT T T w10 0me B00kss | 2 0psdgel T T
Eh3 200mY . . : # Chl ~ -25Y : . .
i oc 7E FF OE 03 29 04 OE CO A8 | ° ]
“_-_“I

.]_.

HH]

2+ | - ' | | | 1
3 |
_I | I | | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 L1 1 1 | L1 1 1 | L1 1 1 | I | L1 1 I_
Foormm 1 Chil— Zoormn 1 ChZ — Zoomn 1 Chia —
10.0Y 2 O 10.0Y 2 O 00mY  2.0ms
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Command Implementation
PaLFIl General Read of Page 3
(Zoom on End of the LF charge burst and General Read Command 0x0C)
[00110000 (rotated) = 00001100 = 0x0C]
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Command Implementation
PaLFl Read Page 3 Tag Response Example
[Password, User ID and Manufacturing ID]

Tek  Previewr Single Seq [T 19 bdar 10 14:23:27
cht DY T Tk sy T LT M400m: 10MSE | 000nsm
F ' ' ' ' T ADhT nozs ; 1 ¢ 7E = Start Byte
- — ' ' ' ' 1 « FF=Page 1 (Password)
THET « 01 =Page 2 (User Data)
| « OE = Part of Page 3
EE (Manufacturer 1D byte)
2--‘:I I 1 i LI I LI i LI i LI II::I I I I I I I I I i I I: I | LI I I I I I I:
T SCI0 T ]
LFE,-E,FHHHEH...................____ ....................... _]
_I 11 | 11 1 1 | 1 1 1 1 | 11 1 1 | 1 1 1 I__I 11 1 | 11 1 1 | 11 1 1 11 1 1 1 1 1 I_
Zoom 1 Chl— Zoom 1 ChZ — Loorm 1
10.0% 400p= 0.0 400p= 200y 400p=

I3 TEXAS
INSTRUMENTS




Command Implementation
PaLFl Read Page 3 Tag Response Example
(Serial # and Page Address)

Tek  Previewy Single Seq 0 &Gos 19 har 10 14:31:55

cht sy T bk sy L M 400ms 1.0MSE | Hdnlflnsfﬂ:t' L
- : : : - 4 Ch1 w25

03 = Page 3 (Serial # LSB)

----- o4 hegmmolt 29=Pages

—A— e | © 04 = Page 3 (Serial # MSB)
T Bl « OE = Page 3 (Page Address)

Zoormn 1 Chil — Foom 1 Ch2 — Sonrn 1
10.0% 400p= 0.0y 400p= 2O0mY 400p=
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Command Implementation

PaLFl Read Page 3 Tag Response Example

Tel

(CRO)
Frevies  Single Seq 0 &Gos 19 har 10 14:34:39

cht osoy DT ek s LT T M400kes 1.0mSs | 1000nsde 0
= ; : : : + # Chl o~ 25Y : : -
I A N U AP (e P05z —
- - CO A8 T ©t2:  FOETmME -
B A Al T CoAE: 51.82ps

_ T et 19.26kHz T

Zoormn 1 Chil — Foom 1 Ch2 —
10.0% 400p= 0.0y 400p=

Sonrn 1

200y 400ps

CO = CRC (LSB)
A8 = CRC (MSB)

Note:

The CRC is calculated (with
this device) over the string:
FFO10E0329040E using
reverse CCITT, with a start
value of 0x3791

BCC (0xCD) (not shown
here, but in the GUI) is XOR
result taken over the entire

response string:
OBOO7EFF010E0329040EC0A8

which is minus the SOF byte
seen in the GUI.

I3 TEXAS
INSTRUMENTS




TMS37157

PaLFl — Passive Low Frequency Interface Device

e Technical Training Module:

— Battery Charge Command is:
« Used to power attached microcontroller (without using battery)
* Used to charge an attached system battery

— When a Battery Charge Command has been received the
TMS37157 applies a voltage of about 3.4 V to VBAT.

— The charge current depends mainly on the antenna of the LC Tank
Circuit and the Field Strength of the Base Station.

