MicrocHir MCRF450/451/452/455

13.56 MHz Read/Write Passive RFID Device

Features

* Contactless read and write with anticollision
algorithm

» 1024 bits (32 blocks) of total memory

+ 928 bits (29 blocks) of user programmable
memory

* Unique 32-bit tag ID (factory programmed)

+ 32 bits for data and 16 bits for CRC per block
» Block write-protection

» 70 Kbit/s read data rate (Manchester format)

» Special bit (Fast Read) for fast identification and
anti-counterfeit applications (EAS)

* 1-0f-16 PPM encoding for writing data

* Interrogator-Talks-First (ITF) or Tag-Talks-First
(TTF) operation

» Long range for reading and writing

» High speed anticollision algorithm for reading and
writing

» Fast and Normal modes for write data speed

» Anti-tearing feature for secure write transactions

» Asynchronous operation for low power consump-
tion and flexible choice of carrier frequency bands

* Internal resonance capacitors
(MCRF451/452/ 455)

» Two pad connections for external antenna circuit
(MCRF452)

Applications

Item Level Tagging: To read and write multiple
items in long read range environment.

Anti-Counterfeit: The device has a unique
feature to distinguish between paid, unpaid or
returned merchandise.

Inventory Management: Tag’s data can be read
or updated (written) in multiple tags and long
range environment. lts memory (32 blocks, 1 Kbit,
each block = 32 bits) is well organized for the
inventory management applications.

Product Identifications

Airline Baggage Tracking

Book Store and Library Book ID

Low Cost Animal Ear Tags: The device’s long
range reading performance combined with 1 Kbit
of memory is suitable for animal tagging applica-
tions. Tag cost can be cheaper and read range is
much longer than existing 125 kHz conventional
animal ear tags.

Toys and Gaming Tools: Device’s anticollision
feature for reading and writing allows to make
intelligent interactive toys and gaming tools.

Access Control and Time Attendance Cards:

Device’s long range performance allows to make
long range access control, parking lot entry, and

time attendance cards.

Inexpensive finished tags and readers are available
from Microchip’s worldwide OEM partners. Please
contact Microchip Technology Inc. near you or visit
http://www.microchip.com  for  further = product
information and inquiries for your applications.

» Three pad connections for external antenna
circuit (MCRF450, 451, 455)

* Very low power CMOS design

» Die in waffle pack, wafer, wafer on frame, bumped
wafer, COB, PDIP or SOIC package options

Typical Configuration for Applications

Read/Write
Command and Data| Ant. A
Interrogator —_— >
X MCRF452
(Reader/Writer)
Data Vss

Read/Write Range:~ up to 1.5 meters depending
on tag size and system
requirements.
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MCRF450/451/452/455

Package Types
PDIP (“P”)
ANT.AC]1 ~ 8[JVbD
NC[]2 7 [ FcLK
ANT.B []3 6 ] NC
CLK[]4 5[] Vss

Note: Pins 4, 7 and 8 are for device test purposes only

NC = Not Connected
MCRF450/451/455: Antenna connections = pins 1, 3 and 5
MCRF452: Antenna connections = pins 1 and 5

ROTATED SOIC (“X/SN”)

ANTB[]1 ~ B8[]ANT.A
NC[]2 7 []VDD
CLK []3 6 [1NC
Vss[|4 5 []FcLK

Note: Pins 3, 5 and 7 are for device test purposes only
NC = Not Connected

MCRF450/451/455: Antenna connections = pins 1, 4 and 8
MCRF452: Antenna connections = pins 4 and 8

MCRF450 COB (“7M”)

5 mm

Antenna Coil Connection

Thickness = 0.4 mm
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MCRF450/451/452/455

1.0 DESCRIPTION OF DEVICE
FEATURES

The MCR45X is a contactless read/write passive RFID
device that is optimized for 13.56 MHz RF carrier
signal. The device needs an external LC resonant
circuit to communicate wirelessly with the Interrogator.
The device is powered remotely by rectifying an RF
signal that is transmitted from the Interrogator and
transmits or updates its contents from memory-based
on commands from the Interrogator.

The device is engineered to be used effectively for item
level tagging applications, such as retail and inventory
management, where a large volume of tags are read
and written in the same Interrogator field.

The device contains 32 blocks (BO - B31) of EEPROM
memory. Each block consists of 32 bits. The first three
blocks (BO - B2) are allocated for device operation,
while the remaining 29 blocks (B3 - B31: 928 bits) are
for user data. Block 1 contains unique 32 bits of Tag ID.
The Tag ID is preprogrammed at the factory and write
protected.

All blocks, except for the Tag ID (block 1), are contact-
lessly writable block-wise by Interrogator commands.
All data blocks, with the exception of bits 30 and 31 in
block 0, are write-protectable.

The device can be configured as either Tag-Talks-First
(TTF) or Interrogator-Talks-First (ITF). In TTF mode,
the device transmits its fast response data (160 bits
max., see Example 9-1) as soon as it is energized, then
waits for the next command. In ITF mode, the device
requires an Interrogator command before it sends any
data. The control bits for TTF and ITF modes are bits
30 and 31 in block 0.

All downlink commands from the Interrogator are
encoded using 1-of-16 Pulse Position Modulation
(PPM) and specially timed gap pulses. This encoded
information amplitude modulates the Interrogator’s RF
carrier signal.

At the other end, the MCR45X device demodulates the
received RF signal and then sends data (from memory)
at 70 Kbit/s back to the Interrogator in Manchester
format.

The communication between Interrogator and device
takes place asynchronously. Therefore, to enhance the
detection accuracy of the device, the Interrogator
sends a time reference signal (time calibration pulse) to
the device, followed by the command and program-
ming data. The time reference signal is used to
calibrate timing of the internal decoder of the device.

There are device options for the internal resonant
capacitor between antenna A and Vss: (a) no internal
resonant capacitor for the MCRF450, (b) 100 pF for the
MCRF451, (c) two 50 pF in series (25 pF in total) for the
MCRF452 and (d) 50 pF for the MCRF455. The internal
resonant capacitors for each device are shown in
Figures 2-2 through 2-5.

The MCRF450 needs an external LC resonant circuit
connected between antenna A, antenna B and Vss
pads. See Figure 2-2 for the external circuit configura-
tion. The MCRF452 needs a single external antenna
coil only between antenna A and Vss pads, as shown
in Figure 2-4.

This external circuit, along with the internal resonant
capacitor, must be tuned to the carrier frequency of the
Interrogator for maximum performance.

When a tag (device with the external LC resonant
circuit) is brought to the Interrogator’'s RF field, it
develops an RF voltage across the external circuit. The
device rectifies the RF voltage and develops a DC
voltage (VDD). The device becomes functional as soon
as VDD reaches the operating voltage level.

The device then sends data stored in memory to the
Interrogator by turning on/off the internal modulation
transistor. This internal modulation transistor is located
between antenna B and Vss. The modulation transis-
tor has a very small turn-on resistance between Drain
(antenna B) and Source (Vss) terminals during its turn-
on time.

When the modulation transistor turns on, the resonant
circuit component between antenna B and Vss, which
is in parallel with the modulation transistor, is shorted
due to the low turn-on resistance. This results in a
change in the LC value of the circuit. As a result, the cir-
cuit no longer resonates at the carrier frequency of the
Interrogator. Therefore, the voltage across the circuit is
minimized. This condition is called “cloaking”.

When the modulation transistor turns off, the circuit
resonates at the carrier frequency of the Interrogator
and develops maximum voltage. This condition is
called “uncloaking”. Therefore, the data is sent to the
Interrogator by turning on (cloaking) and off (uncloak-
ing) the modulation transistor.

The voltage amplitude of the carrier signal across the
LC resonant circuit changes depending on the
amplitude of modulation data. This is called an ampli-
tude modulation signal. The receiver channel in the
Interrogator detects this amplitude modulation signal
and reconstructs the modulation data for decoding.

The device includes a unique anticollision algorithm to
be read or written effectively in multiple tag environ-
ments. To minimize data collision, the algorithm utilizes
time division multiplexing of the device response. Each
device can communicate with the Interrogator in a
different time slot. The devices in the Interrogator’s RF
field remain in a nonmodulating condition if they are not
in the given time slot. This enables the Interrogator to
communicate with the multiple devices one at a time
without data collision. The details of the algorithm are
described in Section 6.0, “Read/Write Anticollision
Logic”.

© 2003 Microchip Technology Inc.
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MCRF450/451/452/455

To enhance data integrity for writing, the device
includes an anti-tearing feature. This anti-tearing
feature provides verification of data integrity for incom-
plete write cycles due to failed communication between
the Interrogator and the device during the write
sequences.

