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ABSTRACT
The automatic borrowing and returning system by RFID technology let the students borrow and return
books by themselves without librarians. So, returning and borrowing will be more comfortable and faster.

Moreover, the system will also alert by e-mail of the student who return books late including the fine teo.
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3) Long Range
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2.11 Full and Half Duplex Procedure
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Memory/ Write/read Power Frequency Application
Byte distance (cm) consumption

ASIC#1 6 15 10 1A 120 kHz Animal ID

ASICH#2 32 13 600 124 120 kHz Goods flow,

access check

ASICH3 256 2 6 pA 128 kHz Public
transport
ASICH4 256 0.5 <1 pAd 4 MHz* Goods flow,
Public
transport
ASICH#5 256 <2 -1 A 4/13.56MHz Goods fiow
ASICH6 256 100 500 pA 125 kHz access check
ASICHT 2048 0.3 <10mA 491 MHz* Contactless
chip cards
ASIC#8 1024 10 -tmA 13.56 MHz Public
transport
ASICHO 8 100 <lmA 125 kHz Goods flow
ASIC#10 128 100 <lmA 125 kHz access check

*(Close coupling system

A19197 2.2 MauaRIns 1FMaUYe ML, RFID-ASIC wianuTradandoufigan Tulns i

annsoiiamldfie 1.8 v uazmnfigad 10 v
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1) NRZ coding
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2} Biphase coding
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Data rate
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3) FSK coding
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1) PSKI

Data rate
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2) Frequency Shift Keying (FSK)
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Wodndulafiezth PHP 11U ReRideaTide

1) n3sadiined (919 PC 535un 10 18)

2) wiosTnaeud (fhundeadvirunioudininesald)

3) Iﬂ‘itlﬂ'ﬁljlg‘]m‘nﬂ{ﬂl’]ﬂ{(Web Server) 19U Apache (91W17), Microsoft Internet Information
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3.1 M500NHUVAIHYEI RFID

a
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smuanataiuhl Tavludiwvounsssudy

gimez 149led EM4095 uazludiuvoaunndoz 19

141 T5557

3.2 HaNM5HIIH YDA IC NIFU

3.2.1 EM4095 : Read/Write analog front end for 125 kHz RFID Basestation

S0186

vss O ~ 3 DC2
RDY/CLK ] ] FCAP

ANT1 4 [1 SHD

DvDD O N DEMOD_QUT

Dvss L 1 MOD

ANT2 O 1 AGND

VDD [ 1 COEC_IN

DEMOD _IN [ 3 COEC_OUT

317 3.1 v weslod EM4095

- 1 o 4 = 4 o o’ 2 ' o é -
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Read/MWrite mode (High Q factor antenna) 46
RDY/GLK  °

15 —!—ECQL_L

14 l¢3HD

"  OUT
EM4095 ,, | MOD nP
C

n e
II; }Cmc

QW ~ O o W R e

31 3.2 2aasvldde led EM409s fuluTnsneuTnsamed
dq ¥ a ' = & A Py v Y o
marailF stz inasiiilssininmga disssnasesiiimsasinnuduniueynsuiy
R A 1 LA A d = ¥
¥4 (coil) M Iinszuah Inarmuuaain (coil) Dianas donszuaanasnuzinalidimsnszaw

Frvoasidaliaanaidiu

3.2.1.1 Pin Description

Pin | Name Description Type
1 | Vss Negative power supply (substrate) GND
2 |[RDY/CLK Ready flag and clock output, diver for AM modulation O
3 |ANTH Antenna driver O
4 | Dvop Positive power supply for antenna drivers PWR
5 |Dvsgs Negative power supply for antenna drivers GND
6 |ANT2 Antenna driver O
7 | Voo Positive power supply PWR
8 |[DEMOD_IN Antenna sensing voltage ANA
9 | CDEC_OQUT DC blocking capacitor connection « out » ANA
10 |CDEC N DL biocking capacitor connection « in » ANA,
1 | Aawp Analog ground ANA
12 | MOD A High level voltage modulates the antenna IPD
13 | DEMOD_OUT | Digital signal representing the AM seen on the anienna 0
14 |SHD A High level voltage forces the circut into sleep mode IPU
15 | FCAP PLL Loop filter capacitor ANA
16 DC2 DC decoupling capacitor ANA
GND:  reference ground PWR: power supply ANA:  analog signal
IPD: input with internal pull down IPU: input with intemal pull up O: output

#15719% 3.1 Pin Description

3.2.1.2 MIMBHANSAINH
Tunisdivuanisviisiuvea’lod EM409s muisatinuanisvitnulden
TuTnsneulnsamey (AT8988252) TUArugumsH1ameInu) SHD (4114) uag MOD (1112) 183

& ] W o d'
EM4095 ‘h’»ﬁﬁ'l‘d'llﬂiﬂﬂ'lﬂuﬂvlﬂﬂﬁu
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1) ¥1 SHD

1 sHD fianmzidiu High Tod EM4095 azviauluInug Sleep

&1 SHD Simouziiu Low 1o® EMa09s azwdonlumsiuddoyannsana
2) ¥1 MOD

&1 MOD Hanuziiu High 1o% EM409s szvnauluTvuadou

#1MOD Tan1uziilu Low Tod EM4095 axi1amluTuuneu

3.2.2 Tag : Multifunctional 330 bit Read/Write RF-Identification IC
. . ¥ o o a ar 9 W \ =

5557 1ilu IDIC (Identification 1C) wuv'l¥duda dmiumsvssyndlFauludmanud
125 kHz %A (coil) ADBYALFN (chip) THTUUMAITIWNAIIN (power supply) uazTudetoya
TEHIYNADIUBINUAID U (Reader or Base station)

Tu 15557 11 imiavanudnduiuy EEPROM 330-bit (uiadiu 10 vien udonaz 33 da)

» o o kg A v - o b4 n’: 1
annsegumazdouvaonldninnsosgmudyyiu Tavudonoszgnasau i lumsasai Tuuanis

o o 3 o o o a A PR a
ATUYBE TS557 Hag Uaon 7 o isdmsuinusia (Password) l“ﬂﬂf]qnu&!ﬂulnlmﬂu

Transponder
—Power_ 3 %
Resader - . l E loe{ T L=
o T ] E ju- '§ o} Momory
Base station b S g O
15557
tl.!aslu:u;:m‘cnn

U7 3.3 5200 RFD N1 T5557

3.2.2.1 udenIABLUATHYRA T5557

e Modulator POR
[EEE NI
Mode register
¥ gi RN Marmory
» % z
| B 8L B
-1 (390-0i EEPROM)
g N
k-] Controlier
2
con2y - o ii - ed  Input register
Eg — — 1
: Test logic - HY generaior
*
Mask option

517 3.4 vdenlaszunsUYDL TS557
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3.2.2.2 AUanUR ey T5557

L] 3 Yo e
- deduveyanuu i dudn
d' é‘!. = : ] =4
= ANBOAAUINY F. Aauw 100 kHz 09 150 kHz
- £5550 1917 TARD TS557 extended mode
- YUIALAN MUz auAY ISO/EC 11784/785
V- | = o a

- DA uR U523 Touuua 75 pF Uuyw
- uasnnudoyauuy EEPROM vu1n 7x3210a sufivwimisauuiai2ia
- wmiennud 64 TaMidmivdeya
- B0 32 invna3 Sauans U EEPROM 1usvua
-gas1toyn

- RF/2 ©14 RF/8, Binary Selectable 139

- Fixed e5550 Data Rates
- MsusEA/M SIS

- FSK, PSK, Manchester, Biphase, NRZ

3.2.2.3 Initialization and POR Delay

2993 POR vedoinatusunseiatagaiiius sduninuns sumsalaad (threshold) Savin 1w
P oa = o a 1 .Y ' a qv =
ANSUAVYBINITNINDT (trigger) 3umiradudisy seviamismiauivzisunanssum 192
o a a N 1A W vd oy P 2 '
dyiuurdnm lod 15557 gasmuannsuaulmnudoyalilu EEPROM ufien 0 szndienis
© v a A g (Y o . o '
fMvuAn IS YANHLABN 0 AUl sNIMUALDI TS5570x 11 load damping 9¥191UBH190135 HAZLVY

. ¥ 4
T55571x welszozmiseminnniuaduagivauivvesniiu

3.2.2.4 Tag te Reader Communication
Tuszninamsdsauin 1l deyaninu 131y EEPROM 1zgnanuasiyn coil 1 uazcoil 2 9

4 . TR
gnueAlan T3ansoas9su 1A launTeseudyg

3.2.2.5 Regular-read Mode
T regular-read mode YoyaninuilenNui1ezgnavednAeiios Tanunnudeniiiai
a o a
sufisvdongaio Taunmumsedimuavdonganiwldlumisiiiines MAXBLK 1u EEPROM
> » »
VAo 0 151 UIs0ATMUAITEUYDITaYaTlA0INNITAIAT MAXBLK (Aana 0f37) dusidam
MAXBLK 1y 7 ufien 18auden 7 fwzgneu §1 MAXBLK vty 1 vden tifissndoniden
v e oA » 1 ' A 3/ roge ] ' : a r 3

mwiungndsaenliloosdertias i1 MAXBLK 11y 0 vdsn 0 mniufiszgndeenlil (Falas

Undudyiuee lddsudon 0 ean ) faga)
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MAXBLK = § o] Block1 H Bockd | Block§ | Bock1 | Bokz |
Loading block O
MAXELK = 2 [o0] Box1 | Bok2 | Bkt | Bok2 | Boki |
Loading block 0
MAXRLK =0 lo| moxko | Boko | Boko | moxo | Boxko |
Loading block 0

a 1

317 3.5 A79019371 MAXBLK A'99

»
' -

‘r]ﬂ‘m‘;\!ﬁ T5557 ﬁ’hfi regular-read mode 130 block-read mode LML ﬂﬁ%gﬂﬁdﬁﬁﬂﬂﬂ%ﬂ 0
a s g ¥ oW = E - & o = Y v
HANINUUNMIEATUAILUDYDLITUNLADN fua 1 l’l‘ljl‘;i@[l“] TUDI MAXBLK 1A 32 lia2s 7419 U

TliFoeq

3.2.2.6 Block-read Mode
ABMS ﬁ"ﬂﬁl‘i’f]ﬁd‘i’l’ﬂgﬂﬂumd (direct access) M1 14 TavA1 e page access opcode TGRLR

A WERVVADNTIS 1 BIN1IBIU (3-bit block address)

3.2.2.7 5550 Sequence Terminator (ST}
W regular-read mode ST vxlimsunsniilidounudenusnazgndalil srannsadald
ST vl laumsdan1fidia 29 voauden 0 Tu block-read mode (luns@il MAXBLK iy o

n501) ST szunsnin lnouudeniuden idaunry direct access

No te rminator | mock1 | Block2 // MAOBLK | Bokt | Bokz |
Regular read moda
Sagquence terminator Sequence terminator
ST =on | | soxt | s /VWBLK | | skt | mockz |
4

11]71 3.6 Read Data Stream with Sequence Terminator
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Bit patiod Data “1' Dma “1' Data 4 Data'{'
t e pRriod
Saquonco 7} Last bit First Bit ?[:
! Modulation Moduiaon i
of [on) oft {on}

Wavatorms per difleront modulation typas

Manchesier

FSK

Sequence terminalor not suitabla for Biphase or PSK modulation
:i.ﬂﬁ 3.7 e5550-compatible Sequence Terminator Waveforms

3.2.2.8 Reader to Tag Communication
esoloudeyalufiunad 1 Taomssunumuuiman Iifhdao field gaps duq

ar 1Y 1
ﬂﬂzﬂ!l'ﬁ:ﬁ'l'i'liﬂ'm'ﬁ'li

Read mode N Write mode

| th—
W g

Sew

717 3.8 namansiGudunsdemsvounies mdyyuaounnd

Parameters Remark Symbol Min. Max. Unit
Start gap Sgap 10 50 FC
Write gap Normal write mode Waap 8 30 FC
) ) ‘0’ data d, 16 31 FC

Write data in normal moda _
1’ data d, 48 63 FC

A1519% 3.2 Write Data Decoding Scheme

' i = ﬂ. 4& < 1
nngUuazas1vziuh WomsdsudeyaszAvasuen Start gap lmvodalinlszuw

v o d o ¥ ¥ a 4
30 FC ((10+50y/2) ndasmiufezmudistoyandosmsidon (deansilion | dezdeslalszun



