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 1 chip specification rev. 2.2 january 2005 sl044022.doc / b public page  4  of  24 2   definitions data sheet status objective specification this data sheet contains target or goal specifications for product development. preliminary specification this data sheet contains preliminary data; supplementary data may be published later. product specification this data sheet contains final product specifications. limiting values limiting values given are in accordance with the absolute maximum rating system (iec 134). stress above one or more of the limiting values may cause permanent damage to the device. these are stress ratings only and operation of the device at these or at any other conditions above those given in the characteristics section of the specification is not implied. exposure to limiting values for extended periods may affect device reliability. application information where application information is given, it is advisory and does not form part of the specification. 2.1   life support applications these products are not designed for use in life support appliances, devices, or systems where malfunction of these products can reasonably be expected to result in personal injury. philips customers using or selling these products for use in such applications do so on their own risk and agree to fully indemnify philips for any damages resulting from such improper use or sale. 2.2   abbreviations ascii american standard code for information interchange csc cyclic redundancy check ean european article number eas electronic article surveillance eeprom electrically erasable and programmable read only memory emi electromagnetic interference etsi european telecommunications standards institute fcc federal communications commission ffc film frame carrier hex value in hexadecimal notation ic integrated circuit ism industrial, scientific, medical lsb least significant bit or byte msb most significant bit or byte mtbf mean time between  failure pcb printed circuit board pcm process control module rf radio frequency rms root mean  square snr serial number uv ultraviolet

 1 chip specification rev. 2.2 january 2005 sl044022.doc / b public page  5  of  24 3   scope this specification describes the electrical, physical and dimensional properties of  unsawn and sawn wafers on ffc of i?code1 label ics on a philips 6c15 idfw process and is the base for delivery of tested i?code1 label ics. general recommendations are given for storage, handling and processing of wafers as well as assembly of labels. reference documents: mil-std 883d method 3023 mil-std 883d method 3015 snw-fq-627 pictoh-qs007 general sp ecification for 6? wafer general quality specification i?code1 label ic, coil design guide this product specification is valid for vcol1v0 from mask revision p/b upwards. 4   ordering information following ordering options are available: type name description ordering code sl1  ics30  01w/n4d sawn wafer on foil (ffc), 150 m, inked and mapped, with bumps 9352 644 67005

 1 chip specification rev. 2.2 january 2005 sl044022.doc / b public page  6  of  24 5   functional description 5.1   basic features the i?code1 label ic is a dedicated chip for intelligent label applications like logistics and retail (including eas) as well as baggage and parcel identification in airline business and mail services. the i?code system offers the possibility of operating labels simultaneously in the field of the reader antenna ( anticollision ). it is designed for  long range applications. whenever connected to a very simple and cheap type of antenna (as a result of the 13.56  mhz carrier frequency) made out of a few windings printed, winded, etched or punched coil the i?code1 label ic can be operated without line of sight up to a distance of 1.5  m (gate width). 5.2   block diagram of the ic the label requires no internal power supply. its contactless interface generates the power supply and the system clock via the resonant circuitry by inductive coupling to the reader. the interface also demodulates data that are transmitted from the reader to the i?code label, and modulates the electromagnetic field for data transmission from the i?code label to the reader. data are stored in a non-volatile memory (eeprom). the eeprom has a memory capacity of 512 bit and is organised in 16 blocks consisting of 4  bytes each (1 block = 32 bits). the higher 12 blocks contain user data and the lowest 4  blocks contain the serial number, the write access conditions a nd some configuration bits.