1.1 Device’s Communication with
Interrogator

The device can be operated in either Fast Read
Request (FRR) or Fast Read Bypass (FRB) mode,
depending on the status of bit 31 (FR: bit) of block 0. If
the FR bit is set, the device is operated in FRR mode,
and FRB mode, if the FR bit is cleared. The FR bit is
always reprogrammable and not write protectable. The
FRR mode is a default setting. The communication
between the Interrogator and tag starts with a FRR or
FRB command.

In FRR mode, the device sends a response only when
it receives the FRR command, not the FRB command.

Conversely, the device in FRB mode sends a response
when it receives the FRB command only, not the FRR
command.

If the device is set to FRR mode and also set to TTF
mode (TF bit = set), the device can send the FRR
response as soon as it is energized.

One of the main purposes of using the two different
modes (FRR and FRB) is to use the device effectively
in the item level supply-chain application, where a rapid
identification and an effective anticollision read/write
process is needed (i.e., to identify whether it is a paid
or unpaid item, or whether it passed one particular point
of interest or not). This can be done by either checking
the status of the FR bit or by checking the response of
the tag to the command. For this reason, the FR bit is
also called an Electronic Article Surveillance (EAS) bit.

1.1.1 OPERATION OF TAG IN FRR MODE

If the device is in the FRR mode (FR bit = set), the
communication between the Interrogator and the
device can start in two ways, depending on the status
of TF (Bit 30 of block 0). If the TF bit is cleared, it is
called ITF mode. In this case, the tag waits for the Inter-
rogator’s FRR command and sends the FRR response
data when it sees the FRR command. If the TF bit is
set, the device is in a TTF mode. In this case, the tag
sends the FRR response as soon as it is energized,
even without the FRR command. The tag has a short
listening window (1 ms) immediately after the FRR
response. The Interrogator sends its next command
during this listening window.

The FRR response includes the 32 bits of tag ID and
FRF (Blocks 3 -5). See Tables 7-3, 7-4 and 7-6 for
data. The Interrogator identifies which tags are in the
field by receiving their FRR responses.

Based upon the FRR response, the Interrogator will
send Matching code 1 (MC1) or Matching code 2
(MC2) during the tag’s listening window. The Interroga-
tor sends the MC1 to put the tag into SLEEP mode.
Tags in SLEEP mode never respond to any command.
Removal of the Interrogator's RF energy from the
device is the only way to wake-up the device.

If the tag needs further read/write processing, the
Interrogator sends the MC2, followed by a Read or
Write command. After the completion of reading or
writing of block data, the Interrogator sends an End
command to put the tag into SLEEP mode.

The reading and writing of the FRR devices takes place
in the Anticollision mode. For instance, if there are mul-
tiple tags in the field, the Interrogator selects one tag at
a time by controlling the tag’s time slot for the FRR
response. The Interrogator repeats this sequence until
all tags in its field are processed:

- send FRR command
- receive FRR response
- send Matching code 1 or 2 at tag’s listing window

- send Read Block command/or send Write
Block command and data

- verify read/write response

- send End command

- verify the End command response
- look for other tag’s FRR responses

1.1.2 OPERATION OF TAG IN FRB MODE

The communication with the device in the FRB mode is
initiated by the FRB command only. If the device sees
the Interrogator’s FRB command, it sends its 32-bit tag
ID and waits for the MC2. This is followed by a Read or
Write command. Once the device is read or written, the
Interrogator sends an End command. Unlike the FRR
mode, the reading and writing of the tag are processed
in a non Anticollision mode.

See Section 6.0, “Read/Write Anticollision Logic”, for
the read and write anticollision algorithm. See
Example 9-1 for command sequences and device
responses.
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MCRF450/451/452/455

2.0 ELECTRICAL

CHARACTERISTICS

TABLE 2-1: ABSOLUTE RATINGS
Parameters Symbol Min Max Units Conditions

Coil current into coil pad IPP_AC — 40 mA Peak-to-Peak coil current
Maximum power dissipation PmPD — 0.5 W —
Ambient temperature with power applied TAMB -40 +125 °C —
Assembly temperature TASM — 300 °C <10 sec.
Storage temperature TSTORE -65 150 °C —

Note: Stresses above those listed under “Maximum ratings” may cause permanent damage to the device. This is
a stress rating only and functional operation of the device at those or any other conditions above those
indicated in the operational listings of this specification is not implied. Exposure to maximum rating
conditions for extended periods may affect device reliability.

TABLE 2-2: OPERATING DC CHARACTERISTICS
Standard Operating Conditions (unless otherwise stated)
Operating Temperature = -20°C to +70°C
Parameters Symbol Min Typ Max Units Conditions
Reading voltage VDDR 2.8 — — \ VDD voltage for reading at 25°C
Operating current in IOPER_N — 20 — pA VDD = 2.8V during reading at 25°C
Normal mode
Operating current in IOPER_F — 45 — pA VDD = 2.8V during reading at 25°C
Fast mode
Writing current IWRITE — 130 — A At 25°C, VDD = 2.8V
Writing voltage VWRITE 2.8 — — Vbc |At25°C
Modulation resistance RMm — 3.0 5.0 Q DC turn-on resistance between
Drain and Source terminals of the
modulation transistor at VbD = 2.8V
Data retention — 200 — — Years |ForT <120°C
Endurance — 1.0 — — Million |At25°C
Cycles

© 2003 Microchip Technology Inc.
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MCRF450/451/452/455

TABLE 2-3: OPERATING AC CHARACTERISTICS
Standard Operating Conditions (unless otherwise stated)
Operating Temperature = -20°C to +70°C.
Parameters Symbol Min | Typ | Max | Units Conditions
Carrier frequency Fc 20 |1356| 35 | MHz
Device data rate Fm 58 70 82 kHz |Manchester coding, both Normal and
Fast modes, 70 kHz +17% (Note 1)
Pulse width of 1-of-16 PPM PWPPM_N 145 | 175 | 205 | ps |See Figure 6-2 and Table 6-7,
for Normal mode 175 us £17%
Pulse width of 1-of-16 PPM PWPPM_F 8.3 10 | 1.7 | ups | See Figure 6-2 and Table 6-7
for Fast mode
Symbol duration of 1-of- SWPPM_N 232 | 28 | 3.28 | ms |See Figure 6-9
16 PPM for Normal mode
Symbol duration of SWPPM_F 133 | 160 | 187 us
1-of-16 PPM for Fast mode
Modulation index of gap MODINDEX_GAP | 20 60 100 % | See Figure 6-2
pulse
Gap width of Interrogator GAPWIDTH_N 20 100 | 150 us | See Figure 6-2 and Table 6-7
command and data except
Fast mode data
Gap width of Fast mode GAPWIDTH_F 6.0 70 | 80 ps | See Figure 6-2 and Table 6-7
data
Coil voltage during reading VPP_AC 4.0 — — VPP | Peak-to-Peak voltage across the coil
during reading
Detuning voltage VDETUNE 3.0 4.0 — | VDC |VDD voltage at which the input voltage
limiting circuit becomes active
EEPROM (Memory) TWRITE — 5.0 — ms | Write time for a 32-bit block
Writing Time
Command Decode Time TDECODE 0.97 |1.225| 1.48 | ms |Time delay between end of command
symbol and start of the device
response
Time slot TsLoT 21 25 | 293 | ms
Listening Window TLw 082 | 1.0 | 117 | ms
Command Duration of Fast T CMD_FRR | 1.305|1.575|1.845| ms | 175 us/pulse position x 9 pulse
Read command (FRR and positions = 1.575 ms
FRB)
CRES_100 85.5 95 |104.5| pF |Between Ant. A and Vss pads at
13.56 MHz and at 25°C (MCRF451)
See Figure 2-3
Internal Resonant CRES_2 50 27 30 33 pF |Between Ant. A and Vss pads at
Capacitor 13.56 MHz and at 25°C (MCRF452)
P See Figure 2-4
CRES_50 45 50 55 pF |Between Ant. A and Vss pads at
13.56 MHz and at 25°C (MCRF455)
See Figure 2-5
Parasitic Input Capacitance CPARA_IN — 3.5 — pF | Between antenna pad A and Vss, at

of MCRF450

13.56 MHz with modulation transistor
off (no external coils). Not tested in
production

Note 1: Tested in production at VDD = 2.8 Vbc and 5.0 VDcC.