. =4 3 [ : b 4 . A ar 51
54FC tnoamsivou ¢ 191lszinu 24 FC) vdanimiueeainnin Write gap Fauanlszuiw 18 FC

U d’ 4 a L] ] 2] N
atnait 11T a0 sunsenalall gap 11031 64 FC A£00AIN Write mode

3.23 wdnlumaidoudoyan
TumsAouildeans

1) opcode

2) lock bat

3) intoyadn 32 Da

- I~ B =
4)3 dauemas 19ifenudoniaziou

 Read mods Write mode ., Read mede
TE5571x Block
T555701 Opcode Block data address Programming
-+

Block O loading  Stan gap Lock bit
POR

11 3.9 plinadgygrauvasd@outoyn

Opcode
Standard write THNEE Data 32 |2 Addr 0
Protected wrile ] 1 Password 32 [L|[ 1 Dala 32 2 Addr 0
AOR (wake-up command) |10 | 1 Password 32 |
Direct accass (PWD = 1) [1Pf] 1 Passwod 32 [o]2 AddroO
Diract access (PWD = 0) [ fo]2 adar o ]
Page D/ regular read
Resat command * b = page salector

51 3.10 s lumisdioudeya
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3.2.4 Password

A ] s o ar = or “ a
dioagluTnuavimdsa (PWD = 1) 32 Tand3 opcode sxgnAnsen Iidusia Taofiswer
sgnnfSsuiivuiuuiindoiin laosudandiiai 1 veavdon 7 Ssialigndes Tsss? Aezliugn

o

TsunsuaaTy ud 925919012 regularread mode WasmINNA A Ignaa bl
3 o

TuInuamim3sa Arves MAXBLK (51aas9zdas iiuliaisundn 7 tledloafiy T5557

faudond 7 oonlil

- s 4 Qr Qs
3.3 MW INVOITELVUTNAUNIS TR WA
- M ET- | [¥] way : a0 ﬂi o o ar d’
szuvbuAuniaiions lusiadussddnnlsznouhdfysedl
1) IN5998 U QY1 RFID
o o
2} Msaunna
3) Tdsunsu
-C
- Visual C++
- MySOL
-PHP

ar ¥ o o

TunmsuvesrzvuessunIIMsN o0 1udyu RFID Tuiudoyauininmsaunnd

MM Serial port Taumislélusunsy Cuaz Visual C++ SuAazdadedugiudeyaiie
= oo 1 ~ ¥ - 1 = = P-] ; 9 a 3/ ¥
aouIReISuAINSoudsvezRnsaIutiunstuniemsiu vimivesd livhnsudladoyaln
gwdeya dmsumsadmdududiounliuiuszuszhiniasmeuluputeyahiinide
' ¥ A M4 a o e ¥ a  r qa o o i - «

iy lathefigniuifuimuanas lasidiudtu ldudmiimsfen sy Faluszpuiidtumisdendu
o1sdamnsndumiade Wlihu 30 Ju drwindauitumiieds 18 Tdfu 7 3w dududmuamsty
mieszuussAnanliuiuas s um
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Y £ way a » ql @ Y o1 e ¥ 4 a
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»
& o
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AUAIZUL
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o4 TavszsudnnludiusesmiudensiomsglFan Faazihumi HOME F1aliliiden
L |
3 virdofo
1) Aguaszun
2) 919130

3} WpANYI
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3.4.1 adysamsmhauluduve serial port
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Features

Contactless Read/Write Data Transmission
Radio Frequency fg from 100 kHz to 150 kHz
e5550 Binary Compatible or T5557 Extended Mode
Small Size, Configurable for ISONEC 11784/785 Compatibility
75 pF On-chip Resonant Capacitor (Mask Option)
7 x 32-bit EEPROM Data Memory Including 32-bit Password
Separate 64-bit memory for Traceability Data
32-bit Configuration Register in EEPROM to Setup:
— Data Rate
- RF/2 to RF128, Binary Selectable or
- Fixed e5550 Data Rates
~ Modulation/Coding
- FSK, PSK, Manchester, Biphase, NR2
— Other Options
- Password Mode
- Max Block Feature
- Answer-On-Request (AOR) Mode
- Inverse Data Output
- Direct Access Mcde
- Sequence Terminator(s)
- Write Protection (Through Lock-bit per Block)
- Fast Write Method (5 kbps versus 2 khps)
- OTP Functionality
- POR Delay up to 67 ms

Description

lhe TE557 is a contactless R/W 1Dentification 1C (1DIC®) for-applications in the
125 kHz frequency range. A single coil, connected to the chip, serves as the IC's

yower supply and bi-directional communication interface. The antenna and chip
ogether form a transponder or tag.

fhe on-chip 330-bit EEFROM (10 blocks, 33 bits each} can be read and written block-
nise from a reader. Block 0 is reserved for sefting the operation modes of the T5557
ag. Block 7 may contain a password to prevent unauthorized writing.

Jata is transmitted from the IDIC using load modulation. This is achieved by damping
he RF figld with a resistive ipad between the two terminals Coil 1 and Coil 2. The IC
‘eceives and decodes 100% amplitude modulated (OOK} pulse interval encoded bit
streams from the base station or reader.

System Block Diagram

figure 1. RFID System Using T5557 Tag

Transponder

Coil interface
Controller

Reader l
or .
Base slation Data

T5557

* Mask option

L (O

Muitifunctional
330-bit
Read/Write
RF-lIdentification
IC

T5557
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3uilding Blocks

Analog Front End (AFE)

Jata-rate Generator

Nrite Decoder
1V Generator

JC Supply

2 15557

=
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Figure 2. Block Diagram

] " Medulator ‘_ ’ POR
Coil 1 tt st b3 i
Mode register r-
g g5 I EREEREN
o § I Memary
= L+i]
o o T |- ™
o M (330-hit EEPROM)
o —
2 Controller
<
Coil 2 | % g 1 ! Input register
ol -]
g f
oh
Test lagic HV generator

* Mask option

The AFE includes all circuits which are directly connected to the coil. It generates the
IC’s power supply and handles the bi-directional data cormmunication with the reader. |t
consists of the following bfocks:

* Rectifier to generate a DC supply voltage from the AC coit voltage

+ Cilock extraclor )

*  Switchable load between Coil 1/Coil 2 for data transmission from tag to the reader
+ Fieid gap detector for data transmission from the base station to the tag

= ESD protection circuitry

The data rate is binary programmable to operate at any data rate between RF/2 and
RF/128 or equal to any of the fixed e5550/e5551 and T5554 bitrates {(RF/8, AF/16,
RF/32, RF/40, RF/50, RF/64, RF/100 and RF/128).

This function decodes the write gaps and verifies the validity of the data stream
according to the Atmel e555x write method (pulse interval encoding).

This on-chip charge pump circuit generates the high voltage required for programming
of the EEPROM.

Power is externally supplied to the IDIC via the two coil connections. The IC rectifies and
regulates this RF source and uses it to generate its supply voltage.

4517F-BFi0-11/03
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‘ower-On Reset (POR)

slock Extraction

sontroller

lode Register

This circuit delays the IDIC functionality until an acceptable voltage threshold has been
reached.

The clock extraction circuit uses the external AF signal as its internal clock source.

The control-logic module executes the following functions:

+ Load-mode register with configuration data from EEPROM block O after power-on
and also during reading

= Conirol memory access (read, write)
» Handle write data transmission and write error modes

= The first two bits of the reader to tag data stream are the opcode, e.g., write, direct
access or reset

» In password mode, the 32 bits received atter the opcode are compared with the
password stored in memory block 7

The mode register stores the configuration data from the EEFROM biock 0. It is
continually refreshed at the start of every block read and (re-}loaded after any POR
event or reset command. On delivery the mode register is preprogrammed with the
value '0014 8000'h which corresponds to continuous read of block 0, Manchester
coded, RF/84. )

“igure 3. Block 0 Configuration Mapping — 5550 Compatibifity Mode

L{1 23 4|56 7 8!910 11 12|13 1415 16) 17181920 |212223 24|25 262728 2930 31 32
ofi1t]ofofofofofofofo] [ [ Jol [ [ [ T[T ] Jol T] 0]o
_ Safer Key Data Modulation |FPSK- % MAX- a s - >
@ | Note 1), 2) Bit Rate CF |< BLOCK |z | & ]
3 RE/s 0 0°0 0 0 RF2 :% E‘,
- RE/6 O 0 1 0 1 RF/4 = &

RF/32 0 1 O 1 0 RF/8 2
0 Unlocked RF40 0 1 1 1 1 Res. s
1 Locked REA0 1 ¢ 0] |0 0 0 0 0 Direct &
RF/64 1 0 1] {0 0 0 0 1 PSKI o
RF/100 1 1 0| ]O 0 0 1 0 PSK2 o
AF/M128 1 1 1 00 0 1 1 PSK3
00 1 0 0 FSK1
0 0 1 0 1 FSK2
0 0 1 1 0 FSKia
0 0 1 1 1 FSkKea
01 0 0 0 Manchester
1 0 0 0 0 Biphase{50)
1 1 0 0 0 Reserved
1) If Master Key = 6 then test mode write commands are ignored
2) H Master Key <> 6 or 9 then extended function mode is disabled

517F-AFID-11/03
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fodulator The modulator consists of data encoders for the following basic types of modulation:
Table 1. Types of e5550-compatible Modulation Modes
Mode Direct Data Output T
FSK1ath FSK/B-/5 ‘0" = ri/8; "1'=r5 1
FSK2a FSK/B-/10 ‘0" = ri/B; ‘' = /10 %
FSK1t FSK/5-/8 ‘0" = rt/5; "1 =8 |
FSkat FSKM10-/8 ‘0" = riD; 1= ri/B ;
PSK 112 Phase change when input changes
PSK2? Phase change on bit clock if input high ;
PSK3® Phase change on rising edge of input
Manchester 0" = falling edge, 1’ = rising edge
Biphase 1’ creates an additional mid-bit change
NRZ 1" = damping on, ‘0' = damping off
Notes: 1. A common multiple of bitrate and FSK frequencies is recommended.
2. In PSK mode the selected data rate has to be an integer muitiple of the PSK
sub-camier frequency.
fdemory The memory is a 330-bit EEPROM, which is arranged in 10 blocks of 33 bits each. All 33
bits of a block, including the lock bit, are programmed simuttanecusly.
Block 0 of page 0 contains the mode/configuration data, which is not transmitted during
regular-read operations. Block 7 of page 0 may be used as a write protection password.
Bit 0 of every block is the lock bit for that block. Once locked, the block (including the
lock bit itself) is not re-programmable through the RF field again.
Blocks 1 and 2 of page 1 contain traceability data and are transmitted with the modula-
tion parameters defined in the configuration register atier the opcode '11’ is issued by
the reader (see Figure 11 on page 9). These tracebility data blocks are programmed
and locked by Atmel. ’ -
Figure 4. Memory Map
01 32
'é 1 Traceabifity data Block 2
g1 Traceability data Block 1
L User data or password Biock 7
L User data Block &
oL User data Block 5
D
2| User data Block 4
=i User data Block 3
L User data Block 2
L User data Block 1
L Configuration data Hlock 0
| J
(] Not transmitted 32 Dits
} T5557 s ———————————

4517F-RFID-11/03
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lraceability Data
Structure

Jperating the T5557

nitialization and
>OR Delay

517F-RAFID-11/03

Blocks 1 and 2 of page 1 contain the traceability data and are programmed and loc'-2d
by Atmel during production testing. The most significant byte of block 1 is fixed to
'EQ’hex, the allocation class {ACL) as defined in ISO/IEC 15963-1. The second byte is
therefore defined as the manufacturer's ID of Atmel (= ‘15'hex). The following B bits are
used as IC reference byte {(ICR - Bits 47 to 40). The 3 most significant bits define the IC
and/or foundry version of the T5557. The lower 5 bits are by default reset (=00) as the

Atmel standard value. Other values may be assigned on request to high volume custom-
ers as tag issuer identification.

The lower 40 bits of the data encode the traceability information of Atmel and conform to
a unique numbering system. These 40 data bits are divided in two sub-groups, a 5-digit

lot ID number, the binary wafer number {5 bit) concatenated with the sequential die
number per wafer.