— The TMS37157 does not answer to a Battery Charge Command.

— The LF Field has to remain on after transmitting the telegram. The
telegram format corresponds to a Read Page 26 Command.

— The charging of the battery can be ended by any other command.
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TMS37157

PaLFI — Passive Low Frequency Interface Device

Command Implementation
CRC
Battery Charge command TMS37167  |EEPROM| | ROM ‘ GEN.‘
. L
(Page26, 68h) . 4 +
[TRP ,.
INTF. [* * ckam |
= = =
CHARGE VBATI == ] | sMo
5 REG. ™ COMTROL "MsSrT -‘SCIM| I
- | _ UNIT : i ||:. | SPILCLK
veL . VOOP ol | musy
| @ND L'ﬂ
SWS
- — CLEAR VEATION
.n.. 5 !
Battery Charge Command
u
RF
| —— . -
o BATEAT
TXON Charg 7 [ .I:
TX OFF s L - g VBA PUSH VBATI
omman ong Charge 4
eg. ls ) L}
Bﬂ%"hcsm CRAT FvBsT!
T T 1

Figure 3. TMS37157 Power Management
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Command Implementation
Battery Charge Command (Ox68)
[Using the GUI]

s RFID Demo Software = &
i =101 x|

Demo Mode  Direct Access Mode | Rezonant Trimmingl Carn F'cnrtl Ahout I
Example Command/Response Sequences

Read Page | |1 'I _ Battery Charge Command
— I Batters Chack | I— = 01078610190868000AE2
=205 SEV R € 01078610190868000AE230383638
Pragram Page E | Joooooooooe SR
Lock Page | IB "I
MSP Access | [oooooooooo0o I3 TEXAS
INSTRUMENTS
Received Bytes
Mo Infarmation about Device
Serial Communication
T= - Data to Reader
|010786103208680004C9
R - Diata from Reader
0107861 03208680004C9303836 38 CRC Conect
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Command Implementation
Battery Charge command
(Overall Sequence)

File Edit ‘“ertical Horizffcg Trig  Display  Cursors  Measure  Masks  Math  MyScope  Ukiities  Help

Tek  Stopped Single Seq 1 Bcis 17 War 10 14:37:41 @

IIII|II"IIIII|IIII|IIIIIIII|IIII|III|IIII|IIII

Curs1 Pos

curs2 Pos

1 4 101ms

12 52 3dmsz

P 54 2dmz
1 18 44Hz

Ch1 5.0 ChZ S0 r 10.0ms 100kSE 10.0psht
Ch3 100y A Chl ~ 2.5Y¥
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Command Implementation
Battery Charge
(Command 0x68, using PPM)

File Edit \ertical Horizfhcg Trig  Display  Cursors  Measure  Masks  Math  MyScope  Ukilities

Tek  Preview Single Seq 1 iz 17 Mar 10 14:45:28 @
chi' oshy ST T T kR T sy T T LT T T M 100ms HOokS: | 10 0pske T

Eh3 100rmY # Ch1l - 2.5Y : :

—_..

Zoorn 1 Chl — Zoomn 1 Ch2 — Zoorn 1 Chis —
10.0% SO0ps 10.04 S00p= SO0y S00ps
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TMS37157

PaLFl — Passive Low Frequency Interface Device

e Technical Training Module:

— Microcontroller Access/Program Command (with and
without a battery or other DC power source)

e The MSP Access command allows transfer of LF data to/from a
microcontroller (i.e. MSP430) via the TMS37157 Analog Front
End.

* The microcontroller handles data transfers using the following
SPI commands:

— MSP Read Data From PCU (Data In)
— MSP Write Data To PCU (Data Out)
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TMS37157

PaLFl — Passive Low Frequency Interface Device

e MSP Access Data Handling Flow:
The following sequence is needed to implement an MSP Access command:

— The TMS37157 detects that an MSP Access command has been received and
wakes the Microcontroller (e.g. MSP430).

— The Microcontroller reads the status using the SPI command Get Status.