DS40232G-page 6
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MCRF450/451/452/455

TABLE 2-4: PAD COORDINATES (MICRONS)

Lower Upper Passivation Openings Pad Pad
Pad Name

LeftX | LeftY | RightX | RightY | Pad Width Pad Height | Center X | Center Y
Ant. Pad A | -853.50 | -953.90 | -764.50 | -864.90 89.00 89.00 -809.00| -909.40
Ant. PadB | 759.50 | -955.50 | 848.50 | -866.50 89.00 89.00 804.00| -911.00
Vss 769.10 | 1016.1 | 858.10 | 1105.1 89.00 89.00 813.60| 1060.6
VDD -839.50 | 83.70 | -750.50 | 172.70 89.00 89.00 795.00|  128.20
CLK 721.10 | 116.00 | 810.10 | 205.00 89.00 89.00 765.60|  160.50
FCLK -821.50 | 948.9 | -732.50 | 1037.9 89.00 89.00 -777.00 993.4

Note 1: All coordinates are referenced from the center of the die.

TABLE 2-5: DIE MECHANICAL DIMENSIONS

Specifications Min Typ Max Unit Comments
Bond pad opening — 3.5x35 — mil Note 1, Note 2
— 89 x 89 — pm
Die backgrind thickness 7.5 8 8.5 mil | Sawed 8” wafer on frame
190.5 203.2 215.9 pm | (option = WF) (Note 3)
10 1 12 mil * Bumped, sawed 8” wafer
on frame (option = WFB)
254 279.4 304.8 pm |+ Unsawed wafer (option = W)

» Unsawed 8” bumped
wafer (option = WB), (Note 3)

Die passivation thickness (multilayer) — 1.3 — pm | Note 4
Die Size:
Die size X*Y before saw (step size) — 1904 x 2340.8 — pm | —
Die size X*Y after saw — |1840.5x2277.3| — pm | —
Note 1: The bond pad size is that of the passivation opening. The metal overlaps the bond pad passivation by at
least 0.1 mil.

2: Metal Pad Composition is 98.5% Aluminum with 1% Si and 0.5% Cu.
3: As the die thickness decreases, susceptibility to cracking increases. It is recommended that the die be as
thick as the application will allow.

4: The Die Passivation Thickness (1.3 um) can vary by device depending on the mask set used. The
passivation is formed by:

- Layer 1: Oxide (undoped oxide)

- Layer 2: PSG (doped oxide)

- Layer 3: Oxynitride (top layer)
5: The conversion rate is 25.4 pm/mil.

Notice: Extreme care is urged in the handling and assembly of die products since they are susceptible to
mechanical and electrostatic damage.

TABLE 2-6: WAFER MECHANICAL SPECIFICATIONS

Specifications Min Typ Max Unit Comments
Wafer Diameter — 8 — inch
Die separation line width — 80 — pm
Dice per wafer — 6,600 — die
Batch size — 24 — wafer

© 2003 Microchip Technology Inc. DS40232G-page 7



MCRF450/451/452/455

FIGURE 2-1: MCRF450/451/452/455 DIE LAYOUT

Top View

Y
(Notch edge of wafer)

1590.6
| -
\%
FCLKT A 58
865.2 9001
VDD% % CLK
— X
1037.6 1071.5
JRESREEE |
Ant.Al ir 1 Ant. B

1613

Note: Coordinate units are in pm.

See Table 2-5 for die mechanical dimensions.

Die size before saw: Die size after saw: Bond pad size:

1904.0 pm x 2340.8 um 1840.5 pm x 2277.3 um 89 um x 89 um
1.904 mm x 2.3408 mm 1.8405 mm x 2.2773 mm 0.089 mm x 0.089 mm
74.96 mil x 92.16 mil 72.46 mil x 89.66 mil 3.5 mil x 3.5 mil

Bumped die:
Bumped Pad: Four corner pads (FCLK, VsS, Antenna B, Antenna A)
Bumping Material: 99.6% Gold
Bump Height: 25 uym +3 um
Bump Size: 103 um x 103 um (Covered all passivation opening of bond pad)
Other area except the four bumped pads: Covered by Polyamide
Thickness of Polyamide: 3 um

DS40232G-page 8 © 2003 Microchip Technology Inc.
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TABLE 2-7: PAD FUNCTION TABLE

Name Function

Ant. Pad A | Connected to antenna coil L1.

Ant. Pad B | Connected to antenna coils L1 and L2
for MCRF450/451/455, NC for
MCRF452.

Vss Connected to antenna coil L2.
Device ground during Test mode.
(Vss = substrate)

FcLk For device test only. Leave floating or

CLK connect to Vss in applications.

VDD For device test only. Leave floating in
applications.

Note: NC = Not Connected.

FIGURE 2-2: EXTERNAL CIRCUIT CONFIGURATION FOR MCRF450
(a) Two inductors and one capacitor
_ 1 _ 1
Ant. A ftuned B I LTC fdetuned B o L]C

L; = Total antenna inductance between Ant. A and Vss

Lr.=L,+L,+2L

MCRF450 T 1 72 M

C= Where: L, = mutual inductance of L1 and L2
Vss
L2 Ly = KJyEils
L1>L2 Note: Substrate = Vss K = coupling coefficient of two inductors (0 <K < 1)
(b) One inductor and two capacitors
Ant. A
/ 1
ftuned - fdetuned -
2n LTCT 2n LCI
MCRF450
L 69
T C,+C
Vss 172

C1>C2 Note: Substrate = Vss

Note: Input parasitic capacitance between Antenna A and Vss pads = 3.5 pF.
See application notes, AN710 and AN830 for antenna circuit design.
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FIGURE 2-3: EXTERNAL CIRCUIT CONFIGURATION FOR MCRF451

_A MCRF451
Ant. A Internal Resonant Capacitor (Cres_100) = 95 pF

L1: External Antenna Coil A
L2: External Antenna Coil B

Int. Res. Cap.
=95 pF

1 1

ftuned = fdetuned -
vss on /(LT)95X10712 2n /(L])95><107]2

L = Total antenna inductance between Ant. A and Vss

L1>L2 Note: Substrate = Vss

FIGURE 2-4: EXTERNAL CIRCUIT CONFIGURATION FOR MCRF452

Ant. A MCRF452
Internal Resonant Capacitor between Ant. A and Vss pads:
50.6 pF CRES_2 50 + parasitic capacitor = 30 pF
Int. Res. Cap.
=30 pF

1 1

Vss ftuned - 12 fdetuned - 12
Ant. B 214 (L)30x10 21Al(L)50.6x10

Note: Substrate = Vss

FIGURE 2-5: EXTERNAL CIRCUIT CONFIGURATION FOR MCRF455
Ant. A MCRF455 Internal Resonant Capacitor (Cres_50) = 50 pF
1 1
ftuned = 2 fdetuned - 12
Int. Res. Cap. 2n (LT)50><10 2n (L])50><10

=50 pF
L; = Total antenna inductance between Ant. A and Vss

Vss

L1>L2 Note: Substrate =Vss

L1: External Antenna Coil A
L2: External Antenna Coil B

Note: See application notes AN710 and AN830 for antenna circuit design of
Figure 2-2 through Figure 2-5.
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TABLE 2-8: INTERNAL RESONANT CAPACITANCE AND ANTENNA INDUCTANCE
REQUIREMENTS
External
Resonant Inductance
Device Capacitance Requirement Connection to External Reference
Name (Antenna A to | between Antenna Antenna Circuit
Vss) A and Vss for
13.56 MHz tag
MCRF451 95 pF £10% 1.45 uH +10% Antenna A, B, and This device requires three connec-
Vss pads tions to an external circuit. Good for
direct die attachment onto antenna.
MCRF452 30 pF £10% 4.591 uH £10% | Antenna A and Vss pads | This device requires only two
antenna connections. Good for both
direct die attachment and COB.
MCRF455 50 pF £10% 2.76 pH £10% Antenna A, B, and This device requires three connec-
Vss pads tions to an external circuit. Good for
direct die attachment onto antenna.

Note: The internal capacitance value for bumped die is about 1 pF higher than the unbumped die’s capacitor.

© 2003 Microchip Technology Inc.
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3.0 BLOCKDIAGRAM

The device contains four major sections. They are:
Analog Front-End, Detection/Encoding, Read/Write
Anticollision Logic and Memory sections. Figure 3-1
shows the block diagram of the device.

FIGURE 3-1: BLOCK DIAGRAM
ANALOG FRONT-END SECTION DETECTS'CE’g'ﬁgﬁOD'NG MEMORY SECTION
High Voltage (HV)
_L EKOWV It
& [L,|High/Low Voltage| _,, |—> Demodulator (Detector) g volage P
% Regulator To Memory Regulator Memory Array |«
3 (High Voltage) l ]
> VDD
=1 4 Fast Mode ™ PPM Ly Command
‘g" e Detuning Circuit Oscillator [4—__Decoder Decoder
Q
¢} VDD »  Registers
3 Power-on Reset
c
= (POR) o CRC/Parity Generator and Checker
> To Anticollision
Command Controller 4
(VDD) v
Clock Generator P
Data Encoder <
\—b Main Clock <
Modulation [« !