Figure 5. T5557 Traceability Data Structure

. Traceability :
12 D 20 "
'557 o -
1] F1zﬂ13|... I [31] 32’
Block 2 LotiD ] water # | die on wafer #
Block 1 ACL | MFC | ICR | MSN LotiD
1] .. |89 — |18 17| . 2425 E)
Example: "EO ‘- 15" ‘o0’ 41

ACL Allocation class as defined in ISOAEC 15963-1 = EQh

. MFC Manufacturer code of Atmel Corporation as defined in ISO/IEC 7816-6 = 15h

ICR IC reference of silicon and/or tag manufacturer,
Top 3 bits define IC revision
Lower 5 bits may contain a customer 1D code on request

MSN Manufacturer serial number consists of:
LotlD 5-digit lot number, e.g., ‘38765
DPW 20 bits encoded as sequential die per wafer number (with top 5 bits = waler#)

The Power-On-Reset (POR) circuit remains active until an adequate voltage threshoid
has been reached. This in tum triggers the default start-up delay sequence. During this
configuration period of about 192 field clocks, the T5557 is initialized with the configu-
ration data stored in EEPROM block 0. During inftialization of the configuration block 0,
all T55570x variants the load damping is active permanently {see Figure 10 on page 9).

The T55571x types {without damping option) achieve a longer read range based on the
lower aclivation field strength.

if the POR-delay bit is reset, no additional delay is observed after the configuration
period. Tag modulation in regular-read mode will be observed about 3 ms after entering
the RF field. If the POR delay bit is set, the T5557 remains in a permanent damping
state until 8190 intemal field clocks have elapsed.

Ty ={192 + 8190 x POR delay) x To= 67 ms; T,=8psat 125 kHz

AIMEL :



Tag to Reader
communication

Regular-read Mode

Slock-read Mode

25550 Sequence
Terminator

ATMEL

Any field gap occurring during this initialization phase will restart the complete
sequence. After this initialization time the T5557 enters regular-read mode and modula-
tion starts automatically using the parameters defined in the configuration register.

During normal operation, the data stored within the EEPROM is cycled and the Coil 1,
Coil 2 terminals are load modulated. This resistive load modulation can be detected at
the reader module.

In regular-read mode data from the memaory is transmitted serially, starting with block 1,
bit 1, up to the last block {e.g., 7), bit 32. The last block which will be read is defined by
the mode parameter field MAXBLK in EEPROM block . When the data block
addressed by MAXBLK has been read, data transmission restarts with block 1, bit 1.

The user may limit the cyclic datastream in regular-read mode by setting the: MAXBLK
between O and 7 {representing each of the B data blocks). If set to 7, blocks 1 through 7
can be read. If set to 1, only block 1 is transmilted continously. if set to 0, the contents of
the configuration block (normally nat transmitted} can be read. In the case of MAXBLK =
0 or 1. regular-read made can not be distinguished from black-read mode.

Figure 6. Examples for Different MAXBLK Settings

HWAXBLK = 5 5 Block 1 H Black 4 Bicen 2 ! Block 1 ficck 2
Loading black Q
i T T
TAAXELK = 2 l o Block 1 | Bloei 2 I Blooxt | Blockz 1 Block! |

. \loading biotk O

MAXBLK = 0 H Block O I_B\o-cko [ Bioex ¢ | Bleck 0 giock g |

Loading block 0

Every time the T5557 enters regular- or block-read mode, the first bit transmitted is a .
logical '0’". The data stream starts with block 3, bit 1. continues through MAXBLK, bit 32,
and cycles continuously if in regular-read mode.

Note:  This behavior is different from the original e555x and helps to decode PSK-modulated
data.

With the direct access command, the addressed block is repetitively read only. This
mode is called block-read mode. Direct access is entered by transmitting the page
access opcode (110’ or "11'), a single ‘0" bit and the requested 3-bit block address when
the tag is in normal mode.

in password mode (PWD bit set), the direct access to a single block needs the valid
32-bit password to be transmitted after the page access opcode whereas a ‘0’ bit and
the 3-bit block address follow afterwards. In case the transmitted password does not
match with the contents of block 7, the T5557 tag retums to the regular-read mode.

Note: A direct acoess to block 0 of page 1 will read the configuration dala of block 0, page 0.
A direct access to bock 3 .. 7 of page 1 reads all data bits as zero.

The sequence terminator ST is a special damping pattern which is inserted before the
first block and may be used to synchronize the reader. This e5550-compatible sequence
terminator consists of 4 bit periods with underlaying data values of *1". During the
second and the fourth bit period, modulation is switched off {Manchester encoding —
switched on). Biphase modulated data blocks need fixed ieading and trailing bits in com-
bination with the sequence temminator to be identified reliable.

5 TEE57 o
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The sequence terminator may be irdividually enabled by setting of mode bit 29
(ST ='1") in the e5550-compatibility mode {X-mode = ‘0').

In the regular-read mode, the Sequence terminator is inserted at the start of each
MAXBLK-limited read data stream.

In block-read mode — after any block-write or direct access command — or it MAXBLK
was set to 0 or 1, the sequence terminator is inserted before the transmission of the
selected block.

Especially this behavior is different to former e5550 — compatible ICs {T5551, T5554).
Figure 7. Read Data Stream with Sequence Terminator

—k

No terminalar © Black1 | Block2 //MAXBLK | Block1 | Biock2 |
Regular read mode
Sequence lerminator Segquenca terminalor
,_‘ i T— — —
ST = an b Beexa | Block 2 J} MAXBLK l Blockt | Block 2
. A — T
Figure B. e5550-compatible Sequence Terminator Waveforms
Bit pericd Dala "1 Data '1* Data 't Data "1
- -
—f je- I - - —_— e — 14;.L
Sequence _/"f | lastoit | | : | FirstBi
! : g - - -
: Madulation 1 Maodulalion
: i ofl (on} © off ton}
Waveforms per diterent modulation types 1 : l
; i : bIE“T o
VCail ' i I A
i i i 1 e
Manchesler ' i i i o
i i i o r
i i i i
! ! ; i !
F5K : : | :

Sequence {erminator not suitable for Biphase or PSK mogulation

Data is written to the tag by interrupting the RF field with short field gaps (on-off keying)
in accordance with the e5550 write method. The time between two gaps encodes the
'0/1" information to be transmitted (pulse interval encoding). The duration of the gaps is
usuaily 50 ps to 150 ps. The time between two gaps is nominally 24 field clocks for a ‘0’
and 54 field clocks for a *1°. When there is no gap for more than 64 field clocks after a
previous gap, the T5557 exits the write mode. The tag starts with the command execu-
tion if the correct number of bits were received. If there is a failure detected the T5557
does not continue and will enter regular-read mode.

The initial gap is referred to as the stan gap. This triggers the reader to tag communica-
tion. During this mode of operation, the receive damping is permanently enabled to ease

gap detection. The start gap may need to be longer than subsequent gaps in order to be
detected reliably.

-
EI
1] |
F
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A start gap will be accepted at any time after the mode register has bran loaded

(z 3 ms). A single gap will not change the previously selected page (by former opcode
10 or "1},

Figure 9. Start of Reader to Tag Communication

Read mode 1 Write mode
_ P N
| d, |
A B .
? |

|SQED Wgap
Table 2. Write Data Decoding Scheme

Parameters Remark Symbol Min, . Max. Unit
Start gap Seap 10 50 FC
Write gap " Normal write mode Woan B 30 FC
) . 0 data | d, 16 31 FC

Write data in normal mode
“1' data d, 48 63 FC

The T5557 expects to receive a dual bit opcode as the first two bits of a reader com-
mand sequence. There are three valid opcodes:

* The opcodes 10" and 11’ precede all block write and direct access operations for
page 0 and page 1

* The RESET opcode ‘00 initiates a POR cycle

« The opcode ‘01’ precedes all test mode write operations. Any test mode access is
ignored after master key (bits 1..4) in block 0 has been set to ‘6”. Any further
madifications of the master key are prohibited by setting the lock bit of block 0 or the
OTP bit.

Writing has to follow these rules:

« Standard write needs the opcode, the lock bit, 32 data bits and the 3-bit address
(38 bits total)

* Protected write (PWD bit set) requires a valid 32-bit password between opcode and
data, address bits

* Forthe AOR wake-up command an opcode and a valid password are necessary to
select and activate a specific tag

Note:  The data bits are read in the same order as written.

If the transmitted command sequence is invalid, the T5557 enters reqular-read mode
with the previously selected page (by former opcode ‘10" or 11 e

4517F-HFD-11/03
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‘igure 10. Complete Writing Sequence

Read mode, Write mode

1 Read mode
T55571x : Block
1555701 t Opcode Block data address Programming
/, :mq—-b . o > ‘4-—-—>
! | ‘
P T A L | i
e = .
Block 0 loading  Start gap Lock bit
POR
‘igure 11, T5557 Command Formats
Opcode
Standard wrile |jp L | 1 Data 32 i 2 Addr ©
Protected write l1p b 1 Password 32 IL oo Data 32 E 2 Addr O ;
ADR {wake-up command) l 10 1 Passward 32 J
Direct access {PWD = 1) o~ 1 Password 32 |0 2 Addr 0 |
Direct access (PWD = 0) 19" 0 2 Addr 0 |
Page 0/1 regular read REN
Reset command 00 - * p = page selector
‘assword

When password mode is active (PWD = 1), the first 32 bits atfter the opcode are
regarded as the password. They are compared bit by bit with the contents of block 7,
starting at bit 1. If the comparison fails, the T5557 will not program the memory, instead
it will restart in regular-read mode once the command transmission is finished.

Note:  In password mode, MAXBLK should be set to a value below 7 to prevent the password
from being transmitted by the T5557.

Each transmission of the direct access command (two opcode bits, 32 bits password, ‘0’

bit plus 3 address bits = 38 bits) needs about 18 ms. Testing all possible combinations
(about 4.3 billion) takes about two years.

mswer-On—Hequest When the AOR bit is set, the T5557 does not start modulation in the regular-read mode

AOR) Mode after loading configuration block 0. The tag waits for a valid AOR data stream (“wake-up
command”) from the reader before modulation is enabled. The wake-up command
consists of the opcode {10') followed by a valid password. The selected tag will remain
active until the RF field is turned off or a new command with a different password is
transmitted which may address another tag in the RF field.

AIMEL ;
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able 3. T5557 — Maodes of Operation

PWD | ACR Behavior of Tag after Reset Command or POR De-activate Function
Answer-Oh‘Request (AOR) mode: . - | Command with non-matching password i
1 1 « Medulation starts after wake-up with a maiching password | deactivates the selected ta !
« Programming needs valid password ‘ E i
Password mode: —
1 0 = Modulation in reguiar-reac mode starts after reset

« Programming and direct access needs valid password

Normal made:
0 - » Modulation in regular-read mode starts aiter reset
¢ Programming and direct access without password

igure 12. Answer-On-Request (ACR)} Mode

T55571x

\ T855701 Modulation
Vol 1- Coil2 /
Y

TLoading block 0 No modulation AOR wake-up command (with valid PWD)

because AOR =1
PCR

igure 13. Coll Voltage after Programming of a Memory Block

Coil 1- Coil 2 . : o

i
' \
} | PORY
| 5.6 ms Aead programmed | or | geaq block 1 MAXBLK
- memaory block ‘ S
Write data fo tag Programming and (Block-read mode}  single (Regular-read mode)
data verification gap

io
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Figure 14. Anticollision Procedure Using AOR Mode

Reader Tag

init tags with ;
AOR="1",PWD ="1" O
|

Field OFF => ON

POWER ON RESET

wait for t_ > 2.5ms read configuration

.

Y

enter AOR mode

Y

wait for OPCODE + PWD
=>"wake up command"”

P
Lot

1
\
"Select a single tag”

send OPCODE + PWD | :> Receive damping ON

=> ‘wake up command”

Password correct ?

| YES
Y ¥

decode data < I send block 1.. MAXBLK

| |
R

all tags read ?

11
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*rogramming

Error Handling

zrrors During Writing

Errors Before/During
Programming

12

AIMEL

When all necessary information has been received by the T5557, programming may
proceed. There is a clock delay between the end of the writing sequence and the stan of
programming.

Typical programming time is 5.6 ms. This cycle includes a data verification read to grant
secure and correct programming. After programming was executed successfully, the
T5557 enters block-read mode transmitting the block just programmed (see Figure 13
on page 10}.

Note:  This timing and behavior is ditferent from the e555x-family predecessars.

Several error conditions can be detected to ensure that only valid bits are programmed
into the EEPROM. There are two error types, which lead te two different actions.