— The MSP access request is detected and the data are requested by the
Microcontroller. Data bytes are transferred to the Microcontroller using the SPI
command MSP Read Data from PCU.

— The data bytes are processed and actions executed, as necessary.

— If necessary, the Microcontroller sends response data bytes back to the TMS37157,
using the SPI command MSP Write Data to PCU.

— After the TMS37157 has detected removal of LF power, the response data bytes
are sent back to the base station (i.e. TMS3705A1DRG4 based reader).

NOTE:

— The LF field must be present throughout the above sequence (except the last step),
otherwise a malfunction of the TMS37157 may occur.
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TMS37157

PaLFI — Passive Low Frequency Interface Device

-

with a Battery
\_ (Page31, 7Dh)

Command Implementation
MSP Access/Program command

~N

J

MSP Access Command with
U Battery

ore L 1N ”
20ms N
TXOFF Command Long Charge

eg.1ls

CRC
TMSATIET EEPROM: | ROM ‘ GEN.‘
3 L
HF ! W w
|LB|-|P: - » CLEAM
B simo
_____ CH&ESE - CONTROL VBATI S e
| UNIT %P ene
vEL ‘ YEED T | musy
GND
SWS I
L, — CLEAR \vRaTay
) n [
h 4
VBAT . r~—;?=|"
b BATBATI
vepr * T FusH VEATI
p b4

________________________

Figure 3. TMS37157 Power Management
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Command Implementation
MSP430 Access/Program Command Flash Green LED 4 Times with a Battery
[Using the GUI]

_10] x|

Derma Mode | Direct Access MDI:IEI Rezonant Tlimmingl Com F'Drtl About |

Example Command/Response Sequences
(happening behind the scenes)

— Battemlezz \Wirelezs Configuration bMemary Mode

MSP430 Access Command

Flash green LED on Push Button |D4 times. Configure Push Button | => 010E0632487D040000000000AF58050AF3
€ 010B007E0400000000007D14B0OA8
— 5Pl Access bo MSPA30 Mode
MSP430 Access Command (for Red LED)
Flash [areen | LED [o4 fimes | Flash LED with battery) | 2 010E0632487D040100000000EB53050ABD
4 € 010B007E0401000000007D3FB486

Flssh LED [without battery] |

— Check Battery Level Mode

I3 TEXAS
Check. Batteny | [NSTRUMENTE I
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Command Implementation

MSP430 Program/Access Command DEADBEEF1234 with a Battery

[Using the GUI]

RFID Demo Software

=101 x|

Demo Mode  Direct Access Mode | Resonant Trimmingl Com F'u:urtl Abaout |

Read Page [ [ = [Page Unlacked
Battery Charge | Battery Check | I— >
Program Page | IE j IDEIEIEIEIDDEIDEI IPngrammed €
Lock Page | m
MSP &ccess %_I Im .’ TEXAS
INSTRUMENTS

Received Bytes

MSP Datal  MSPData2 MSPData3d MSPDatad4  MSP Datab  MSP Data b
34 12 EF BE A0 DE

Serial Communication

T - Data to Reader

|EI1 [E0G3245870 341 2EFBEADDEE 951 OFDAGE

R - Data from Reader

|EI1 OBO07E 341 2EFEEADDE FDFFI764 CREC Carrect

Example Command/Response Sequences

MSP430 Access Command
010E0632487D3412EFBEADDEE9810F0A66
010B0O07E3412EFBEADDE7DFF9764
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Command Implementation
MSP430 Access/Program Command with a Battery
[Overall]

File Edit “ertical Horizidcg Trig  Display  Cursors  Measure  Masks  Math  MyScope  Utilities  Help
Tek  Preview Single Seq 0 dios 21 War 10 19:02:18 @
h1 oshy T kRt DY T LT T M200msookss | oa0psptl T
h3 200mY : . . T 4 Chl 25 : : -
: T : : - Cursl Pos
curs2 Pos
11 -36.05ms
12 : FOETms
&t 106.Sms
174t 9.351Hz
B e
3
_IIII|IIII|IIIIIIIIIIIIII__IIIIIIIIIIIIIIIIIIIII_
Zoorn 1 Chl— Zoorn 1 ChZ — Zoom 1 Chi —
004 20.0rms 10,04 20.0rms 200mY 20.0rms
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File  Edit