READ/WRITE anticollision SECTION

A

VDD from POR —| Anticollision Command Controller

Time Slot (TC, TSMAX, Tag ID)

Counter

Y
A

Time Slot Generator
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FIGURE 3-2: DATA WAVEFORM OF DEVICE

SIGNAL WAVEFORM DESCRIPTION

Data +'1*'0:'1' 1:0:0:0: 11010 DigitalData

ok ﬂlﬁMMllM el Clock Signa

— : : : : : : : : . :Non Return to Zero - Level

fNRZ -L : Lo : . “1”is represented by logic high level.
(Reference only) ! Lo ! . “0”is represented by logic low level.

Biphase - Level (Split Phase)
A level change occurs at middle of
every bit clock period.
“1” is represented by a high to low
level change at midclock.
“0” is represented by a low to high
level change at midclock.

BIPHASE - L
(Manchester)
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4.0 ANALOG FRONT-END

This section includes high and low voltage regulators,
Power-on Reset, 70 kHz clock generator and modula-
tion circuits.

4.1 High and Low Voltage Regulator

The high voltage circuit generates the programming
voltage for the memory section. The low voltage circuit
generates DC voltage (VDD) to operate the device.

4.2 Power-On Reset (POR)

This circuit generates a Power-on Reset (POR) volt-
age. The POR releases when sufficient power has
been developed by the voltage regulator to allow for
correct operation.

4.3 Clock Generator

This circuit generates a clock (CLK). The main clock is
generated by an on-board 70 kHz time base oscillator.
This clock is used for all timing in the device, except for
the Fast mode PPM decoding.

4.4 Data Modulation

The data modulation circuit consists of a modulation
transistor and a LC resonant circuit. The resonant
circuit must be tuned to the carrier frequency of the
Interrogator  (i.e., 13.56 MHz) for maximum
performance.

The modulation transistor is placed between antenna B
and Vss pads. It is designed to result in the turn-on
resistance of less than five ohms (RM). This small turn-
on resistance shorts the resonant circuit component
between antenna B and Vss pads as it turns on. This
results in a change of the resonant frequency of the
resonant circuit. Consequently, the resonant circuit
becomes detuned with respect to the carrier frequency
of the Interrogator. The voltage across the resonant cir-
cuit is minimized during this time. This condition is
called “cloaking”.

The transistor, however, releases the resonant circuit
as it turns off. Therefore, the resonant circuit tunes to
the carrier frequency of the Interrogator again and
develops maximum voltage. This condition is called
“uncloaking”.

The device transmits data by cloaking and uncloaking,
based on the on/off condition of the modulation transis-
tor. Using the 70 kHz Manchester format, the data bit
‘0’ will be sent by cloaking and uncloaking the device
for 7 us each. Similarly, the data bit ‘1’ will be sent by
uncloaking and cloaking the device for 7 ps each. See
Figure 6-1 for the Manchester waveform.

4.5 Detuning Circuit

The purpose of this circuit is to prevent excessive RF
voltage across the resonant circuit.

This circuit monitors VDD and detunes the resonant
circuit if the RF coil voltage exceeds the threshold limit
(VDETUNE), which is above the operating voltage of the
device.
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5.0 DETECTION AND ENCODING

This section encodes data with the Manchester format
and also detects commands from the Interrogator.

5.1 Demodulator (Detector)

This circuit demodulates the Interrogator commands
and sends them to the PPM decoder.

5.2 Fast Mode Oscillator

This oscillator generates a clock frequency that is used
for decoding Fast mode commands.

5.3 PPM Signal Decoder

This section decodes the PPM signals and sends the
results to the command decoder and CRC/parity
checker.

54 Command Decoder

This section decodes the Interrogator commands and
sends the results to the Anticollision/command
controller.

5.5 CRC/Parity Generator and
Checker

This section generates cyclic redundancy code (CRC)
and parity bits for transmitting and receiving data. The
device utilizes a 16-bit CRC for error detection. Its
polynomial and initial values are:

CRC Polynomial: X18+X12+x5+X0
Initial Value: $FFFF

This polynomial is also known as CRC CCITT (Consul-
tative Committee for International Telegraph and Tele-
phone). The Interrogator also uses the same CRC for
data processing. The device uses the CRC in the
following ways:

1. CRC for blocks (except blocks 0 and 2): The
Interrogator will send a Write command with
CRC. When the device receives this command,
it checks the CRC prior to any processing. If it is
a correct CRC, the device programs the block
data and also stores the CRC in the EEPROM.
As soon as the data is written into memory, both
the programmed data and Stored CRC (SCRC)
are sent back to the Interrogator as verification.
The device also sends the programmed data
and SCRC when there is a response to the
Read command.

If the CRC is incorrect, the device ignores the
incoming message (does not respond to the
Interrogator) and waits for the next command with
a correct CRC.

2. CRC for blocks 0 and 2: When reading block 0
or 2, a Calculated CRC (CCRC) is sent. This is
because both the TF and FR bits in block 0 are
non write-protectable, while the rest of the bits in
the block are write-protectable. This means the
SCRC in the block no longer represents the
CRC of the block data, if only the TF or the FR
bit is reprogrammed. This is also true for block
2, which is a write-protection block. The write-
protected bit cannot be reprogrammed once it
has been written. Therefore, the SCRC in blocks
0 and 2 are not used. Instead, the device
calculates the current CRC of the block and
sends it to the Interrogator.

3. CRC for FRR response: For the Fast Read (FR)
response (this is the device response to an FRR
command), the CCRC of the tag ID and FRF
(blocks 3-5) data is sent. The data length of the
FRF is determined by DF bits (see Table 7-6).

5.6 Data Encoder

This section multiplexes serial data, encodes it into
Manchester format and sends it to the modulation
circuit. See Figure 3-2 for the Manchester waveform.

© 2003 Microchip Technology Inc.
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6.0 READ/WRITE ANTICOLLISION
LOGIC

This section includes the anticollision algorithm of the
device and consists of the Anticollision/command
controller, the time slot generator and the time slot
counter.

6.1 Description of Algorithm

The read/write anticollision algorithm is based on time
division multiplexing of tag responses. Each device is
allowed to communicate with the Interrogator in its time
slot only. When not in its assigned time slot, the device
remains in a nonmodulating condition. This enables the
Interrogator to communicate with other devices in the
same Interrogator field with fewer chances of data col-
lision.

Figure 6-1 shows the anticollision algorithm flowchart,
which consists of four control loops. They are: Detec-
tion, Processing, Sleeping and Reactivation loops. All
devices in the Interrogator’s RF field are controlled by
five different commands and internal control flags.

The Interrogator commands are:

1. Fast Read Request (FRR): If the TF bit (bit 30
or block 0) is cleared, the device responds only
to the FRR command. The FRR command
consists of five specially timed gap pulses (refer
to Figures 6-3 to 6-7). The position of the five
gap pulses in the given time span (1.575 ms)
determines the parameters of the command.
The command has three parameters: TCMAX,
TSMAX and Data transmission speed. The
details of these parameters will be discussed in
the following sections. If the device receives the
FRR command, it sends the FR response
and then listens for 1 ms (TLw) for a matching
code from the Interrogator.

2. Fast Read Bypass (FRB): This command is
used in the Reactivation loop and is only appli-
cable to a device with the FR bit (bit 31 in block
0) cleared. The device responds with 64 bits of
data, which includes block 1 data (32-bit Tag ID),
and then listens for 1 ms (TLw) for a matching
code from the Interrogator. The command
structure is the same as the FRR command: five
specially timed gap pulses (1.575 ms). The
command parameter (Figure 6-8) determines
the data rate (normal speed or fast speed) of
subsequent Interrogator commands.

3. Matching Code 1 (MC1): This command
consists of time calibration pulses (TCP)
followed by 1-0f-16 PPM signals. It is used when
the device does not need any further process-
ing. This MC1 command causes a device, which
is in the detection loop, to enter the sleeping
loop.

4. Matching Code 2 (MC2): The command struc-
ture is the same as MC1: TCP followed by
1-0f-16 PPM signals. The command is used
when the device needs further processing (read/
write). The device enters the processing loop if
it receives this command in the detection loop.

The MC1 and MC2 matching code command
consists of 12 bits or 3 symbols. The first 8 bits,
or the first two symbols, are selected from the
32-bit Tag ID. The next 4 bits, or the 3rd symbol,
determine the matching code type (3 bits) and a
parity bit (see Section 6.2.3.6). The command
lasts for about 11.2 ms, including the TCP.