 1 chip specification rev. 2.2 january 2005 sl044022.doc / b public page  7  of  24 5.3   memory organisation the  512 bit eeprom memory is divided into 16 blocks. a block is the smallest access unit. each block consists of 4 bytes (1 block = 32 bits). bit 0 in each byte represents the least significant bit (lsb) and bit 7 the most significant bit (msb), respectively. byte 0 byte 1 byte 2 byte 3 block 0 snr0 snr1 snr2 snr3   serial number (lower bytes) block 1 snr4 snr5 snr6 snr7   serial number (higher bytes) block 2 f0 ff ff ff   write access conditions block 3 x x x x   special functions (eas/quiet) block 4 x x x x   family code/application identifier/user data block 5 x x x x   user data block 6 x x x x          : block 7 x x x x          : block 8 x x x x          : block 9 x x x x          : block 10 x x x x          : block 11 x x x x          : block 12 x x x x          : block 13 x x x x          : block 14 x x x x          : block 15 x x x x   user data the values (in hexadecimal notation) shown in the table above are stored in the eeprom after the wafer production process. the contents of blocks marked with ? x ? in the table are  not  defined at delivery. 5.3.1   serial number the unique  64 bit serial number is stored in blocks 0 and 1 and is programmed during the production process. snr0 in the table represents the least significant byte and snr7 the most significant byte, respectively. 5.3.2   write access conditions the write access condition bits in block 2 determine the write access conditions for each of the 16  blocks. these bits can be set only to 0  (and never be changed to 1), i.e. already write protected blocks can never be written to from this moment on. this is also true for block 2. if this block is set into write protected state by clearing of bits 4 and 5 at byte 0, no further changes in write access conditions are possible. byte 0 byte 1 byte 2 byte 3 a msb                    lsb a a msb                    lsb a a msb                    lsb a a msb                    lsb a block 2: write access conditions | 1|1 | | 1|1 | | 0 | 0 | | 0 | 0 | | 1|1 | | 1|1 | | 1|1 | | 1|1 | | 1|1 | | 1|1 | | 1|1 | | 1|1 | | 1|1 | | 1|1 | | 1|1 | | 1|1 | for block   3 2 1 0 7 6 5 4 11 10 9 8 15 14 13 12 special funct. write access serial number user data ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... user data the ones in the 16 pairs of bits have to be cleared together if the corresponding block is wanted to be write protected forever ( 1|1     write access enabled,  0|0     write access disabled). writing of bit pairs  1|0  or  0|1  to block 2 is not allowed! it is extremely important to be particularly careful when clearing the write access bits in block 2, as you can lose write access to all of the blocks on the label in case of a mistake. of course you can use this feature to put the label into a hardware write protected state!

 1 chip specification rev. 2.2 january 2005 sl044022.doc / b public page  8  of  24 5.3.3   special functions (eas/quiet) the special functions block holds the two eas bits (electronic article surveillance mode active   the label answers at an eas command) as well as the two quiet bits (quiet mode enabled   the label is permanently disabled but can be activated again with the ?reset quiet bit? command). the state of quiet mode does  not  influence the functionality of the eas command. the remaining 28 bits (greyed ? x ? in the following figure) are reserved for future use. byte 0 byte 1 byte 2 byte 3 a msb                    lsb a block 3: special functions | x|x | | x|x | | q|q | | e|e | | x|x | | x|x | | x|x | | x|x | | x|x | | x|x | | x|x | | x|x | | x|x | | x|x | | x|x | | x|x | quiet eas quiet:  q|q =  1|1     quiet mode enabled q|q =  0|0     quiet mode disabled eas: e|e =  1|1     eas mode enabled e|e =  0|0     eas mode disabled writing of bit pairs  1|0  or  0|1  to block 3 is not allowed! changing of the write access control or configuration must be done in secure environment (by reading the current value of the block and masking in the new values for bit positions that may be changed). the label must not be moved out of the communication field of the antenna during writing! we recommend to put the label close to the antenna and not to remove it during operation. 5.3.4   family code and application identifier the i?code system offers the feature to use (independently) family codes and/or application identifiers with some reader commands (this allows for example the creation of ?label families?). these two 8-bit values are located at the beginning of user data (block 4) as shown in the following figure and are only evaluated if the corresponding bytes at the reader commands are unequal to zero. only if both corresponding parameter bytes at the reader  commands  anticollision/select, eas and unselected read, respectively, are set to zero, block 4 can be used for user data without restriction. byte 0 byte 1 byte 2 byte 3 a msb                    lsb a a msb                    lsb a block 4: family code, application id | x   |   x | | x   |   x | | x   |   x | | x   |   x | | x   |   x | | x   |   x | | x   |   x | | x   |   x | | x   |   x | | x   |   x | | x   |   x | | x   |   x | | x   |   x | | x   |   x | | x   |   x | | x   |   x | family code application id the greyed bytes are for customer usage as well as the remaining blocks (5 to 15) are.