Command Implementation

MSP430 Access/Program Modulated Commands
Flash Green LED 4 times and DEADBEEF1234 with a Battery

[Overall]

Wertical  Horiz/acg  Trig E‘Ii-|:|la

Cursars

Measure Masks Math

MyScope  Utilities

Tek F‘rewew Single Seq 21 har 10 19:08:33
ent’ .\J"'I""bﬁz"'shv"' ""M‘zhﬁmstzt%nks?s'lathusxptl' T
Eh3 20y A Chl ~ 25\-' . B
C 7D 04 00 00 w 00 00 AF = 58 ]
et +

[ = .
[ soio . ]

e L IR o et I e A0

iz

3
Lo by o by o b o b o Ty by oy oo | ]
Zoom 1 Chl— foom 1 Chz — foom 1 Chi —
ooy 4 0rns 1o0.0¢ 4 Orns 200rmY 4 0rng

Help

Cursl Pos

Curs2 Pos

31 14.16ms
12 46 58ms
A S22EmE
31.03Hz

File  Edit

Wertical  Horiz/acg  Trig E‘Ii-|:|la

Cursars

Measure  Masks Math MyScope  Utlities  Help

Tek Stupped Single Seq 21 har 10 21:04.57 @
ch1’ '5h\J'"I""sz"'5h\)"'--""I\-1'4hﬁmsl125|’<5'fs'IBhusa’ptI' e
Eh3 | 2oy : + A Chl o 38Y : -
F T+ : B Cursl Pos
C 7D 34 12 EF BE AD DE E9 81 ]
FrecT ] Curs? Pos
C B i t1: 166.3ms
L N i 12 201.7ms
e | AL 35.36ms
L B 1 2B2EH:
Csoig : : ) N ) ]

A v e B 1 B e

Zoorm 1 Ghl— Zoom 1 Ch2 —
ooy 4 0rns 1o0.0¢ 4 Orns

| |
Ch3 —
40z

L
Zoorm 1
200rmY

Modulated Command for flashing Green LED 4 times

Modulated Command for sending DEADBEEF1234
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Command Implementation
MSP430 Access/Program TMS37157 Responses
Flash Green LED 4 times and DEADBEEF1234 with a Battery

\_ [Overall] )

File Edit ‘%Wertical Horizfacg Trig  Display Cursors  Measure Masks  Math  MyScope  Utilities  Help File Edit ‘%Wertical Horizfacg Trig  Display Cursors  Measure Masks  Math  MyScope  Utilities  Help

Tek  Preview Single Seq 0 diigs 21 har 10 20:33:12 @ Tek  Stopped Single Seq 1 higs 21 har 10 21:38:.49 @

pnt R T TP et TR T T T LT T 20 msooksis” T A Opspl T T T pnt TR TN et TR T T T LT T T T hlab Omshzsksis” T BOpspml T T T
. - . 4 Ch1 ~ -28Y . . B = . - . 4 Ch1 »-3.8Y . . B

F : : : b Curs1 Pos F : : : b Curs1 Pos
- 51.463ms 216.5ms
et ] Curs2 Pos Curs2 Pos

| = 54 4% 1ms | 219 67ms
C t1:  51.46ms t1:  2165ms
N 12 54.48ms 12 219.6ms

I . . ] . . . . 0w 3.018ms It Y T 3.072ms
. i . i 1 i i . . WAt 3313H B . . . i ] 1At 3255Hz