5. End Process (EP): This command consists of
the time reference pulses followed by
1-0f-16 PPM signals. The EP command causes
a device to exit the processing loop and enter
the sleeping loop.

6.1.1 DETECTION LOOP

If the FR bit (bit 31 of block 0) is set, the device can
enter this loop in two ways, depending on the condition
of the TF bit (bit 30 of block 0). They are:

1. When the TF bit is cleared, the device enters
this loop and waits for a FRR command. This is
called the “Interrogator-Talks-First” (ITF) mode.

2. When the TF bit is set, the device enters this
loop by transmitting the FR response without
waiting for an FRR command. This is called the
“Tag-Talks-First” (TTF) mode.

For case 1 above, the parameters of the FRR are:

+ Maximum number of time slots
(TSMAX =1, 16, or 64),
* Maximum transmission counter
(TCMAX =1, 2, or 4),
+ Data transmission speed (Normal or Fast mode).

The purpose of the TSMAX and TCMAX parameters is
to acknowledge the device in the detection loop as fast
as possible. TSMAX represents the maximum number
of time slots between the end of the FRR command and
the beginning of the FR response. One time slot
(TsLoT) represents 2.5 ms. For example, TSMAX = 64
represents a maximum time delay of 160 ms before
sending the FR response. See Section 6.3 for the
calculation of actual time delay. TCMAX represents the
maximum number of FR responses a device can send
after an FRR command. For example, TCMAX =4
means the device can send its FR response four times
(after the FRR command) for acknowledgment
(matching code).

The TSMAX and TCMAX values are determined by the
Interrogator’s decision on how many tags are in the
field. The Interrogator may assign TSMAX =1 and
TCMAX = 1, assuming there is only one tag in the field.
The efficiency of the detection will increase in multiple
tag environments by assigning a higher number to both
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the TSMAX and TCMAX. If the device receives the
FRR, it clears the Position 1 flag, waits for its time slot,
replies with the FR response and then listens for 1 ms.
The FR response consists of a maximum of 160
Manchester data bits (default: 96 bits), which includes
the 32-bit Tag ID and the FRF data (blocks 3-5) (see
Table 6-3 and Example 9-1).

To acknowledge the FR response, the Interrogator can
start to send a matching code (MC) during the device’s
1 ms listening window (TLw). The MC is encoded with
1-of-16 PPM signal (see Figure 6-9). The MC1 is given
to the device if the device does not need any further
processing. If the device receives the MC1, it enters the
sleeping loop and stays in the loop in a nonmodulating
condition. The MC2 command is given to the device if
further processing (read/write) is required. If the device
receives the MC2 command, it enters the processing
loop.

If the device misses the MC within the listening window,
it sends the FR response again after its time slot when
two conditions are met: (1) Position 1 flag is cleared
and, (2) TCMAX has not elapsed. The device checks
the condition (elapsed or not elapsed) of TCMAX using
an internal transmission counter (TC). The TC consists
of 3 bits. If the Position 1 flag is cleared, the device
increments the TC by 1 each time it does not receive a
MC during its listening window. See Figure 6-1 for a
flow chart showing the conditional incrementing of the
transmission counter. Table 6-1 shows an example of
detecting the elapsed TCMAX using a rolling modulo-8
transmission counter.

For the TTF case, the device repeats its FR response
(as long as it is energized) according to the TCMAX
and TSMAX parameters, as specified in Table 7-5.
Even though the device is operating in the TTF mode,
it will respond to its correct MC during its listening
window. If TCMAX =1, 2 or 4, it will also respond to
FRR commands, just as in the ITF case (see
Section 6.1.1.1).

6.1.1.1 Matching Code Queuing

Once the device receives the FRR command, it sends
the FR response and waits for a matching code (MC)
during its listening window. If the device does not
receive its correct MC code before its TCMAX has
elapsed (see Table 6-1), it goes back to the beginning
of the detection loop (position 1 in the loop) and waits
for either a new FRR command or for the MC1 or MC2
matching code. This is called “matching code queuing”.
In this queuing, the device stays in the detection loop
waiting for an Interrogator command (FRR or MC). This
queuing takes place within the detection loop and is
controlled by the conditions of "Set Position 1 Flag" and
TCMAX.

This queuing allows the Interrogator to communicate
with a device outside its listening window. The result is
enhanced and accelerated processing of individual
devices in a multiple tag environment.

TABLE 6-1: CONDITIONS FOR
TCMAX = ELAPSED FOR ITF
MODE
Rolling TCMAX TCMAX | TCMAX

Modulo -8 TC =1 =2 =

0 0 1 elapsed — —

0 1 0 elapsed elapsed —

0 1 1 elapsed — —

1 0 0 elapsed elapsed elapsed

1 0 1 elapsed — —

1 1 0 elapsed elapsed —

1 1 1 elapsed — elapsed

0 0 0 elapsed elapsed —

6.1.2 PROCESSING LOOP

The reading and writing processes take place in this
loop. Devices in this loop are waiting for commands for
processing. In order to read from, or write to, the
device, its “Processing Flag” (PF) must be set. Any
device entering this loop with its PF cleared is called a
“follow-along” tag. This follow-along tag in the loop is
not processed for reading or writing.

If the device with the PF flag set receives the EP
command, it exits this loop and enters the sleeping
loop. However, the same EP command sends the
follow-along tag back to the detection loop.

If the device receives the FRR or FRB command in this
loop, it sees the command as invalid, resets itself and
goes back to the initial power-up state.

6.1.3 SLEEPING LOOP

The sleeping loop is used to keep all processed
devices in a “silent” condition. The devices stay in this
loop in a nonmodulating condition as long as they
remain in the field.

6.1.4 REACTIVATION LOOP

The reactivation loop is used to process a device with
its FR bit cleared. A device in this loop waits for the
FRB command. If a device receives the FRB
command, it transmits the contents of block 1 (Tag ID)
to its memory and waits for a MC2 in its listening
window. If the device receives the MC2, it leaves this
loop and enters the processing loop. This reactivation
loop has no anticollision capability. It is designed for
reactivation of single devices. This loop can be
effectively used in retail store applications to process
returning items from customers.

© 2003 Microchip Technology Inc.
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FIGURE 6-1: ANTICOLLISION FLOW CHART
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6.2 Anticollision Command Controller

This section discusses the anticollision algorithm and

describes  the
Interrogator and device.

6.2.1

communications

STRUCTURE OF READ/ WRITE

COMMAND SIGNALS

The Interrogator’'s Read/Write commands have the

following structure:

Read/Write command = Command + Address + Data + Parity (or CRC)
The commands are summarized in the table below:

between

the

TABLE 6-2: READ/WRITE COMMANDS FROM INTERROGATOR TO DEVICE
Irggl:cr)ngaa:gr Coglor::nd Address Data Parity or CRC SLZ:I;t%I
Unused 0xx XXXXX — — —
Read 32-bit block 110 aaaaa — Parity 3 symbols
Unused 111 00xxX — — —
Unused 111 0100x — — —
End Process 111 01010 — Parity 3 symbols
Unused 111 01011 — — —
Unused 111 0llxx — — —
Unused 111 1000x — — —
Set Talk First Bit 111 10010 — Parity 3 symbols
Set FR Bit 111 10011 — Parity 3 symbols
Clear Talk First Bit 111 10100 — Parity 3 symbols
Clear FR Bit 111 10101 — Parity 3 symbols
Unused 111 1011x — — —
Unused 111 11xxx — — —
Unused 100 XXXXX — — —
Write 32-bit block 101 aaaaa 32 bits CRC-16 14 symbols

Legend: aaaaa = Block address

x = don’t care
Note:

* Command and address are sent MSN (Most

Significant nibble) first.

» Data and parity/CRC are sent LSN (Least

Significant nibble) first.

+ Calculation of Parity and CRC includes Command

code, Address, and Data.

» See Microchip Application Note AN752

(DS00752) for the CRC-16 calculation algorithm.

© 2003 Microchip Technology Inc.
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6.2.2 STRUCTURE OF DEVICE

RESPONSE

When the device receives the Interrogator command, it
responds with 70 kHz Manchester encoded data
having the following structures:

Device Response to FRR Command: Preamble (8
bits) + TC (3 bits) + TP (4 bits) + ’0’ + 32 bits of Tag ID
(block 1 data) + FRF data (32 - 96 bits) + Calculated
CRC (SCRC, 16 bits) of Tag ID and FRF data = 96 - 160
bits depending on FRF data length.

Note: The preamble + TC + TP + ’0’ are not included
for the CRC calculation.