The following detectable errors could oceur during writing data into the T5557:

*  Wrong number of field clocks between two gaps (i.e., not a valid *1” or *0' pulse
stream)

+« Password mede is activated and the password does not match the contents of
block 7

»  The number of bits received in the command sequence is incorrect

Valid bit counts accepted by the T5557 are:

Password write 70 bits  (PWD = 1)
Standard write 38 bits  (PWD =0)
AOR wake up 34 bits  (PWD = 1)
Direct access with PWD 38 bits  (PWD = 1)
Direct access 6 bits (PWD =0)
Reset command 2 bits

Page 0/1 regular-read 2 bits_

If any ot these erroneous conditions were detected, the T5557 enters reqular-read
mode, starting with block 1 of the page defined in the command sequence.

If the command sequence was received successfully, the following error could still
prevent programming:

* The lock bit of the addressed block is set already
* in case of a locked block, programming mode will not be entered. The T5557 reverts
to block-read mode continuously transmitting the currently addressed block.

1f the command sequence is validated and the addressed block is not write protected,
the new data will be programmed into the EEPROM memory. The new stale of the block
write protection bit {lock bit) will be programmed at the same time accordingly.

Each programming cycle consists of 4 consecutive steps: erase block, erase verification
{data = ‘0'}, programming, write verification (corresponding data bits = ‘1').

= If a data verification emor is detected after an executed data block programming, the
tag wilt stop modulation (medulation defeat) until a new command is transmitied.

4517F-RAFID-11/03
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igure 15. T5557 Functional Diagram

Power-on reset

* p = page selector L

Setup modes AOR=1,

AOR mode

AOR=0

X

Regular-read mode
Page O Page Oor1

» addr=1. maxblk [*
Block-read mode
-
addr = current
gap command mode - .
Command decode Direct access OP (1p)
i P(11.. .
Modulation defeat| Bn9!® 93P oP(11.) OP (1p) e
_OP{OO) OP(10.) 0P(O1) .
/ Write \
P{1p)*
Reset OP{in) Test-mode
to page 0 if master key <> 6 :
Write ‘
fail - Pl
Number of bits a dalta od >
Password check fail data = oid |
fail data = old |

Lock bit check

Data verification failed Program & Verify ok

X

data = new

I'5557 in Extended In general, the block O setting of the master key (bits 1 to 4) to the value '8’ or ‘9’
Viode (X-mode) together with the X-mode bit will enable the extended mode functions.
* Master key = '?': Test mode access and extended mode are both enabled.

Master key = '6": Any test mode access will be denied but the extended mode is still
enabled.

»

Any other master key setting will prevent the activation of the T5557 extended mode
options, even when the X-mode bit is set.

3inary Bit-rate Generator [n extended mode the data rate is binary programmable 1o operate at any data rate

between RF/2 and RF/128 as given in the formula below.
Data rate = RF/{2n+2)

AIMEL 13
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)TP Functionality If the OTP bit is set to 1, all memory blocks are write protected and behave as if all lock

bits are set to 1. If the master key is set to ‘6’ additionally, the T5557 mode of operation
is locked forever (= OTP functionality).

it the master Key is set to '9’, the test-mode access allows the re-configuration of the tag
again.

igure 16. Block 0 — Configuration Map in Extended Mode (X-mode)
LIt 2 3 415 6 7 8|9 10 1112{13 14 151617 18 192021 22 23 24125 26 27 2B|29 30 31 32
olo v ofoolo| [ [ [ [ [P/ I T[T [] L]
Master Key nS nd n3 nZnind &1 Modulation |PSK- g o MAX- g b
1 Note 1), 2) Data Bit Rate |2 CF |X|O| BLOCK |E |5 | g sl
3 REA2ns2) % 0 0 RF2 AR
- Direct 0 000 OO0 1 RF4 A1
PSKi © 000 1|10 RFB g|-1Si2
0 Unlocked PSK2 0 00101 1 Res gt |~
1 Locked PSK3 000 1 1 T
FSK1 00100 .‘f
FSK2 0010 1 @
Manchester 0 1 0 0 0 I
Biphase (50} 1 0 0 0 O}
Biphase (57) 1 1 0 0 0
1) If Master Key = 6 and bit 15 set. then test-mode access is disabled and extended mode is active
2) If Master Key = 9 and bit 15 set. then extended mode is enabied
‘able 4. T5557 Types of Modulation in Extended Mode
Mode Direct Data Output Encoding Inverse Data Output Encoding
FSK Y FSK/5-/8 ‘0= RF/5; ‘1"=RF/B FSK/8-/5  '0'=RF/8; 1" =ARF/5 {= FSK1a)
FsKath FSKM0-/8 ‘0'=RF/10; “1'=RF/B FSK/8-/10  '0'=RF/8; “1'=RF/10 {= FSK2a)
PSK1@ Phase change when input changes Phase change when input changes I
PSKo@ Phase change on bit clock if input high Phase change on bit clock if input low
pSKae Phase change on rising edge of input Phase change on falling edge of input
Manchester ‘0" = falling edge, '1°= rising edge on mid-bit 1" = falling edge, '1'= rising edge on mid-bit
Biphase 1 (’50) '1" creates an additional mid-bit change ‘0" creates an additional mid-bit change
Biphase 2 ('57) '0' creates an additional mid-bit change ‘1" creates an additiona! mid-bit change
NRZ '1’= damping on, ‘0'= damping off ‘0’= damping on, “i'= damping off

Jofes: 1. A common multiple of bitrate and FSK frequencies is recommended.
2. In PSK mode the selected data rate has 1o be an integer multiple of the PSK sub-carmier frequency.
14 T5557
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>equence Start Marker Figure 17. T5557 Sequence Start Marker in Extended Mode

Sequence Start Marker
i

Block reag mode | 10 | Blockn 07’ Blockn I’Q[ Blockn 01| Biockn |10] Slockn 01

—_— , . o
/ i : ]
Regular-read mode|1o| Block 1 | Block 2 ,;f, MAXBLK |01 Block1  Block2 /{ MAXBLK 10

The T5557 sequence start marker is a special damping pattern, which may be used to
synchronize the reader. The sequence start marker consists of two bits {'01’ or '10')
which are inserted as header before the first block to be transmitted if the bit 29 in

extended mode ist set. At the start of a new block sequence, the value of the two bits is
inveried.

nverse Data Output The T5557 supports in its extended mode {X-mode) an inverse data cutput option. If
inverse data is enabled, the modulator as shown in Figure 18 works on inverted data
(see Table 4 on page 14). This function is supported for all basic types of encoding.

Figure 18. Data Encoder for Inverse Data Ouiput

-— PSX1 —
|| PSKz L
PSK3
Intem oul
Syne XOR DirectNAZ Cata oulpud
Mux >
Data clock CLK — FSK1 |
=] | FSK2 _—
1 Manchester e
— Biphase -
inverse dala oulput Modulator
~ast Write In the optional fast write mode the time between two gaps is nominally 12 field clocks for

a ‘0 and 27 field clocks for a *1’. When there is no gap for more than 32 field clocks after
a previous gap, the T5557 will exit the write mode. Please refer to Table 5 and Figure §

on page 7.
Table 5. Fast Write Data Decoding Schemes
Parameters Remark Symbaol Min. Max. Unit
Starl gap - Sgap 10 50 FC
) Normal write mode Wnigap B 30 FC
Write gap -
Fast write mode Wi, 8 20 FC
Write data in 0’ data 4 16 31 FC
normal mode 1’ data d, 48 63 FC
Write data in fast 0" data dy B 1 15 FC
mode ‘1" data d, 24 31 FC

AIMEL 15
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Figure 19. Example ot Manchester Coding with Data Figure 20. Example of Biphase Coding with Data Rate
Rate RF/16 RF/I16

1
9 1681 H
” [ ‘ H[ o 16
1
164

12 13
1

H 9
9

1
1 [}
1
! n
1 -a ‘“W[ml”ﬂ.

16

181

C
1 [
M“m-”ﬂ» | | ”N“MNNN“ |
0

B FC

8 FC
3 1

16 Field Clocks (FC)
L]

16 fialg Clocks (FC}

1
Dala rate =
B FC
12 B
o qﬂ“m”ﬂ.”—”ﬂ
1
Data rate =
.. BFC
v 2 1)
h l.l-““lﬂ”lm”ﬂ

\nverted modulator

signal
Manchoster codad

Data stragm

Oata stream
Invortod modulator
signal
Biphase codaed

16

4517F-RFID--11/03



Figure 21. Example: FSK1a Coding with Data Rate
RF/40, Subcarrier fy = RF/8, f, = RF/5
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Data rate=
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fy= RF/5

signal
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Figure 22. Example of PSK1 Coding with Data Rate
RF/16
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Figure 24. Example of PSK3 Coding with Data Rate

Figure 23. Example of PSK2 Coding with Data Rate
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Absolute Maximum Ratings

stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device, This is a stress rating
»nly and functional operation of the device at these or any other conditions beyond those indicated in the operational sections of this
specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability.

Parameters Symbol Value Unit
Maximum DC cumrent into Coil 1/Coil 2 Jeai ' 20 mA
Maximum AC cument into Coil 1/Coil 2 | 20 A
{ =125 kHz colp m
Power dissipation (dice)
{free-air condition, time of application: 1 s) P 100 mw
Electrostatic discharge maximum to
MiL-Standard 883 C method 3015 Vinax 4000 v
Operaling ambient temperature range Tamb -40 to +85 °C
Storage temperature range (data retention reduced) Teg -40 1o +150 °C
zlectrical Characteristics
famp = ¥25°C; ) = 125 kHz; unless otherwise specitied
No. | Parameters Test Conditions Symbol | Min. Typ. Max, Unit Type*
1 RF frequency range fre | 100 125 150 kHz
Tomy = 25°C0 |
2.4 (see Figure 24 on page ! 1.5 3 HA T
Supply current 18) i
| (without current _ i
22 | consumed by the rﬂaiai full temperature loo ‘ 5 4 uA Q
external LC tank circuit} g _ ‘
23 Programming full o5 40 "A Q
femperature range .
: POR threshold ‘
31 (50 mV hysteresis) 32 36 4.0 v Q
3.0 Coil voltage (AC supply) Read modg) and write Veail oo 6 Ve Y Q
command ‘ |
3.3 Program EEPROM @ i 8 Votamp Y Q |
4 Start-up time Veipp=6V tstariup 2.5 3 ms Q
10 mA curent into | i
5 Clamp voltage Coil 1/2 Veiamp | 17 i 23 v T 5

"} Type means: T: direcily or indirectly tested during production; Q: guaranteed based on initial product qualification data

Notes: 1.

defeat. Ing = (Vourmax - Vouk/R
2.

characteristics are defined by the internally limited supply voltage (= minimum AC coil voltage)

on uncutted wafer) delivery.

3. Vieg measurement setup: R = 2.3 k; Vg x = 3 Vi setup with modulation enabled (see Figure 25 on page 20).
Since EEPROM performance is influenced by assembly processes, Atmel confirms the parameters for DOW (tested dice

lpp measurement setup R = 100 k; Vg = Ve = 5 V: EEPROM programmed to 00 ... 000 (erase all); chip in modulation

Current into Coil 1/Coil 2 is limited to 10 mA. The damping circuitry has the same structure as the e5550. The damping

5. The tolerance of the on-chip resonance capacitor C, is +10% at 3c over whole production. The capacitor tolerance is

+3% at 3G on a wafer basis.

6. The tolerance of the microcodule resonance capacitor C, is +5% at 3g over whole production.

517F-BFID-11/03
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=lectrical Characteristics

s, = +25°C; foqn = 125 kHz; unless otherwise specified
No. | Parameters Test Conditions Symbol | Min. Typ. Max. Unit TType‘ ]
6.1 Veaigp = & V 0n test circuit V mod o LA i 48 v T
] generator and : - ) 7 T
6.2 | Modulation parameters | modulation ON® | med pp 400 600 HA T
6.3 | Thermal stability Voo Tame I mvsC Q|
| From jast command gap )
7 Programming time to re-enter read mode Throg 5 57 6 ms T
(64 + 648 internal clocks)
8 | Endurance Erase alt / Write allt® Peyele 100000 | | Cycles Q
9.1 Top = 55°Ct Veerntion 10 20 50 Years
9.2 | Data retention Top = 150°CH tetention 96 hrs T
9.3 Top = 250°CH Yetention 24 hrs
Resonance capacitor Mask optiont® C, 70 78 86 pF T
i C
114 $apac;tance tolerance ¢ 3135 330 2465 pF T
Microdule capacitor amb
11.2 | parameters Temperature coefficient TBD TBD TBD TBD TBD TBD
113 TBD TBD 78D TBD TBD TBD

) Type means: T: directly or indirectly tested during production; Q: guaranteed based on initial product qualification data

Notes: 1.