:_LF CARRIER L :_LF CARRIER A :
ST RPN DU ST T PR D B ST R DTS S T ]
Zoom 1 Chl— foom 1 Chz — Zoarm 1 Zoom 1 Chl— foom 1 Chz — Zoarm 1
ooy 2.0rms 1o0.0¢ 2.0rms 200rmY 2.0z ooy 2.0rms 1o0.0¢ 2.0rms 200rmY 2.0z
MSP430 thru TMS37157 response from flashing Green LED 4 times MSP430 thru TMS37157 response from sending DEADBEEF1234
(with CRC) (with CRC)
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TMS37157

PaLFI — Passive Low Frequency Interface Device

(Command Implementation\

TMS3T7157 EEPROM| | ROM ggﬁ‘
1
MSP Access/Program T < o
without a Battery = T f
K (Page31, 7Dh) j
I:_| ey S VBATION
r o BATBATI
r T
MSP Access Command Figure 3. TMS37157 Power Manage
w/o Battery
LED ON ’_‘ ’_‘
LED OF
RF
Signal
TX ON Charge Charge Charge //
TX OFF i 20ms _M I_I :I_I:Zims_ JMU :|_|_2°_m5_ JHU I_I ________________ -
Command Command Command Long Charge
Bat CHRG MSP ACC Bat CHRG e.g. 10s
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Command Implementation
MSP430 Access/Program Command Flash LED 4 Times without a Battery
[Using the GUI]

RFID Demo Software

Dema Mode | Direct Access Mu:u:lel Fesonant Trimmingl Cam F'u:urtl About I

=10 =]

— Batteryless Wirelezs Configuration Memory Mode

Flazh green LED on Puzh Button Il:ld times. Configure Push Button |

Ol 7

—SPI Access to MSP430 Mode

Flash times. Flash LED [with battery] |

~| LeD fo4

areen

Flazh LED [w/o I:nl*wt_l |
Ny

R 7

Ol 7

— Check Battery Level Mode

13 TExas

INSTRUMENTS |

| Check Battery I

Ol 7

NV

Example Command/Response Sequences

(happening behind the scenes)

Read Page 3 Command
01060632080C000A3C
010BO07EFF010E0329040ECO0A8CD

Battery Charge Command
01078610190868000AE2
01078610190868000AE230383638

MSP430 Access Command
010E0632487D040000000000AF58050AF3
010B0O07E0400000000007D14B0OAS8

Battery Charge Command
01078610190868000AE2
01078610190868000AE230383638

Read Page 3 Command
01060632080C000A3C
010B0O07EFF010E0329040EC0A8CD
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Command Implementation
Overall MSP430 Access Command without Battery
(Program MSP430 and Flash LED four times example)

This is a combination of the previous commands described in this training module.
— Read Page 3, Battery Charge and MSP Access

Tek  Stopped Single Seq 1 Acos 19 hfar 10 08:54:10

||||||v||||||||||||||||||||||||||||||||||||||

Buttons

Cursl Pos

Curs2 Pos

11 -360.0ms

12 §.155z

fiige §.515z
1hdE s 117 drmHz

TR TR T

\LF CARRIER:

Ch1 ooy Chz oy 1.0z 10005/ 1.0rmzAat
Chi 100rmY & Chl ~ 2.5Y
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TMS37157

PaLFl — Passive Low Frequency Interface Device

e Technical Training Module:

— Firmware Considerations
 Read Page 3
« Battery Charge
e MSP Access
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TMS37157

PaLFl — Passive Low Frequency Interface Device

« Read Page 3
— The Transponder Memory comprises a total of 126 bytes, organized in
pages.

— Memory space is apportioned as follows:
» User Data 121 bytes
» Serial Number (3 bytes) + Manufacturer ID (1 byte) = 4 bytes
e Selective Address 1 byte

— A read of Page 3 returns three pages of data
 Page 1 = Password
e Page 2 =User Datal
* Page 3 = Serial Number and Manufacturer ID
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Read Page Command Firmware Code Snippet

void SPI_Read_SerialNum(void)

/****************************************************************************************

* Read out Serial Number, MID, User Data 1 and Password (Pages 1, 2 and 3)

****************************************************************************************/

{
SPI_Set_Up_Telegram();

SPI_Buf_Set_Output_Byte(Page3);
SPI_Buf_Set_Telegram_Length();