 1 chip specification rev. 2.2 january 2005 sl044022.doc / b public page  9  of  24 5.3.5   configuration of delivered ics i?code1 label ics are delivered with the following configuration by philips:    serial number is unique and read only    write access conditions allow to change all blocks (with the exception of both serial number blocks)    status of eas mode is  not  defined    status of quiet mode is  not  defined    family code and application identifier are  not  defined    user data memory is  not  defined as the status of quiet mode is not defined at delivery, the first command to be executed on the i?code1 label ic should be the reset quiet bit command! note: due to the fact that the eas mode is undefined at delivery, the eas mode shall be set (enable or disable) according to your application requirements during the test or initialisation phase.

 1 chip specification rev. 2.2 january 2005 sl044022.doc / b public page  10  of  24 6   bump specifications bump material: > 99.9% pure au bump hardness: 35 ? 80 hv 0.005 bump shear strength: > 70 mpa bump height: 18 m bump height uniformity: within a die  2 m within a wafer  3 m wafer to wafer  4 m bump flatness:  1.5 m bump size (bond pad): la, lb 144 m x 164 m bump size: (test pad) test, vss 104 m x 104 m ( the test pads are electrically neutral at sawn wafers) bump size variation:   5 m under bump  metallisation: sputtered  tiw

 1 chip specification rev. 2.2 january 2005 sl044022.doc / b public page  11  of  24 7   mechanical die specifications designation: vcol1v0 visible on each die location see attached die plan bump location: see attached die plan die  dimensions  ( incl.  80 m scribe line) : 1460 m x 1490 m die dimensions  (excl. scribe line) : 1380 m x 1410 m tolerances for sawn dies:   25 m pin identification: see attached die plan passivation attributes: the passivation is a protection of active areas against dust (particles) and humidity and general contamination (whole surface of the chip except for the bond pads). top side passivation material: oxynitride passivation thickness: 1.6 m due to the glass-like physical properties careful handling and processing is required. available die backside treatment: etched

 1 chip specification rev. 2.2 january 2005 sl044022.doc / b public page  12  of  24 8   mechanical wafer specifications for further information as described in the following chapters please refer to the following philips documents:    dicing guidelines for thin wafers (< 200 m)    general specification for 6? wafer in case of doubt or inconsistency with the following chapters the  above mentioned specifications are applicable. designation: each wafer is laser scribed with batch and wafer number wafer  diameter: 150 mm (6")    0.3 mm die  separation  lane  width: 80 m (scribe line) electrical connection of substrate: vss geometrically complete dies per wafer: approx. 7400 orientation of dies  relat.  to wafer flat: see attached cluster map position of test structures: see attached cluster map wafer layout: see attached cluster map batch size: 24 wafers process: 6c15 idfw 8.1   wafer status    tested, sawn on ffc minimum yield per lot: 30 % 8.2   backside treatment wafers can be delivered with a thickness of 150  m m    15 m (approx. 6  mil) grinded and etched backside.

 1 chip specification rev. 2.2 january 2005 sl044022.doc / b public page  13  of  24 9   documentation 9.1   delivery documentation each wafer container and each larger shipment container is individually marked with the identification information as follows:    diffusion batch number (wafer lot number)    part designation (type) with revision number    ordering code (see chapter 4)    date code of lot acceptation    good die quantity the print out of the final test results is attached to the packing and contains the good die quantity related to every wafer number. 9.2   fail-die identification every die is electrically tested according to data sheet. identification of chips with electrical parameters not conform  with the data sheet is done by inking and wafer mapping (all dies at wafer periphery are identified as 'fail'). 9.2.1   ink dot specification diameter: min. 0.4 mm height: max. 20 m colour: black position: central third of die (x, y direction) attributes: opaque, water resistant note:   uncompleted dies with an area < 95 % (wafer periphery) are not inked! 9.2.2   wafer mapping wafer mapping for failed die identification is available on  floppy-disk. format: ibis format on 3.5 2  floppy-disk