“igure 25.

20

defeat. lnp = (Voutmar = Vo

2. Current into Coil 1/Coil 2 is limited to 10 mA. The damping circuitry has the same structure as the e5550. The damping
characteristics are defined by the internally limited supply voltage (= minimum AC coil voltage)

W

on uncuited wafer) delivery.

5, The tolerance of the on-chip resonance capacitor C, is +10% at 3o over whole production. The capacitor tolerance is
+3% at 3¢ on a wafer basis. -

6. The tolerance of the microcodule resonance capacitor C, is +5% at 3 over whole production.

OUTmax

T5557

Measurement Setup for lgpand V4

CLK

—

Substrate

R BATG8
— 1 l
- i Coil 1
50
+ T5557
70 )
o Coil 2
BAT68

. Vinea Measurement setup: A = 2.3 k; Vg ¢ = 3 V; setup with modulation enabled (see Figure 25 on page 20).
Since EEPROM performance is influenced by assembly processes, Atmel confirms the parameters for DOW (tested dice

Ipp Measurement setup R = 100 k; Vo = Veaa = 5 Vi EEPROM programmed to Q0 ... 000 (erase ail); chip in modulation

4517F-RFID-11/03



Jrdering Information®

Ts557|a biMc ¢

XXX

Package
- DDW
-DOT
- DBW

- TAS
- PAE

- Dice an wafer, 6" un-sawn wafer, thickness 300 pm

- Dice in Tray (watlle pack). thickness 300 um

- Dice on solder bumped wafer, thickness 330 um
Sn83Pb37 on 5 um NifAu, height 70 ym

- 508 Package

- MOAZ Micro-Module

Drawing

see Figure 27 on page 23
see Figure 28 on page 23
see Figure 31 on page 26
see Figure 29 on page 24

Customer 1DY)

- Atmel standard (corresponds to “00")
)

MO1 - Customer "X' unique ID code
1 - 2 Pads without on-chip C see Figure 26 on page 22
14 - 4 Pads with on-chip 75 pF see Figure 27 on page 23
15 - Micro - Module with 330 pF see Figure 29 on page 24
01 - 2 Pads without €; Damping during initialisation see Figure 26 on page 22

T5557

lotes: 1. Unique customer iD ¢code programming according to Figure 5 is linked to a minimum order quantity of 1 Mio parts per year.
2. For available order codes refer to Atmel Sales/Marketing.

Jrdering Examples
Recommended)

Available Order Codes

T555711-DDW  Tested dice on unsawn 67 wafer, thickness 300 um, no on-chip

capacitor, no damping during POR initialisation;
especially tor IS0 11784/785 and access control applications

T555711-DDW, DT, TAS
T555714-DDW, DBW, TAS
T555715-PAE

517F-RFID-13/03
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EM4095

Read/Write analog front end for 125kHz RFID Basestation

Description

The EM4095 {previously named P40%3) chip is a CMOS
integrated transceiver circuit intended for use in an RFID
basestation to perfonm the following functions:

- antenna dnving with carrier frequency

- AM modulation of the field for writable transponder

- AM demodulation of the antenna signal modulation
induced by the transponder

communicate with a microprocessor via simple interface.

Features

= Integrated PLL system to achieve self adaptive
carrier frequency to antenna resonant frequency

= No external quartz required

= 100 to 150 kHz carrier frequency range

= Direct antenna driving using bridge drivers

= Data transmission by OOK (100% Amplitude
Modulation) using bridge driver

Typical Operating Configuration

Read Only Mode
ROYICLK >
1 16 F— Cocs
7 i C;:.‘J
2 15 |
3 14 feSHD -
{ DEMCD Ol
L "5Vt ] ¢« EMags 13 [Porel-OU
{‘:L"' 5 1z [-MOD “P
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— [ 13 fmmn
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:. —s al—
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Fig. 1
Read/Write Mode
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= Data transmission by Amplitude Modulaticn with

externally adjustable modulation index using single

ended driver

*  Muitiple transponder protocol compatibility

(Ex: EM400X, EM4050. EM4150, EM4070. EM4170,

EM4069 )

= Sleep mode 1uA

* USB compatible power supply range
= 40to +85°C temperature range
»  Small outline plastic package SO16

Applications

= Car immobiliser
* Hand held reader
» Low cost reader

Pin Assignment

VSS
ROY/CLK
ANT}
DvDD
DVSS
ANT2

VDD
DEMCD_IN

S016
= 0 D2
. O FCAP
O M SKHD
0 [ DEMOD_OuT
& [T MOD
= 0 AGND

M CDEC_IN

'é 0 CDEC_CUT
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EM4095

System principle

Transponder Transceiver
R/MW configuration
ROY/CLK N
. : 1 16 ;_JCDC?
. Coil1 - - Ce
—2 15 p—1—F
ead Only T “ o
T and o T oisya DEMOD_OUT,
W Chif £V 'EM4095 P [ hon 1P
7 Cpps T Corona
L v | NE
CW!? ? 10 1coec
S 3
CMT
DOWNLINK
Signal on
Transponder coil
Signal on
Transceiver coil
Signal on
Transponder coil
RF Canier Dara/ RF Camer

Fig. 4
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Absolute Maximum Ratings

Parameter Symbeal | Conditions
Slorage temperature Tsro -55 to +150°C
Maximum voltage at Voo Voomax VstV
Minimum voltage at Vigp Voomin Vss -0.3V
Max. voltage other pads Viiax Vop +0.3V
Min. voltage other pads Vi Vsg -0.3V
Max. junction temperature T jax +125°C
Electrostatic discharge max.

to MIL-STD-883C method | Vi, 4000V
3015 against Vss

Electrostatic discharge max.
to MIL-STD-883C method Vesp anT 10000V
3015 {only for pins ANT1 -
and ANT2) against Vss
Maximum Input/Output
current on all pads except D
VpoD. Vss. DVpp. Dvss, Lomax 10mA
ANT1, ANTZ, RDY/CLK

Maximum AC peak current
on ANT1 and ANT2 pads L anTmax 300mA
100 kHz duty cycle 50%

Stresses above these listed maximum ratings may cause
permanent damages to the device. Exposure beyond
specified operating conditions may affect device reliability
or cause malfunction.

EM4095

This device has built-in protection against high static
voltages or electric fields. however, anti-static precautions
must be taken as for any other CMOS component. Unless
otherwise specified, proper operation can only occur when
all terminal voltages are kept within the voltage range.
Unused inputs must always be tied to a defined logic
voltage level.

Operating Conditions

Parameter Symb | Min § Typ | Max | Units
Operating junction T, -40 +110| °C
temperature

Supply voltage Voo 4.1 5 55 v
Antenna circuit Fres | 100 [ 125 | 150 | kHz
resonant frequency

AC peak currenton | L, 250 | mA
ANT1 & ANT2 pads

Creap * 10 - nF
Coec * 100 * nF
Cocz i R nk
Cagnp 100 220 nF
Package thermal Rm;a | 69 | 70 71 | "CW

resistor SO16

* +10% tolerance capacitors should be used

=* According to 152P JEDEC test board

Due to antenna driver current the intemal junction temperature is
higher than ambient temperature. Please calculate ambient
temperature range from max. antenna current and package
Thermal Resistor. It is the user's responsibility to guarantee thal
T, remains below 110°C.

Supply voltage (V, and DV, pads) mus! be blecked by a 100nF

capacitor (o V_ } as close as posstble to the chip

Copyright © 2002, EM Microelectronic-Marnin SA
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EM4095

Electrical and Switching Characteristics:
Parameters specified below are valid onty in case the device is used according to Operating Conditions defined on previous

page.

Vs5=Dhvss=0V, Voo =Dhvop = 5V, T, = -40 to 110°C, unless otherwise specified

Parameter Symbol | Test Conditions Min Typ Max Units
Supply current in sleep mode l=ossen 4 2 HA
Supply current excluding dnvers fooon 3 7 mA
current

AGND level Viano | Note 2.35 25 2.65 v
Logic signals SHD, MOD,

DEMOD_OUT

input logic high Via 0.8Voo \4
Input logic low Vi 0.2Veo v
Output logic high Vom lyouree=1MA 0.9Vop Y
Output logic low Vo lg = 1MA C.1Vpo v
MOD pull down resistor Rep | 0-2Vio 20 50 90 k)
SHD pull up resistor Ray 0.8Vop 20 S0 20 kO
PLL

Antenna capture frequency range Fanr o 100 150 kHz
Antenna locking frequency range ANT L 100 150 kHz
Drivers

ANT drivers output resistance Raio [ r=100mMA 3 9 Q
RDY/CLK driver output resistance RaL LovcLe= TOMA 12 36 19
AM demodulation

DEMOD_IN common mode range Vem Vss + 0.5 Vop-0.5 Vo
DEMOD_IN input sensitivity Viense | Note 2 0.85 2 mVpp

Note 1: Agnp is @ EM4095 internal reference point. Any externai connection except specified capacitor to Vss may lead to

device malfunction.

Note 2: Medulating signal 2Khz square wave on 125 kHz carrier, total signai inside V,,,

T Vsense

Copyrigh! ©@ 2002, EM Microelectronic-Marin SA
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Parameters specified below are valid only in case the device is used according to Operating Conditions defined on previous
page.
Vs5=Dvss=0V, Vop=Dvpg = 5V

Parameter Symbol | Test Conditions Typ Max Units

Set-up time after a sleep period Tset 25 35 ms

Time from full power to modulation Tmdon | @ntenna circuit specifications: 50 s

state Q=15 FREs=125Khz H
modulation index: 100%

AM demodulation; Delay time from Ted Modulating signal 2Khz square 40 100 us

input to output wave 10mVpp

Recovery time of reception after Trec Note 1 : 400 500 HS

antenna modulation

Note 1: RF period is time of one period transmitted on ANT outputs (at 125 kHz 8ps). Trec after antenna modulation

receiver chain is ready to demodulate, The condition is of course that the amplitude on antenna has already reached its
steady state by that time (this depends on Q of antenna). See also Application Notes.

Block Diagram

VDD —  toali blocks |

l ;
h 4 h 4 h 4

I
V5SS to alf blacks
— ——————»
SHD —»! toallblock kol Isastritvdi el ' RPYIEHK
\ o all blocks AGND 1o all blocks DETECTION[#——— ]
AGND | & READY o= i
] i [
\
I ‘
FCAP : | LOCK ‘ f bvbb
I
| P WY
o woor { | | wvcoa ANTENNA | ANT1
| FILTER SEQUENCER DRWVERS [ o | , ANT2
I 7y " !
| . i i
e seHALD \ L+ puss
MOD —‘w: » SYNCHRO| ; : | I
: |
| : |
| |
| |
| |
N

DMOD_IN » SAMPLER

— FLTER ~COMPARATOR—IL-—> DMOD_QUT

1
|
|

CDEC_QUT CDEC_IN DcC2

Fig. 5
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Functional Description

General

The EM4095 is intended to be used with an attached
antenna circuit and a microcontroller. Few external
components are needed to achieve DC and RF fiitering,
current sensing and power supply decoupling.

A stabilised power supply has to be provided. Please refer
to EM4095 Application Notes for advice.

Device operation is cantrolied by logic inputs SHD and
MOD. When SHD is high EM4095 is in sleep mode,
current consumption is minimised. At power up the input
SHD has to be high to enable correct initialisation. When
SHD is low the citcuit is enabled 1o emit RF field, it starts
to demodulate any amplitude modulation {AM) signal seen
on the antenna. This digital signal coming from the AM
demodulation block is provided through DEMOD_OUT pin
to the microcontroller for decoding and processing.

High level on MOD pin forces in tri-state the main antenna
drivers synchronously with the RF carrier. While MOD is
high the VCO and AM demedulation chain are kept in
state before the MOD went high. This ensures fast
recovery after MOD is released. The switching ON of
VCO and AM demodulation is delayed by 41 RF clocks
after falling edge on MOD. In this way the VCO and AM
demodulation operating points are not perturbed by start-
up of antenna resonant circuit.

Analog Blocks

The circui{ performs the two functions of an RFID
basestation, namely: transmission and reception.
Transmission involves antenna driving and AM
modulation of the RF field. The antenna drivers deliver a
current into the external antenna to generate the magnetic
field.

Reception involves the AM demodulation of the antenna
signal modulation indugced by the transponder. This is
achieved by sensing the absorption modulation applied by
the tag (transpender).

Transmission
Referring to the block diagram, transmission is achieved
by a Phase Locked Loop {PLL) and the antenna drivers.