Device Response to FRB Command: Preamble (8
bits) +°00001’ +’000’ + 32 bits of Tag ID (block 1 data)

Device Response of Interrogator’s Read command
for blocks 0 and 2:

Preamble (8 bits) + Block Number (5 bits) + ‘000" +
Block Data (32 bits) + Calculated 16 bit CRC (CCRC).

Note: The CCRC is calculated by using block number
and block data only. Preamble and ‘000’ are not
included in the CRC calculation.

Device Response of Interrogator’s Read Command
for all other blocks:

Device Response = Preamble (8 bits) + Block Number
(5 bits) + ‘000’ + Block Data (32 bits) + Stored CRC
(SCRC, 16 bits) in the same block.

+ Stored CRC (SCRC, 16 bits) of block 1 = 64 bits.

TABLE 6-3: INTERROGATOR COMMANDS AND DEVICE RESPONSES
Interrogator Command Delay Device Response

Read block 0 and block 2 data TDECODE Preamble, block #, ‘000’, block data, CCRC

Read block data except for TDECODE Preamble, block #, ‘000’, block data, SCRC

block 0 and block 2

Write block data TWRITE For blocks 0 and 2: Preamble, block #, ‘000’, block data, CCRC
For all others: Preamble, block #, ‘000’, block data, SCRC

Set Fast Read (FR) bit TWRITE Preamble, 1 byte ‘0’s, block 0 data, CCRC

Clear Fast Read (FR) bit TWRITE Preamble, 1 byte ‘0’s, block 0 data, CCRC

Set Talk First (TF) bit TWRITE Preamble, 1 byte ‘0’s, block 0 data, CCRC

Clear Talk First (TF) bit TWRITE Preamble, 1 byte ‘0’s, block 0 data, CCRC

End Process (EP) TDECODE Preamble

FRR f(TSMAX, TCMAX, 8-bit Tag ID) | Preamble, TC, TP, ‘0’, Tag ID, FRF, FRR_CCRC

FRB TDECODE Preamble, address of block #1 ('00001’), ‘000’, Tag ID (32 bits),
SCRC of Block 1

References used in this table are as follows:
Preamble = 11111110 (8 bits).'0’ is transmitted last.
Block # = 5 bit addressed block, transmits Least Significant bit (LSb) first.

Block data = 32-bit data of the addressed block, transmits LSb first.

CCRC = Calculated CRC of the preceding block number and block data. Transmits LSb first.

SCRC = Stored CRC. This SCRC is the CRC of the Write command, address, and data from the Interrogator, LSb first. The device
stores the received CRC for each block. See Section 7.2 for details.

FRR_CRC = Calculated CRC of 32-bit Tag ID and fast read field (FRF) data.

TP = Tag parameters (4 bits: ‘0’, DF0, DF1, parity). where DF0O and DF1 determine the FR field length (see Table 7-6).
TC = Transmission counter (3 bits), transmits LSb first.
Parity = Even parity bit of TC and TP.

Tag ID = 32 bits of unique identification code of the device, transmits LSb first. This Tag ID is preprogrammed in the factory prior to

shipping.

8-bit Tag ID = 8 bits of Tag ID selected from the 32 bits of the unique tag identification code. Transmits LSb first (see Section 6.2.3.6
for selecting the 8 bits from the Tag ID).

FRF = Fast Read Field (blocks 3-5), transmits LSb first (see Section 7.0).

f(TSMAX, TCMAX, 8-bit Tag ID = Delay is a function of the TSMAX, TCMAX and 8-bit Tag ID.
TWRITE = Writing time for EEPROM (see Table 2-3).
TDECODE = Time requirement for command decoding (see Table 2-3).

Examples are given in Section 9.0, “Examples”.
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6.2.3 DETECTION OF INTERROGATOR
COMMANDS

The Interrogator sends commands to the device by
amplitude modulating the carrier signal (gap pulse).
The Interrogator uses two classes of encoding signals
for modulation. They are (1) 1-of-16 PPM for data
transmission, and (2) specially timed gap pulse
sequence for the FRR and FRB commands. These
commands consist of five gap pulses within nine possi-
ble gap pulse positions (1.575 ms). The combination of
the possible gap positions determines the command
type and parameters of the Fast Read command.

The Interrogator also sends TCP prior to the 1-of-
16 PPM. The TCP is used to calibrate the time-base of
the decoder in the device. The specifics of the two
encoding methods and the TCP are described in the
following sections.

6.2.3.1 Fast Read (FR) Commands

The FR commands are composed of five 175 ps wide
gap pulses (see Figure 6-2) whose spacing within
1.575 ms determines the command type and its param-
eters. Table 6-4 shows the specification of the gap
signal for the FR commands. Two commands are used
for the fast read. They are: (1) Fast Read Request
(FRR) in the Detection loop, and (2) Fast Read Bypass

(FRB) in the Reactivation loop. See Tables 6-5 and 6-6
for the FRR gap pulse positions. See Figures 6-3 to 6-8
for the gap modulation patterns.

The parameters of FRR are: (1) number of time slots
(TSMAX =1,16, or 64), (2) maximum transmission
counter (TCMAX) and (3) data transmission speed.
The FRB has only a data transmission speed parame-
ter (Normal or Fast Speed mode). The device extracts
these parameters based on the positions of the five gap
pulses within the 1.575 ms time span, as shown in
Figures 6-3 to 6-8.

TSMAX = 1 is given if there is only one device in the
field. This is called “Conveyor mode” or “single tag
environment”. In this mode, the device responds with
the FR response signal in every time slot until it
receives a correct matching code, or until TCMAX is
elapsed.

6.2.3.2 Data Transmission Speed

The Interrogator can send data with two different data
rates: (1) Normal and (2) Fast Speed modes. The
normal speed uses 2.8 ms/symbol, while the fast
speed uses 160 ps/symbol. One symbol represents
one 4-bit data packet (see Section 6.2.3.4 for 1-of-
16 PPM). The data transmission speed is a parameter
of the FRR and FRB commands. This parameter
indicates the data speed of subsequent Interrogator
commands. The data rate of the device output (70 kHz)
is not affected by this parameter.

TABLE 6-4: SPECIFICATION OF GAP SIGNAL FOR FRR AND FRB COMMANDS
Number of gaps for one command 5
Total available number of gap positions within the command time span 9
Command time span 1.575 ms
Gap pulse width 175 us

© 2003 Microchip Technology Inc.
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TABLE 6-5: SPECIFICATION OF MODULATION SEQUENCE FOR FRR COMMAND

Maximum Time Slot

(TSMAX) TCMAX Gap Pulse Position Data Transmission Mode

1 1 1,2,3,4,6 Normal Speed
1,3,5,6,8 Fast Speed

2 1,2,3,4,5 Normal Speed
1,3,5,6,7 Fast Speed

4 1,2,3,5,6 Normal Speed
1,3,5,7,8 Fast Speed

16 1 1,2,4,6,8 Normal Speed
1,3,4,6,8 Fast Speed

2 1,2,4,6,7 Normal Speed
1,3,4,6,7 Fast Speed

4 1,2,4,5,6 Normal Speed
1,3,4,5,6 Fast Speed

64 1 1,2,4,5,7 Normal Speed
1,3,4,5,7 Fast Speed

TABLE 6-6: SPECIFICATION OF MODULATION SEQUENCE FOR FRB COMMAND

Symbol Gap Pulse Position Data Transmission Mode
FRB_N 1,2,3,5,7 Normal Speed
FRB_F 1,3,5,7,9 Fast Speed
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FIGURE 6-2: PULSE WAVEFORM OF GAP AND 1-OF-16 PPM SIGNALS
A
100% | - gua - - - - - - - - - - - - - - A - - - - - - - - - - - - - - - A - - - - - - - - - - - - - - - -
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(a) Example of Interrogator’s signal received at tag’s antenna coil.
See Table 6-7 for the specifications of t1, t2, and modulation depth (modulation index).
The Modulation Index is defined as:
Modulation Index = 7 ;B x 100%
A
(b) FRR command waveform for Figure 6-3 (A) with near 100% Modulation Index
+ B
A
(c) FRR command waveform for Figure 6-3 (A) with near 20% Modulation Index
TABLE 6-7: WAVEFORM CHARACTERISTICS OF GAP AND 1-OF-16 PPM SIGNALS
Signal Symbol Min Typ Max Unit Conditions
Gap signal and t1 145 175 205 us PWPPM_N
1-0f-16 PPM for t2 20 100 150 us | Measured at 50%, See Figure 6-2
Normal mode GAPWIDTH_N
MODINDEX_GAP 20 60 100 % See Figure 6-2
1-0f-16 PPM for t1 8.3 10 11.7 us PWpPPM_F
Fast mode t2 6.0 7.0 8.0 us | Measured at 50%, See Figure 6-2
GAPWIDTH_F
MODINDEX_GAP 20 60 100 % See Figure 6-2

© 2003 Microchip Technology Inc.