 1 chip specification rev. 2.2 january 2005 sl044022.doc / b public page  14  of  24 10   quality assurance 10.1   electrical acceptance test the electrical acceptance test is performed in line (?sampling on the fly?) according to the test specifications. sampling plan: according general quality specification 10.2   visual inspection 10.2.1   after wafer final test performed according document snw-fq-627. sampling plan: according general quality specification 10.2.2   after sawing (film frame carrier) performed according document pictoh-qs007. sampling plan (3 wafers per lot): accept 0/3

 1 chip specification rev. 2.2 january 2005 sl044022.doc / b public page  15  of  24 11   packing the packing for shipment of wafers has to protect the wafers against shock, severe impact, dust and electrostatic discharge. the packing of  unsawn wafers or sawn wafers is done according to philips ?general specification for 6? wafer?. 11.1   storage recommendations sawn wafers should be kept in their original packing whilst in storage. recommended storage conditions: temperature: 15 ... 25 c climate atmosphere: 40 ... 60 %  r.h. or dried n 2  (only  unsawn wafers!) duration of storage: max. 6 months deviating requirements have to be arranged between customer and philips semiconductors. 11.2   possible forms of delivery 11.2.1   packing of sawn wafers delivery form: film frame carrier (standard philips carrier type p7) foil thickness: 0.55 ... 0.85 mm foil material: sticky foil

 1 chip specification rev. 2.2 january 2005 sl044022.doc / b public page  16  of  24 12   handling recommendations 12.1   assembly the bumped i?code1 ic enables flip chip assembly using acf (anisotropic conductive film), acp (anisotropic conductive pastes) and conductive glues. 13   coil specification the i?code1 label ic has to be connected at pads la, lb to a coil characterised by its electrical parameters according to philips application note ?sl1 ics30 01 i?code1 label ic, coil design guide?.

 1 chip specification rev. 2.2 january 2005 sl044022.doc / b public page  17  of  24 14   electrical specifications absolute maximum ratings 1, 2 symbol parameter test conditions rating unit t stg storage temperature range - 55 to  + 140 c t j junction temperature - 55 to  + 140 c v esd esd voltage immunity mil-std-883d, method 3015.7, human body model  2 kv peak i max la-lb maximum input peak current  60 ma peak notes: 1.   stresses above those listed under absolute maximum ratings may cause permanent damage to the device. this is a stress rating only and functional operation of the device at these or any conditions other than those described in the operating conditions and electrical characteristics section of this specification is not implied. 2.   this product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static charge. nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. operating conditions symbol parameter test conditions min typ 1 max unit t amb operating ambient temperature - 25 +  70 c t j op operating junction temperature - 25 +  85 c i la-lb input current 30 ma rms v la-lb rd minimum supply voltage 2 for read/eas standard mode  3.1  3.7 v peak v la-lb  wr minimum supply voltage 2 for write standard mode  3.6  4.1 v peak v la-lb fm minimum supply voltage 2 for read/eas/write fast mode  5.2  6.5 v peak f op operating frequency 3 13.553 13.560 13.567 mhz notes: 1.   typical ratings are not guaranteed. these values listed are at room temperature. 2.   the voltage between la and lb is limited by the on-chip voltage limitation circuitry (corresponding to parameter i la-lb ). 3.   bandwidth limitation (7 khz) according to ism band regulations. electrical characteristics t amb  = - 25 to +70 c symbol parameter test conditions min typ 1 max unit c res input capacitance between la - lb 2 v la-lb  = 2 v rms 22.3 23.5 24.7 pf p min minimum operating supply power 3 v la-lb  = 2 v rms 200 w m min minimum modulation of rf voltage for demodulator response m v   -  v v   +  v max min max min = 10 14 % m max maximum modulation of rf voltage for demodulator response m v   -  v v   +  v max min max min = 30 % t p  sm modulation pulse length of rf voltage 4 standard mode, m  3  10 % 3.54 5.31 5 9.44  s t p fm modulation start-pulse length of rf voltage 4 fast mode, m  3  10 % 15.34 17.11 5 21.24  s t d demodulator response time m  3  10 % 0.1 0.8 2.4  s r mod modulator on resistance i la-lb  = 30 ma 50 115 250 w t ret eeprom data retention t amb     55 c 10 years n write eeprom write endurance 100 000 cycles notes: 1.   typical ratings are not guaranteed. these values listed are at room temperature. 2.   measured with an hp4285a lcr meter at 13.56 mhz. 3.   including losses in resonant capacitor and rectifier. 4.   the given values are derived from the 13.56 mhz system  frequency. 5.   recommended values for pulse duration generated at the read/write device.