EM4095

The antenna dnvers supply the reader basesiation
antenna with the appropriate energy. They deliver current
at the resonant frequency which is typically 125 kHz
Current delivered by drivers depends on Q of external
resonant circuit.

It is strongly recommended that design of antenna circuit
is done in a way that maximum peak cucrent of 250 mA is
never exceeded (see Typical Operating Configuraticn for
antenna current calculation). Another Limiting factor for
antenna current is Thermal Convection of package.
Maximum peak current should be designed in a way that
internal junction temperature does not exceed maximum
junction temperature at maximum application ambient
temperature. 100% modulation (field stop) is done by
switching OFF the drivers. The ANT drivers are protected
against antenna DC short circuit to the power supplies.
When a shor circuit has been detected the RDY/CLK pin
is pulled low while the main driver is forced in tn-state.
The circuit can be restaried by activating the SHD pin.

Phase locked loop

The PLL is composed of the loop filter, the Voltage
Controlled Oscillator (VCO), and the phase comparator
blocks. By using an external capacitive divider, pin
DEMOQOD_{N gets information about the actual high voitage
signal on antenna.

Phase of this signal is compared with the signal driving
antenna drivers. Therefore the PLL is able to jeck the
carrier frequency to the resonant frequency of the
antenna. Depending on the antenna type the resonant
frequency of the system can be anywhere in the range
from 100 kHz to 150 kHz. Wherever the rescnant
frequency is in this range it will be maintained by the
Phase Lock Loop.

Reception .

The demodulation input signal for the reception block is
the voltage sensed on the antenna. DEMQD_IN pin is
also used as input to Reception chain. The signal level an
the DEMOD_IN input must be lower than VDD-0.5V and
higher than VSS5+0.5V. The input level is adjusted by the
vse of an exiernal capacitive divider. Additional
capacitance of divider must be compensated by
accordingly smaller resonant capacitor. The AM
demodulation scheme is based on the "AM Synchronous
Demodulation” technique.

The reception chain is composed of sample and hold, DC
offset cancellation, bandpass filter and comparator. DC
voltage of signal on DEMOD_IN is set to AGND by
internat resistor. The AM signal is sampled, the sampling
is synchronised by a clock from VCO. Any DC component
is removed from this signal by the CDEC capacitor.
Further filtering to remove the remaining carrier signal,
high and low frequency noise is made by second order
highpass fiter and CDC2. The amphfied and filtered
receive signal is fed to asynchronous comparator.
Comperator  output is  buffered on output pin
DEMOD_OUT.

Copyright © 2002, EM Microelectronic-Marin SA

6 www . emmicroelectronic.com



EM4095

Signal RDYICLK

This signal provides the external microprocessor with
clock signal which is synchranous with the signal on ANT)
and with information about EM40S5 internal state. Clock
signal synchronous with ANT1 indicates that PLL is in lock
and that Reception chain operation point is set. When
SHD is high RDY/CLK pin is forced low. Afer high to low
transition on SHD the PLL staris-up. and the reception
chain is switched on. After time Tser the PLL is locked and
reception chain operation point has been established At
this moment the same signal which is being transmitted to
ANT1 is also put to RDY/CLK pin indicating to
microprocessor that it can start observing signal on
DEMOD_OUT and giving at the same time reference
clock signal. Clock on RDY/CLK pin is continuous, it is
also present during time the ANT drivers are OFF due to
high level on MOD pin. During the time Tser from high to
low transition on SHD pin RDY/CLK pin is pulled down by
100 kQ pull down resistor. The reason for this is in
additional functionality of RDY/CLK pin in case of AM
modulation with index which is lower then 100%. In that
case it 13 used as auxiliary driver which maintains lower
amplitude on coil during modutation. {see also Typical
Operating Configuration)

Remark: Please refer to AN40S5 for external components
calculation and limits,

Typical Operating Configuration

Read Only Mode

‘ RIYIGLK N
| Coc
E 1 16 —i}E—--_
H 15 Fear_
3 14 SHD -
- : DEMOD_OUT |
+5\" 4 13 f———==
oY , EM40s5 [ "yop uP
t Coes T . n Cogus™
CDW% HV T e “;;Cx:
——ta ) T
Cove™=

Fig. 5
Read/Wnte mode {Low Q factor antenna)
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r e B
2 15 e
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0,V emages ® MOD M
b 5 12
cl:F!ES 5 1 #_{1 Cno-cn
I+5vt_ i —
Caw—[ T L h__!:r_cuer,
c Ji B e
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Fig. 7

Read/Mrite mode (High Q factor antenna)

‘ RDY/CLK ]
t 1 g ._._Pﬁ_
R 2 ‘4 ibA
Rl wpeSHD —
Ay ., |DEMOD_out|
wha 71, EM409s | | Mop juP
5 Gres” Cague
-—-i—— B v ——
Crpre=s v, Tt—C:
—ln g —
Cnvzf
Fig. 8
Read/MWrnite mode (AM modutation)
RDY!CLK >
C
1 15 {2
E&‘ 'L-" 2 15 __1|l CF[‘_AP
K[‘*__ ) v leSHD *
DEMOD_0Ou
oV Emaoes® *——%LM = P
r s 12 4?‘—A—_
Coes 1 6 1 el
o— 5 : -
CW% v ? m jnec
e K g b .
il
vz
Fig. 9

Figure 6 presents EM4095 used in Read Only mode. Pin
MOD is not used. It is recommended to connect it to VSS.

Figure 7 presents typicai RMW configuration for QOX .
communication protocol reader to transponder (eq.
EMA4150}. It is recommended to be used with low Q factor
antennas {up to 13).

When the antenna guality is high using configuration of
figure 6 or 7 the voltage on antenna can arrive in the
range of few hundred volts and antenna peak current may
exceed #s maximum value. In such a case the capacitive
divider ratio has to be high thus limiting the sensitivity. For
such case it is better to reduce antenna circuit quality by
adding senal resistor. In this way the antenna current is
lower and thus power dissipation of IC is reduced with
practically the same performance (Fig. 8).

in the case AM modulation communication protocol
reader to transponder {(eg. EM4069) is needed a single
ended configuration has to be used (figure 9). When pin
MOD is pulled high driver on ANT? is put in three state,
dnver RDY/CLK continues driving thus maintaining lower
antenna current. Modulation index is adjusted by resitor
Rau. As mentioned above RDY/CLK sigral becomes
active only after the demodulation chain operating point is
set.

Before it is pulled down by high impedance pull down
resistor (100 k) in order not to load ANT1 output. In the
case of AM modulation configuration the total antenna
current change at the moment RDY/CLK pin becomes
active, so external microprocessor has to wait another
Tserbefore it can start observing DEMOD_OUT.

Copyright © 2002, EM Microelectronic-Marin SA

7 www emmicroelectronic.com



EM4095

Read Only mode with external peak detecior

RDY/CLK ]
Ien 1
—1 2z
Pkt ]
e +5+ 4
Ll ~1* Emaoss P
£ [T P 12 | MOD H
G G
S B " ”C -
| Ay n - -
ECDV!% rave 7 a TR
————18 9 :
Chpms
ovz
I ' MDI.
- C1= _Ri1
Fig. 10
ReadMrite mode with external peak detector
RDY/CLK
—! 16 4‘*%
I e
z 15 ‘,_.‘._L:";
5 14 JeSHD —
C sy DEMOD_oOUT
4 13 — .
f‘(:LA — 5 EMA4035: ' MOD uP
E __" C-‘-_":
WCo
? - i
8 L
D1, .,
cC1= _R1
Fig. 11

As mentioned above for high Q antennas the voltage on
antenna is high and read sensitivity is limited by
demcdulater sensitivity due to capacitive divider. Read
sensitivity {(and thus reading range) can be increased by
using external envelope detector circuit tnput is taken on
antenna high voltage side output is directlly fed to
CDEC_IN pin. However. the capacitor divider is stili
needed for PLL locking. Such configuration is shown in
figure 5, the envelope deteclor is foimed by three
components: D1, Rt and C1.

The configuration presented in figure 9 may also be used
for read write applications but it has a drawback in the
case fast recovery of reading is needed afler
communication reader to transponder is finished. The
reason is in fadt that DC voltage after diode D1 is lost
during modutation and it takes very long time hefore it is
established again.

Figure 10 presents a solution to that problem. A high
voltage NMOS transistor blocks the discharge path durng
modulation, so operating peint is preserved. The signal
controlling NMOS gate has to be put low synchroncusly
with signat MOD, but it can be put high only after the
amplitude on antenna has recovered after modulation.

PCB Layout
Refer to "EM4095 Application Note" {(App. Note 404)

Copyright © 2002, EM Microelectronic-Marin SA
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Pin Description

SOIC 16 package

Pin | Name Description Type
1 Vss Negative power supply (substraig) GND
2 ROY/CLK Ready flag and clock output, driver for AM modulation @]

3 | ANTH Antenna driver 0O

4 Ovon Pesitive power supply for antenna drivers PWR
5 | Dvss Negative power supply for antennza drivers GND
6 |ANT2 Antenna driver 0O

7 Voo Positive power supply PWR
8 | DEMOD_IN Antenna sensing voliage ANA
g |CDEC OUT ‘DC btecking capacitor connection « out » ANA

10 |CDEC_IN DC blecking capacitor connection « in » ANA
11 | Acno Analog ground ANA
12 | MQOD A High level voltage medulates the antenna IPD
13 | DEMOD_QUT | Digital signal representing the AM seen on the antenna Q
14 | SHD A High level voltage forces the circuit into sleep mode U
15 | FCAP PLL Loop filter capacitor ANA
16 [ DC2 DC decoupling capacitor ANA

GND:  reference graund PWR:  power supply ANA:  analog signal

IPD:; input with intemal pull down IPU; input with intemal pull up O: output

Package and Ordering Information

Dimensions of SOIC 16 Package (table in millimeters)

i Common Dimensions {(mm)
é. %jn o e Symbol Min Nom Max
SHHH A N — A 155 763 173
. " Faa ' ] L '—-' Al 0.127 0.15 - 025
o e B 0.35 0.41 0.49
: C 619 020 025
D 9.80 9.93 9.98
E 381 3.94 3.99
H 5.64 599 65.20
L 0.41 064 0.89

Qrdering Information
Please make sure (o give the complete part number when ordering.

Fig. 12

The EM4095 is available in the following package:

Detivery
Part Number Package Form
EM4095HMSO16A SOIC 16 package stick
Product Support

Check our Web Site under Products/RF |dentification section.
Questions can be sent to cid@emmicroelectronic.com

Copyright @ 2002, EM Microelectronic-Marin SA
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Appendix

Equations

Antenna resonant frequency fo:

;
fo=Tr— (M
’ 27 L,C,

Where Co is resonant capacitor composed of Cres, Covi
and Caya:

*(C .
Cy == Crp + Con*Cois @)
CDV[ +CDI'2

Usually antenna coil is specified by its inductance (La) and
Q factor (Qa). Serial resistance of antenna is defined by
following equation:

2af, L
Ry = QO 4
4

The equations which follow are valid for bridge
configuration as defined on Figures 1, 2 and 3. Fer figures
1 and 2 Rsegr has to be considered 0.

&Y

The AC current amplitude at resonant frequency is
defined as follows:

4 v, -V
1 . — dded A5

- TR+ Ry +2R

(4)

RMS antenna current (imporant far power dissipation
calculation):

Peak to peak voltage on antenna is defined by following
equation’

I ANY

ANTpr - (6)

Ca,C,

To ensure correct operation of the AM demoduiation
chain, the AC peak to peak voltage on DEMOD_IN pin
(Vomoo mpe) has to be inside common mode range. Once
peak to peak vollage on antenna is known the capacitor
divider division factor can be calculated:

y LT/ S
DMOD _INpp — " ANTpp C C 7)
D + (2L

Power dissipation is composed of power dissipated on
ANT drivers and internal power consumption:

2
P=2dpy  Rp+ IDDon(VDI - VSS) (7

Temperature increase of die due to power dissipation is:
AT =P-R,, (8)

Where Ry is Package thermal resistor,

EM Microelectronic-Marin SA cannot assume respansibility for use of any circuitry described other than circuitry
entirely embodied in an EM Microelectronic-Marin SA product. EM Microelectronic-Marin SA reserves the right to
change the circuitry and specifications without notice at any time. You are strongly urged to ensure that the
information given has not been superseded by a more up-ta-date version.