SPI_Buf_Send();

if (MSP430_SPI_Rx(SPI_Stack.uclnput,7))
ErrorMode();

TRP_Data.SelectiveAddress = SPI_Stack.uclnput[0];

TRP_Data.KeyNumber = SPI_Stack.uclnput[1];  // equal to User data 1
TRP_Data.SerialNumber[0] = SPI_Stack.uclnput[2];// Manu Code / Page 3
TRP_Data.SerialNumber[1] = SPI_Stack.uclnput[3];// Ser. Nr. / Page 3
TRP_Data.SerialNumber[2] = SPI_Stack.uclnput[4];// Ser. Nr. / Page 3
TRP_Data.SerialNumber[3] = SPI_Stack.uclnput[5];// Ser. Nr. / Page 3
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TMS37157

PaLFl — Passive Low Frequency Interface Device

 Battery Charge
When a Battery Charge Command has been received the TMS37157 applies a voltage of about

3.4V to VBAT.

The charge current depends mainly on the antenna of the LC Tank Circuit and the Field

Strength of the Base Station.

The TMS37157 does not answer to a Battery Charge Command.
The LF Field has to remain on after transmitting the telegram. The telegram format corresponds

to a Read Page 26 Command.

The charging of the battery can be ended by any other command.
The write data format of the Battery Charge Command is shown below

CHARGE

WRITE

ADDRESS
i
7/
LSB MSB
00 | 010110
Page 26

Charge.....

I
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TMS37157

PaLFl — Passive Low Frequency Interface Device

« MSP Access

— The MSP Access Commands are special cases; they work only if the TMS37157
receives an MSP Access Command through its RF Interface.

— The MSP Access Commands are used to transfer data through the RF Interface
directly to the MSP and back.

— In the normal application the MSP is in LPM4 waiting for an Interrupt and the
TMS37157 is in Standby mode, resulting in overall ultra low power consumption.

— If the TMS37157 receives an MSP Access Command, it sets Busy high. This can
be used as an Interrupt for the MSP430.

— The TMS37157 shows its readiness by resetting busy. Now the MSP can request
the data from the TMS37157.

— The TMS37157 waits until the MSP send 6 Bytes of data back to the TMS37157.

— During this time, the field of the RFID reader has to stay on, supplying the
TMS37157 with Energy.

— The TMS37157 sends the Data back to the RFID reader, when the RFID reader
switches off the field.

— The following code snippet shows how to use the MSP Access Commands in
connection with a Busy Interrupt.

» Itis assumed that Busy Pin is connected to P2.1 of the MSP.
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MSP Access Command Firmware Code Snippet

#include "msp430x22x4.h"

#include "PaLFI_Transponder.h"

void main (void)

{

unsigned char MSP_Access_Data[6] = {0};

P20OUT =0; //

P2DIR &= ~CU_BUSY; // Busy Input P2.1 CU_BUSY = 0x002

P2IFG &= ~CU_BUSY; // reset busy Interrupt

P2IE |= CU_BUSY; // busy Interrupt enabled

While(1)

{

if((P2IFG & CU_BUSY) == CU_BUSY)); // Test for Interrupt

{

While ((P2IN & CU_BUSY) == CU_BUSY); // wait until TMS37157 ready
SPI_Read_CU_Data(MSP_Access_Data); // read Data from TMS37157
MSP_Access_Data[l] = MSP_Access_Data[2] + MSP_Access_Data[3]; // change data
SPI_Write_CU_Data(MSP_Access_Data); // Write Data to TMS37157
P2IFG &= ~CU_BUSY; // reset Interrupt Flag

P2IE |= CU_BUSY; // set Interrupt enabled

}

__bis_SR_register(LPM4_bits + GIE); // Enter LPM4, global Interrupts Enabled
}

}

#pragma vector=PORT2_VECTOR

__interrupt void PORT2_ISR(void)

{

P2IE &= ~CU_BUSY;

__bic_SR_register_on_exit(LPM4_bits+GIE);

}
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