DS40232G-page 23



MCRF450/451/452/455

The following figures show the various modulation In the figures, Pmn represents mth gap pulse at nth gap
patterns of the Fast Read commands (FRR and FRB). position in the given data packet (symbol).

Each command consists of a combination of five gap

pulses within nine possible gap positions. The pulse

width of each gap is 175 us and the total time span of

each command for the nine possible positions is

1.575 ms (175 pus x 9 = 1.575 ms).

FIGURE 6-3: GAP MODULATION PATTERNS FOR FRR, NORMAL SPEED, TSMAX =1
(us)
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FIGURE 6-4: GAP MODULATION PATTERNS FOR FRR, FAST SPEED, TSMAX =1
(us)
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FIGURE 6-5: GAP MODULATION PATTERNS FOR FRR, NORMAL SPEED, TSMAX =16
(ns)
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FIGURE 6-6: GAP MODULATION PATTERNS FOR FRR, FAST SPEED, TSMAX =16
(us)
1]
(A) TCMAX =1 05— | P11 P23 H P34 P46 P58
0- 1 I 1 1 1 1 1 1 I I I
200 400 600 800 1000 1200 1400 1600
(ns)
1 —
(B) TCMAX =2 05— | P11 P23 H P34 P46 H P57
0- 1 1 1 | 1 1 I 1 1 1 I
200 400 600 800 1000 1200 1400 1600
(us)
1
(C) TCMAX =4 05— | P11 P23 H P34 H P45 H P56
0- 1 I 1 1 ) 1 ! 1 ! 1 1 1 |
200 400 600 800 1000 1200 1400 1600
FIGURE 6-7: GAP MODULATION PATTERNS FOR FRR, TSMAX = 64, TCMAX =1
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FIGURE 6-8: GAP MODULATION PATTERNS FOR FRB (FAST REQUEST BYPASS)
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6.2.3.3 Usage Of TSMAX And TCMAX

The parameters of TSMAX and TCMAX are deter-
mined by an expected number of tags in the Detection
Loop. The following table shows the recommended

EQUATION 6-1: COMMAND REPEAT TIME

FRR command repeat times for each of the 7 possible
combinations of TSMAX and TCMAX. The command
repeat time in Table 6-8 is calculated by:

Where:

1.17 is related to the tolerance of the baud rate.

Command Repeat Time = TSMAX x TCMAX x 2.5ms x 1.17

TABLE 6-8: FRR COMMAND REPEAT TIME VS. (TSMAX, TCMAX)
(TSMAX, TCMAX) (1.1) (1.2) (16,1) (16,2) (16,4) (64,1)
Command Repeat Time | 2.925ms | 5.85ms 11.7ms 46.8 ms 93.6ms | 187.2ms | 187.2ms

6.2.3.4 1-0f-16 PPM

The Interrogator uses 1-of-16 Pulse Position Modula-
tion (PPM) for MC1 and MC2 matching codes, End
Process (EP) and also commands in Table 6-2. 1-of-
16 PPM uses only one gap pulse in one of sixteen
possible pulse positions for sending 4-bit symbols
(24 =16). This means one symbol (one data packet)
represents 4 bits of binary data. One symbol lasts for
2.8 ms and 160 pus for Normal Speed and Fast Speed
mode, respectively. All communications begin with

TABLE 6-9:

time calibration pulses (TCP) composed of three
pulses in positions, zero, six and fourteen of a 1-of-
16 PPM symbol, as shown in Figure 6-10.

1-OF-16 PPM PULSE SPECIFICATIONS

Normal Mode

Fast Mode

Modulation depth (MODINDEX_GAP)

100% (max)

100% (max)

Pulse width

175 ps (typical)

10 ps (typical)

Gap width 100 ps (typical) 7 us (typical)
Pulse positions per symbol 16 16
Symbol width 2.8 ms (typical) 160 ps (typical)

Calibration sequence

Pulses in positions 0, 6, 14

Pulses in positions 0, 6, 14

© 2003 Microchip Technology Inc.
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1-0F-16 PPM REPRESENTATION FOR HEX VALUES FOR NORMAL SPEED MODE

FIGURE 6-9:
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6.2.3.5 Calibration Of Time Reference For

Decoding

The device uses TCP to match its internal decoder
timing to the Interrogator timing. The Interrogator
transmits the timing pulses at the start of all commands
and at least every 17 symbols. The TCP uses a code
violation of the 1-of-16 PPM signal consisting of three
gap pulses within one symbol. The first gap pulse is
located at position 0, the second gap pulse at position
6 and the third at position 14 of the symbol. The time
period between the last two gap pulses is used to
calibrate the device’s timing for decoding. Figure 6-10
shows the calibration pulses for Normal Speed mode.
The waveform of the gap pulses is the same as the 1-
of-16 PPM signal, as shown in Figure 6-2. For Fast
Speed mode, the gap positions are the same.
PWPPM_F is the gap pulse width and SWPPM_F is the
symbol width of the Fast mode.

FIGURE 6-10: CALIBRATION PULSES FOR NORMAL SPEED MODE
(ms)
Gap Pulse Width
(PWPPM_N)
P <+—>
Calibration Time Reference
0.5 —— < >
R | = | | A
| —\ 500 1000 k 1500 2000 2500 | 3000
| Position 0 Position 6 | Position 14
| «¢ ;I
Symbol Width
(SWPPM_N)
6.2.3.6 Calculation Of Matching Code The matching code type and parity bit is bit-wise

When the Interrogator receives the FR response from
a device, it sends an MC to select the device. The MC
is sent during the device’s listening window. There are
two different types of matching codes: MC1 and MC2.
Both MC1 and MC2 are used in the detection loop.
MC2 is used in the reactivation loop, as detailed in
Figure 6-1. The MC1 command is used to send the
device to the sleeping loop, while MC2 is used to send
the device to the processing loop.

The MC is an 8-bit “match” of tag ID followed by 4-bit
matching code type and parity bit such that:

Matching code (12 bits) = “match (8 bits of tag ID)”
+ matching code type (3 bits)+ parity (1-bit)

structured as follows:

* MC1: 010P
« MC2: 100P

where P represents the parity bit of all match bits (8
bits) plus the MC type (3 bits).

The “match” part of the MC is 8 bits of the 32-bit Tag ID.
The Interrogator selects the 8 bits from the 32-bit Tag
ID by calculating the bit range of the Tag ID.
Equation 6-2 shows the equation for selecting the bit
range using the transmission counter (TC). Both the
32-bit Tag ID and TC are included in the FR response.
An example for the calculation of the matching code is
given in Example 9-2.

© 2003 Microchip Technology Inc.
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EQUATION 6-2:  BIT-WISE EQUATION FOR

“MATCH”

“Match” = Tag ID bit range a: b
{4*TC} modulo 32: {4 (TC +1) + 3} modulo 32

where {} modulo 32 means the remainder of {}
divided by 32. For example, {28} modulo 32 and {35}
modulo 32 are 28 and 3, respectively.

6.3 Time Slot Generator

This block generates time slots for the device. The time
slot represents the time delay between the end of the
FRR command and the beginning of the FR response.
The available time slots are 1, 16 or 64. One time slot
represents 2.5 ms. The device calculates the actual
time slot based on the TSMAX, TC and Tag ID. The
maximum time slot (TSMAX) is assigned to the device
by the FRR command (see Figures 6-3 to 6-7), or set
to 16, if the TF bit is set.

Four or six bits out of the 32-bit Tag ID are used to
calculate the time slot, with TC being the shift parame-
ter to choose which portion of the 32-bit Tag ID is used,
as shown in Equation 6-3.