© EM Microelectronic-Marin SA, G7/02, Rev. £/490
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SN65176B, SN75176B
DIFFERENTIAL BUS TRANSCEIVERS

SLLS101D — JULY 1985 - REVISED APRIL 2003

Bidirectional Transceivers

Meet or Exceed the Requirements of ANSI
Standards TIA/EIA-422-B and TIA/EIA-485-A
and ITU Recommendations V.11 and X.27

Designed for Multipoint Transmission on
Long Bus Lines in Noisy Environments

3-State Driver and Receiver Outputs
Individual Driver and Receiver Enables

Wide Positive and Negative Input/Output
Bus Voltage Ranges

Driver Output Capability . . . £60 mA Max
Therimal Shutdown Protection

Driver Positive and Negative Current
Limiting

Receiver Input Impedance ... 12 k{} Min
Receiver Input Sensitivity . . . 1200 mV
Receiver Input Hysteresis . .. 50 mV Typ
Operate From Single 5-V Supply

description/ordering information

SNES176B ... D OR P PACKAGE
SN75176B ... D, P, OR PS PACKAGE

(TOP VIEW)
_R{+ 8] Vee
RE[] 2 7[]B
DE[] 3 s[]A

D[] 4 s [) GND

The SN65176B and SN75176B differential bus transceivers are integrated circuits designed for bidirectional
data communication on multipoint bus transmission lines. They are designed for balanced transmission lines
and meet ANSI Standards TIA/EIA-422-B and TIA/EIA-485-A and ITU Recommendations V.11 and X.27.

The SN65176B and SN75176B combine a 3-state differential line driver and a differential input line receiver,
both of which operate from a single 5-V power supply. The driver and receiver have active-high and active-low
enables, respectively, that can be connected together externally to function as a direction control, The driver
differential outputs and the receiver differential inputs are connected internally to form differential input/output
(1/O) bus ports that are designed to offer minimum loading to the bus when the driver is disabled or Vg = 0.
These ports feature wide positive and negative common-mode voltage ranges, making the device suitable for

party-line applicaticons.

ORDERING INFORMATION

Ta PACKAGEY PART NUMBER MARKING
PDIP (P) Tubeof50 | SN75176BP SN751768P
PCto70°C | SOIC (D) Tube of 75 SN751768D 751768

Reelof 2500 | SN75176BDR

SOP (PS) Reel of 2000 | SN75176BPSR 1768

PDIF (7) Twbeof50 | SNe5176BP SNB51768F

—40°C to 105°C Tubeof 75 | SN85176BD

SOIC (D) 651768

Reel of 2500 | SNG51768DR

T Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are

available at www.ti.com/sc/package.

Please be aware that an important notice conceming availability, standard warranty, and use in critical applications of
Texas Instruments semicondustor products and disclaimers thereto appears at the end of this data sheet.

PRCDUCTICN DATA irdormation [s current ss of publication dste.
Products

standard warranty, F
mnngd‘:llm

eonform to specicatlions per the bems of Texss netrumentsy

pr 2 doea nol ity Enchude

*ﬁ‘ TEXAS
INSTRUMENTS

Copyright @ 2003, Texas Instruments Incorporated

On products compllant to MIL-PRF-38535, all parameters are teated
uniess otherwiss noted On all other
P ing doea not

,

products, production
ity Include testing of all paremetens.
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SN65176B, SN75176B
DIFFERENTIAL BUS TRANSCEIVERS

SLLS101D = JULY 1985 - REVISED APAIL 2003

description/ordering information {continued)

The driveris designed for up to 60 mA of sink or source current. The driver features positive and negative current
limiting and thermal shutdown for protection from line-fault conditions. Thermal shutdown is designed to occur
at a junction temperature of approximately 150°C. The receiver features a minimum inputimpedance of 12 kQ,
an input sensitivity of £200 mV, and a typical input hysteresis of 50 mV.

The SNB65176B and SN75176B can be used in transmission-line applications employing the SN75172 and
SN75174 quadruple differential line drivers and SN75173 and SN75175 quadruple differential line receivers.

Function Tables

DRIVER
INPUT | ENABLE | OUTPUTS
D DE A B
H H H L
L H L H
X L Z Z
RECEIVER
DIFFERENTIAL INPUTS | ENABLE | outpur
A-B RE R
Vipe02V L. H
02V<Vip<02V L ?
Vips-02V L L
X H z
Open L ?
H = high jevel, L = low level, 7 = indeterminate,
X =irrelevant, Z = high impedance {off}
logic diagram (positive logic)
DE
D
RE
R Bus

“-’P TeEXAS
INSTRUMENTS

2 POST OFFICE BOX 655303 ® DALLAS, TEXAS T5265



SN65176B, SN75176B
DIFFERENTIAL BUS TRANSCEIVERS

SLLS101D —JULY 1985 - REVISED APRIL 2003

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT TYPICAL OF A AND B YO PORTS TYPICAL OF RECEIVER OUTPUT
Vee —— Yce - * Vee
85Q
Rieq) NOMm
Input
]
—— Output
— GND
Driver input: R(eq) =3 k2 NOM Input/Output
Enable inputs: Rieq )= 8 ki NOM Port
R(eq) = Equivalent Resistor

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)?

Supply voltage, Voo (See NOte 1) L. i e e e e e 7V
Voltage range atany busterminal ... e -10Vtoi15V
Enable input voltage, Vi .. ... e e e 55V
Package thermal impedance, 6 (see Notes2and 3): Dpackage ................. oooions, g7°C/wW

Ppackage .......c...ooivviina ... 85°C/W

PSpackage ................. it 95°C/W
Operating virtual junction temperature, T ... ..o i 150°C
Lead temperature 1,6 mm {1/18 inch} from case for 10seconds ................ . oo ien. .. 260°C
Storage temperature range, Tgtg - - -« oo v rv e et ~65°C 1o 150°C

t Stresses beyand those listed under “absolute maximurn ratings” may cause permanent damage to the device. These are stress ratings only, and
functionai aperation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure ta absolute-maximum-rated conditions for extended pericds may affect device reliability.

NOTES: 1. Allvoltage values, except differential input/output bus voltage, are with respect to network ground terminal.

2. Maximum power dissipation is a function of T j{max), GJA, and Ta. The maximum aliowable power dissipation at any aliowable
ambient temperature is Pp = (T j(max) — Ta)8 5. Operating at the absolute maximum T of 150°C can aflect reliability.
3. The package themmal impedance is calculated in accordance with JESD 51-7.
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SN65176B, SN75176B
DIFFERENTIAL BUS TRANSCEIVERS

SLLS101D ~ JULY 1885 - REVISED AFPRIL 2003

recommended operating conditions

MIN TYP MAX| UNIT
Voo Supply voitage 475 5 525 v
ViorVic  Voltage at any bus terminal (separately or common mode) 1: Vv
VIH High-level input voltage D, DE, and RE 2 v
vIL Low-level input voltage D, DE, and RE 08| Vv
ViD Ditferential input voltage (see Note 4} $12 A4
IoH High-eved output current Driver 50 ma
Receiver —400 HA
Driver 60
oL Low-leved output current - mA
Receiver 8
] . SNE5176B —40 105 |
TA Operating free-air temperature SN75175D 5 = c

NOTE 4: Differential input/output bus voltage is measured at the noninverting terminal A, with respect to the inverling terminal B.
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SN65176B, SN75176B
DIFFERENTIAL BUS TRANSCEIVERS

SLLS101D ~ JULY 1985 — REVISED APRIL 2003

DRIVER SECTION

electrical characteristics over recommended ranges of supply voltage and operating free-air

temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS? MIN  TYP¥ max| uniT
ViK Input clamp voltage Ij=-18 mA -1.5 v
Vo Cutput voltage lo=0 a 6 v
iVopil  Differential output voltage lo=0 15 36 6 v
Ry =100, See Figure 1 2 VOD?]
IVopzl  Differential output voltage or2 v
AL=540, See Figure 1 15 25
Vopa Differential output voltage See Note 5 15 v
Change in magnitude _ 00 e Fi 1
AVopl of diffarential ut vohtage$ RAL=54800r1008, SeeFigure .2 v
Yoo Common-mode output voltage R =54Q0or100 5, See Figure1 t? \
Change in magnitude .
=54 100 +0.
avocl o common-modeoutpun voltage$ RL=54Q0r1000,  SeoFigure 1 0.2 v
Output disabled, Vo=12Y 1 ,
lo Output current See Note 6 Vo=_7V o8 mA
IIH High-level input current V=24V 20 pA
L Low-level input current V=04V —400 HA
Vo=-7V -250
I Shon-cireui ut t Yo=0 150 A
ont-circuit ¢ curren m
os urt outp Vo= Voo 250
Vo=12V 250
| s otal . No load Outputs enabled 42 70 A
nt (t c o loa m
¢ upply current (total package) Outputs disabled 26 35

1 The power-off measurementin ANS) Standard TIA/EIA-422-B applies to disabled outputs only and is not applied to combined inputs and outputs.
¥ All typical values are at Vo = 5 V and Ta = 25°C,
§ AlVop! and AVl are the changes In magnitude of Vo and Vo, respectively, that occur when the input is changed from a high level 1o a low

level.

T The minimum Vp2 with a 100-02 load is either 142 Vo1 or 2 V, whichever is greater.
NOTES: 5. See ANSI Standard TIA/EIA-485-A, Figure 3.5, Test Termination Measurement 2.

switching characteristics, Voo =5 V, R = 110 Q, Tp = 25°C (unless otherwise noted)

not apply for a combined driver and receiver terminal.

6. This applies for both power on and off; refer to ANSI Standard TIA/EIA-485-A for exact conditions. The TIA/EIA-422-B limit does

PARAMETER TEST CONDITIONS - MIN  TYP MAX | UNIT
tg(op)  Ditterential-output delay time R_ =540, See Figure 3 15 22 ns
WoD)  Differential-output transition time R =541, See Figure 3 20 30 ns
tpZH Output enable time to high level See Figure 4 85 120 ns
tpZL Output enable time to low level See Figure 5 40 60 ns
tPHZ Output disable time from high level See Figure 4 150 250 ns
tpLz Output disable time from low level See Figure 5 20 a0 ns

_
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SN65176B, SN75176B

DIFFERENTIAL BUS TRANSCEIVERS

SLLS101D = JULY 1885 — REVISED APRIL 2003

SYMBOL EQUIVALENTS

DATA-SHEET PARAMETER TIA/EIA-322-B TIA/EIA-485-A
Vo Voa, Vob Voa, Vob
Vopil Vo Vo
Vop2l Vi {RL =100 Q) Vi(RL=5410)
Py
AlVoD! FIVyl = Vgl ] Ivp— V(1
Voo Vgs! Vsl
Alvpcl WVos = Yos! Vos — Vag!
log ligg), ligpl
o liyat, Hypl liae tib
RECEIVER SECTION

electrical characteristics over recommended ranges of common-mode input voltage, supply
voltage, and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT MAX| uNIT
ViTs Positive-going input threshold voltage Vo=27V, lo=-0.4 mA 0.2 v
ViT- Negative-going input threshold voltage Vo=05YV, Io=8mA -0.2% v
Vhys Input hysteresis voltage (V|14 — ViT-) 50 mv
Vik Enable Input clamp voltage Iy = —18 mA -15 v
VOH High-level output voltage ;g T:i;-;?;?en;v. loH =~400 LA, 27 v
VoL  Low-level output vohage ;LDe E;ifg ;"V' loL = 8mA, 045 ] v
loz High-impedance-state output current Vp=04Vio 24V 20 pA
h Line input current gt:;l::tzu; =0V, :: : 13 \\; -0; mA
(iR} High-level enable input current ViH=27V 20 pA
L Low-level enable input current ViL=04V =100 pA
n Input resistance Vi=12Vv 12 kQ
log Short-circuit cutput current -15 -85 mA
o Supply current (total package) No load Outputs enabled 2 > mA
Outputs disabled 26 35

1 All typical values are at Voo = 5 V, T = 25°C.

1 The algebraic convention, in which the less positive (more negative) limit is designated minimum, is used in this data shee! for common-mode

input voltage and threshold voltage ievels only.