 1 chip specification rev. 2.2 january 2005 sl044022.doc / b public page  18  of  24 15   hints for label ic encapsulation 15.1   protection against visible light as a result of the ultra low power design of the i?code1 label ic some analogue circuits on the chip are light sensitive. this means that common  sun light can impact the operation of the label if the chip is not protected against visible light radiation. measurements have shown that a radiation of  e max  =  60  w/m 2  (spectrum: 400 to 1000 nm) causes a reduced operating range of the plain chip. measurements of direct sunlight in summer deliver values up to 260 w/m 2 . to ensure proper operation an expected minimum radiation reduction factor of approx. 9 (2  x  260/60 = 8.7) must be provided by the encapsulation. that means specia l care has to be taken to ensure a sufficient light protection of the i?code1 label ic (e.g. non translucent encapsulation or underfiller , ...) according to application requirements. 15.2   protection against uv light an eeprom memory, as it is also used in the i?code1 label ic, has some principle sensitivity to uv light (applies to eeprom-technology in general). thus strong uv exposure in the production of inlets/labels has to be avoided.  uv protection has to be ensured using appropriate assembly methods. 15.3   resistance to x-rays x-ray  exposure  on comparable philips ics (with even smaller feature size) caused neither  an long term influence on the behaviour of the ics nor on the data retention of the  eeproms.

 1 chip specification rev. 2.2 january 2005 sl044022.doc / b public page  19  of  24 16   inlet/label characterisation and test 16.1   characterisation of the inlet/label the parameters  recommended to be characterised for the inlet/label are: parameter symbol conditions resonant frequency f res resonant frequency @  t amb  = 22 c @ b th no command transmitted to the inlet/label   label generates no response    no modulation threshold value for unselected read command (standard mode) b th unselected read command ok threshold value for write command (standard mode) b wr write (and verifying read) command ok 16.2   final test of the inlet/label basic flow for production and test: 1.   production of wafer 2.   bumping of wafer 3.   testing of dies on wafer 4.   writing of serial numbers and pre-configuration 5.   sawing of wafer 6.   assembly of inlets/labels 7.   final test of inlets/labels 8.   writing of customer data to detect damage of eeprom cells during production of inlets/labels a final test of the eeprom after assembly of the inlet/label is recommended. this is necessary to achieve lowest failure rates.

 1 chip specification rev. 2.2 january 2005 sl044022.doc / b public page  20  of  24 17   appendix a:  die plan measuring unit: m the two test pads (test and vss) are electrically neutral at sawn wafers!

 1 chip specification rev. 2.2 january 2005 sl044022.doc / b public page  21  of  24 18   appendix b:  cluster plan measuring unit: mm

 1 chip specification rev. 2.2 january 2005 sl044022.doc / b public page  22  of  24 19   appendix c:  cluster map the three black lines show the position of the pcm structures on the  6 inch wafer!

 1 chip specification rev. 2.2 january 2005 sl044022.doc / b public page  23  of  24 20   revision history table 1  chip specification sl1 ics30 01 revision history revisio n date cpcn page description 2.1 april 2000 previous version 2.2 jan. 2005 9 13 23 note regarding eas status added fail-die identification update wafer mapping format changed to ibis revision history established
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