NOTE 7: This applies for both power on and power off. Refer to ElA Standard TIA/EIA-485-A for exact conditions.
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SN65176B, SN75176B
DIFFERENTIAL BUS TRANSCEIVERS

SLLS101D ~JULY 1985 — REVISED APRIL 2003

switching characteristics, Voo =5V, Cp = 15 pF, T =25°C

PARAMETER TEST CONDITIONS MIN  TYP MAX] UNIT
1 Pro| tion delay time, low- 10 high-level cutput 21 35
PLH P - y - - J P Vip=0todV, See Figure 6 ns
tpHL Propagation delay time, high- to low-level output 23 35
tpzq Output enable time to high leve! 10 20
- See Figure 7 ns
tpzL  Output enable time to low level 12 20
tpHz  Output disable ime from high level ) 20 33
- - - See Figure 7 ns
tprz  Output disable time from low level 17 25

PARAMETER MEASUREMENT INFORMATION

+lgL |
Voc YoL l OH
2 L —

Figure 1. Driver Vgp and V¢ Figure 2. Receiver Vo and Vg

——— 3v
l Input f1.5v %1.5\:
CL=50pF T | | ov

RL=54n| CeRNoEA) gop) ¥ ¢ - 14 0D
Generator 500 Output : =25V
{see Note B} Output |
=—25V
- 3V oo M & t{oD)

TEST CIRCUIT VOLTAGE WAVEFORMS
NOTES: A. Cincludes probe and jig capacitance.
B. Theinput pulseis supplied by a generator having the following characleristics: PRR < 1 MHz, 50% duty cycle, t, <6 ns, < B ns,
Zo=5010L

Figure 3. Driver Test Circuit and Voltage Waveforms
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SN65176B, SN75176B
DIFFERENTIAL BUS TRANSCEIVERS

SLLS101D - JULY 1985 — REVISED APRIL 2003

PARAMETER MEASUREMENT INFORMATION

Qutput —— 3vy
Input 15V 15V
OVoraVv | | oy
tpzH 4! %3
Generator I — VoH
(see Note B} Output 2av | N\F
tpHZ » e

Vo =0 vV

TEST CIRCUIT VOLTAGE WAVEFORMS

NOTES: A. Cp includes probe and jig capacitance.

B. The input pulse is supplied by a generator having the following characteristics: PRA <1 MHz, 50% duty cycle, t <6 ns, <6 ns,
Zo=500

Figure 4. Driver Test Circuit and Voltage Waveforms

5V

————— v
RL=1100Q Input 15V 15V
51 Qutput |

3vorov i | oV
CL=50pF tpzL -ld—J ﬁ—bl—- tpLz
{see Note A) | |
S LT ' ol
- Output 23V _£-0.5 v
X VoL
TEST CIRCUIT VOLTAGE WAVEFORMS

NOTES: A. CL includes probe ard jig capacitance.

B. Theinput pulse is supplied by a generator having the following characteristics; PRA <1 MHz, 50% duty cycle, ty <6 ns, i< Ens,
In=500

Figure 5. Driver Test Circuit and Voltage Waveforms

_———— 3V
Input 15V
Generator I } ov
(see Note B) tpLH —¢ | PRy tPHL
| ——— VoH
Qutput 13V
VoL

TEST CIRCUIT VOLTAGE WAVEFORMS

NOTES: A. Cy includes probe and jig capacitance.

B. Theinput pulse is supplied by a generator having the following characterstics: PRR < 1 MHz, 50% duly ¢ycle, ;< 6 ns, S 6 ns,
Zo =508

Figure 6. Receiver Test Circuit and Voltage Waveforms
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SN65176B, SN75176B
DIFFERENTIAL BUS TRANSCEIVERS

SLLS101D - JULY 1985 - REVISED APRIL 2003

PARAMETER MEASUREMENT INFORMATION

15V $1

15y —o —— 5y

Cr =15 pF
T (see Note A)

1

Generator
(see Note B)

TEST CIRCUIT -
v 3V
15V 15V
S1to1.5V
S1to-15V
ov S20Open
S3 Closed ov 32 gg’;r?d
YoH
=45Y
—_—— 0V
YoL
v
S1tol5V Sito-15V
S2 Closed 52 Closed
S3 Closed 53 Closed
oV ov
VOH I ——— =13V
Output o5V
———— =13V VoL
VOLTAGE WAVEFORMS

NOTES: A. Cyincludes probe and jig capacitance.
B. Theinput pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t, <6 ns, i1 <6 ns,
Zo=5010

Figure 7. Receiver Test Circuit and Voltage Wavetorms
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SN65176B, SN751768
DIFFERENTIAL BUS TRANSCEIVERS

SLLS101D — JULY 1985 — REVISED APRIL 2003

TYPICAL CHARACTERISTICS
DRIVER DRIVER
HIGH-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
vs Vs
HIGH-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT
5 T 5
Voo =5V Vee I= 5V
4.5 Ta=25C 45 [~ Tp=25°C
> >
o 4 I 4
[=.] L]
o 3.5 £ 35
z \ S /
E \\ 5 3 1
= =
S 25 BN 3 25
: E
3 2 3 2
= <
£ 15 5 15 /
xr i
! _II __,—--"""_'/
X 1 = 1 //
£ L -~
0.5 0.5
o 0
0 —20 40 -60 —80 -100 -120 1 20 40 60 BO 100 120
loH ~ High-Level Output Current — mA loL — Low-Level Output Current ~ mA
Figure 8 Figure 9

DRIVER
DIFFERENTIAL OUTPUT VOLTAGE
V5

OUTPUT CURRENT
4 [
Vee=5Y
X Ta = 25°C —f
;l. 3.5 < A
g L LN
3 ™~
2 N
3‘,_ 25 \\
g, ~
5
E
E 1.5
a
1 1
: \
= 0.5 \

0O t0O 20 30 40 50 60 70 80 S0 100
lg - Output Current — mA

Figure 10
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SN65176B, SN75176B
DIFFERENTIAL BUS TRANSCEIVERS

SLLS101D - JULY 1985 - REVISED APRIL 2003

VOH - High-Level Qutput Voltage — V

VoL Low-Level Output Voltage - V

TYPICAL CHARACTERISTICS

RECEIVER
HIGH-LEVEL OUTPUT VOLTAGE
Vs
HIGH-LEVEL OUTPUT CURRENT
] ™7
Vip=02V
45 |- Ta=25C
4
35
N
3 \\
SEAN
Voc =525V
" N
\N/ Voo =5V
5 Fvee=a75v 7~ N
0.5 %
. AN

¢ -5 -10 15 —20 -25 -30 35 -40 -45 -50

0.6

0.5

0.4

03

0.2

0.1

loH — High-Level Qutput Current — mA

Figure 11

RECEIVER
LOW-LEVEL QUTPUT VOLTAGE
¥Ss
LOW-LEVEL OUTPUT CURRENT

1
oo Pd

4

¢ 5 10 15 20 25 30

loL — Low-Level Qutput Current — mA

Figure 13

RECEIVER
HIGH-LEVEL OUTPUT VOLTAGE
Vs
FREE-AIR TEMPERATURET

5 T T T
Ve =5V
451 Vip=200mV
> loH =440 pA
I
° 4
o
% 35
-
5 3
s
3 25
2
5: 2
5 15
I
é 1
= o5
1)

40 -20 O 20 40 60 BO 100 120
Ta — Free-Air Temperature — °C

tOnly the 0°C to 70°C portion of the curve applies to the
SN75176B.

Figure 12
RECEIVER
LOW-LEVEL OUTPUT VOLTAGE
Vs
FREE-AIR TEMPERATURE
0.6 T T
Veo=5V
Vip =200 mV

+ o5} lgL=8mA

@

g

2 o4

5

=3

=] B

© 03

g

3

§ 02

1

-
£ 01

0
40 -20 0 20 40 €60 80 100 120
Tp — Free-Air Temperature — °C

Figure 14
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SN65176B, SN75176B
DIFFERENTIAL BUS TRANSCEIVERS

SLLS101D = JULY 1985 - REVISED APRIL 2003

TYPICAL CHARACTERISTICS

RECENVER RECEIVER
OQUTPUT VOLTAGE OUTPUT VOLTAGE
vs vs
ENABLE VOLTAGE ENABLE VOLTAGE
"I vipoozv | ® ' ' Vip=-02V
iD= Voe=525Y 1D = =0
Load = 8 k2 ta GND cc Load = 1 ki2 to Voo
Ta =25°C 5 I i | Ta=25°C
4 - Vee = 5.25 V— ! ! N l
:l. =I_ Voo =475V Voo =5V
& Voo =5V — W & @
g 3 cec= Vee = 4.75 V— 3
2 2
5 3 3
2 =
3 2 3
) ! 2
L 2
1 1
0 0
o 0.5 1 1.5 2 25 3 o 0.5 1 1.5 2 25 3
V) - Enable Voitage ~ V V) - Enable Voltage - V
Figure 15 Figure 16
APPLICATION INFORMATION
SNG5176B SNB5176B
SN75176B SN75176B
45 4 O

. 2
%F‘T Rt

Upto 32

Transceivers
e o &

|1

NOTE A: The line should be terminated at both ends in its characteristic impedance (Rt = Zg). Stub lengths off the main line should be kept
as short as possible.

Figure 17. Typical Application Circuit
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X3 T, PACKAGE OPTION ADDENDUM
INSTRUMENTS
ww.ﬁ.com 17-0ct-2005

PACKAGING INFORMATION

Orderable Device Status "  Package Package Pins Package EcoPlan® Lead/Ball Finlsh MSL Peak Temgp
Type Drawing Qty
SN65176BD ACTIVE S0IC i 8 75 Green (RoHS & CUNIPDAU  Level-2-260C-1YEAR
no Sb/Br)
SNG5176BDE4 ACTIVE S0IC (8] 8 75 Green (RoHS & CUNIPDAU  Level-2-260C-1YEAR
no Sb/Br)
SN65176BDG4 ACTIVE SOIC D 8 75 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
SN651768BDR ACTIVE SOIC D 8 2500 Green (RoHS & CU NIPDAU  Level-2-260C-1YEAR
no Sb/Br)
SNG65176BDRE4 ACTIVE SOIC D 8 2500 Green (RoHS & CU NIPDAU  Level-2-260C-1YEAR
no Sb/Br)
SNE5176BDRG4 ACTIVE SOIC D 8 2500 Green{RoHS & CU NIPDAU  Level-1-260C-UNLIM
no Sb/Br)
SNE5176BP ACTIVE PDIP P g 50 Pb-Free CU NIPDAU  Level-NC-NC-NC
{RoHS)
SNE65176BPE4 ACTIWE PDIP P 8 50 Pb-Free CU NIPDAU  Level-NC-NC-NC
{RoHS)
SN75176BD ACTIVE SQIC D <] 75 Green(RoHS & CUNIPDAU Level-2-260C-1YEAR
no Sb/Br)
SN75176BDE4 ACTIVE SOiC D 8 75 Green (RoHS & CU NIPDAU  Level-2-260C-1YEAR
no Sb/Br)
SN75176BDG4 ACTIVE S0IC D 8 75 Green (RoHS & CU NIPDAU Level-2-260C-1YEAR
no Sb/Br)
SN75176BDR ACTIVE SOIC D g 2500 Green (RoHS & CU NIPDAU  Level-2-260C-1YEAR
na Sb/Br)
SN75176BDRE4 ACTIVE SQIC D g 2500 Green (RoHS & CU NIPDAU  Level-2-260C-1YEAR
na Sb/Br)
SN75176BDRG4 ACTIVE S0IC D 8 2500 Green (RoHS & CU NIPDAU  Level-2-260C-1YEAR
no Sb/Br)
SN751768BP ACTIVE POIP P 8 50 Pb-Free CUNIPDAU  Level-NC-NC-NC
{RoHS}
SN75176BPE4 ACTIVE PDIP P 8 50 Pb-Free CUNIPDAU  Level-NC-NC-NC
{RoHS)
SN75176BPSRH ACTIVE S0 PS 8 2000 Green(RoHS & CUNIPDAU  Level-1-260G-UNLIM
no Sh/Br}
SN75176BPSRG4 ACTIVE S0 PS 8 2000 Green{RoHS & CU NIPDAU  Level-1-260C-UNLIM
no Sb/Br}

M The marketing status vaiues are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tt does not recommend using this part in
a new design.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: TI has discontinued the production of the device.

® Eco Plan - The pianned eco-friendly classification: Pb-Free (RoHS) or Green (AoHS & no Sb/Br) - please check
hitp:/Awww ti com/productcontent for the latest availability information and additional preduct content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free {RoHS): T!'s terms “Lead-Free" or "Pb-Free” mean semiconductor products that are compalible with the current RoHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, T| Pb-Free products are suitable for use in specified lead-free processes,

Green (RoHS & no Sh/Br): Tl defines *Green” to mean Pb-Free (RoHS compatible), and free of Bromine (Er) and Antimony (Sb) based flame
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