EQUATION 6-3: TIME SLOT CALCULATION
TSMAX Time Slot = Tag ID bit range a:b
64 {[4(TC+1)+1] modulo 32: [4 TC] modulo 32} XOR TC LSB
16 {[4(TC+1)-1] modulo 32: [4 TC] modulo 32} XOR TC LSB
1 0

Note: The exclusive-or (XOR) operation in Equation 6-3 is called “semi-inverting” in that it randomizes worst case

tag IDs; for example: a Tag ID of “77777777 or ‘00000000’

Table 6-10 shows examples of the

calculation.
TABLE 6-10: EXAMPLE: TAG ID = h"'825FE1A0
Relevant Tag ID Selectec! Tag ID before Calculated 'I:ime Slot (TS)
TC XOR with LSB of TC (after XOR with LSB of TC)
Hexadecimal Binary TSMAX =16 | TSMAX = 64 TSMAX =16 TSMAX = 64
0 h’825FE1(A0)” b’1010 0000’ h0’ h"20° h0’ do’ h"20° d32°
1 h'825FE(1A)0° b’0001 1010’ h'A’ h™ 1A’ h'5’ d’5’ h'25° d37’
2 h'825F(E1)A0’ b’1110 00071’ h™1’ h21° h1” d1’ h21’ d33"
3 h'825(FE)1A0° b’1111 1110’ h'E’ h"3E’ h™1” d1’ h'01’ d1’
4 h'82(5F)E1AQ0’ b’'0101 1111’ h'F’ h™1F’ h'F’ d"15’ h™1F’ d’31’
5 h’8(25)FE1A0Q’ b’0010 01071’ h'5’ h'25 h'A’ d"10’ h™ 1A’ d26°
6 h’(82)5FE1A0Q° b’1000 0010’ h2’ h'02" h2’ d2’ h02 d2’
7 h’(08)25FE1A” b’0000 1000’ h'8 h'08" h7’ d7 h"37’ d’55’
Legend: h'x..x" represents hexadecimal number
d’x..x" represents decimal number
b°x..x" represents binary number
Table 6-10 shows the calculated time slot (TS): 5 for 6.4 TIME SLOT COUNTER

TC =1 and TSMAX = 16 with Tag ID = h"'825FE1AQ".
This means the device waits for 12.5 ms (5 x 2.5 ms =
12.5 ms) in a nonmodulating condition between the
end of FRR and the start of the FR response.

Also, the TS is 37 for TC =1 and TSMAX = 64. This
means the device waits for 92.5ms (37 x 2.5 ms =
92.5 ms) between the end of FRR and the start of the
FR response in a nonmodulating condition.

This section generates the SLEEP time (2.5 ms x TS)
of the device. During the SLEEP time, the device
remains in a nonmodulating condition.
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7.0 MEMORY SECTION

The memory section is organized into two groups: Main
Memory Section and Stored CRC (SCRC) Memory
Section.

71 Main Memory Section

The main section is organized into 32 blocks, as shown
in Table 7-1, with each block having 32 bits. Each
individual block can be read and written by the Interro-
gator’'s command. The first blocks (0 - 2) are used for
predefined parameters and device operation. The next
three blocks (3 - 5) are used as the FRF data.

The blocks from 3 to 31 (29 blocks) are used for user
data memory. Bits from 0 to 15 of block 0 also can be
used for user memory. The memory is read or written in
32-bit selectable units. The exceptions are the FR bit
and the TF bit of block 0, which are individually
selectable.

Each block is accessed by the Interrogator’s command
based on block address. The reading of FRF blocks
(blocks 3 - 5) can be accomplished in two different
ways: (1) by FRR command or (2) by Read Block
command. The device sends the FRF data when it

receives the FRR command. The length of the FRF
data for the FRR command is determined by DF bits
(see Table 7-6).

7.2 Stored CRC (SCRC) Memory
Section

This memory section is used to store the CRC of the
main memory section. It is organized into 32 blocks.
Each block has 16 bits and contains the CRC of the
corresponding memory block.

The Stored CRC (SCRC) is the CRC of the Interroga-
tor's writing command (Write command + block
address + data). The device stores the received
Interrogator’s CRC and sends back verification when it
sends the block data. For the blocks 0 and 2, the device
sends CCRC instead of the SCRC. The device sends
the CRC of each block as follows:

* Blocks 0 and 2: CCRC of block number and block
data.
» Other blocks except block 0 and 2: SCRC.

* CRC for FRR response: CCRC of Tag ID and FRF
(blocks 3 - 5) data. The data length of the FRF is
determined by DF bits (B0O: 26-27).

TABLE 7-1: MEMORY ORGANIZATION
Main Memory Section Stored CRC Section
(32 blocks x 32 bits) (32 blocks x 16 bits) Comments
M LJ1|1(1(1]1(1]9]|8(7|6|5(4|3|2{1|0
S S|5(4|3|2(1|0
B B
FITTT|{D{M| T Available to user Block 0
RFfF|F|T| M (21 Bits) (Tag Parameters + User Memory)
T
Byte 3 Byte 2 Byte 1 Byte 0 Block 1 (Tag ID = Serial Number)
3[3|2(2|2|2|2|2|2(2|2)2(1|1]|1{1]|1]1{1]|1]1[1]9]|8|7|6|5|4|3|2{1|0 Block 2 (Write-Protection bits)
110(9|8|7|6|5|4(3|2|1(0|9|8|7|6|5(4|3|2(1|0 (Clear bit 2 to write-protect block 2)

Fast Read Field (LS Block) Block 3 (FR Field Least Significant
Block)

Fast Read Field Block 4 (FR Field)

Fast Read Field (MS Block) Block 5 (FR Field Most Significant

Block)

Block 6 (User Data)

Block 7 (User Data)

Block 31 (User Data)

© 2003 Microchip Technology Inc.
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7.3 Bit Layout
7.31 BLOCKO

The bit layout in block 0 is given in the following table.
FR and TF bits are not write-protectable.

TABLE 7-2: BIT LAYOUT OF BLOCK 0

B0:31 B0:30 B0:29 B0:28 B0:27 B0:26 B0:25 B0:24

FR TF TFT1 TFTO DF1 DFO MT1* MTO*

B0:23 B0:22 B0:21 B0:20 B0:19 B0:18 B0:17 B0:16

T™M2* TM1* TMO* User Memory

B0:15 B0:14 B0:13 Bo:-i2 | BO:t | B0 | B0:9 |  BOB
User Memory

BO:7 B0:6 B0:5 Bo4 | B03 | B02 | BOM | BOO
User Memory

Note: * These are ‘hardwired’ bits, not EEPROM bits.

7.3.1.1 Description Of Bits

TABLE 7-3:  FR BIT (B0:31)

i (Fast Rea%egtlaz:uzls:t?zommand (Fast Re::gl;,[:\t:sz;?gommand QEElcatioglExagplS
0 No Yes “ltem” has been purchased in
(see Example 9-1 for response) | retail EAS applications.
1 Yes No “Item” is unpaid in retail EAS
(see Example 9-1 for response) applications.
Note: FR bit is not write-protectable.
TABLE 7-4: TF BIT (B0:30)
TF Condition
0 Interrogator-Talks-First (ITF) mode: Wait for FRR command for FRR Response.
1 Tag-Talks-First (TFT) mode if FR bit is also set: Send Fast Read response without waiting for FRR
command.
Note: TF bit is not write-protectable.
TABLE 7-5: TFT BITS (B0:29 - B0:28) TABLE 7-6: DF BITS (B0:27 - B0:26)
TFT1 | TFTO | TCMAX ! for Tag-Talks-First mode DF1 DFO0 FR Data Field Length
0 0 1 0 0 32 bits (Default)
0 1 |2 0 1 48 bits
1 0 |4 1 0 64 bits
1 1 Never Elapses (Default) 2 1 1 96 bits

Note 1: Only applicable in TTF mode. TSMAX
parameter is set to 64 for TTF mode. For
the ITF mode, the TCMAX is given in the
FRR command.

2: The device continuously sends its FR
response until it receives its correct
matching code. On average, the device will
send its FR response every 80 ms.
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TABLE 7-7: MT BITS (B0:25 - B0:24)
MT1 MTO Memory Type
0 0 Single level EEPROM (Default).
0 1 Reserved for future uses
(e.g., multi level EEPROM).
1 0 Reserved for future uses.
1 1 Reserved for future uses.

Note: The MT bits are “hardwired”.

TABLE 7-8: TM BITS (B0:23 - B0:21)

TABLE 7-10: WRITE-PROTECT

Block X Write Status Bit X of Write-Protect
Block

Block X writable 1

Block X write-protected 0

TM2 T™M1 TMO Total Memory Size

512 bits

1 Kbit (Default)

TBD

TBD

TBD

TBD

Rl |O]|O|O|O

TBD

RlRr|[O|lO|R|FR]|]O]|O
RlO|lRFR|O| R |O|I RO

1 TBD

Note: The TM bits are “hardwired”.

TABLE 7-9:
| B0:(20-0) |

B0: (20-0)
Available for user

7.3.2 BLOCK 1: UNIQUE 32-BIT TAG ID

Block 1 contains 32 bits of unique Tag ID with SCRC.
The ID is uniquely serialized by Microchip Technology
Inc.

7.3.3 BLOCK 2: WRITE-PROTECT FOR
THE FIRST KBITS

Each bit corresponds to a 32-bit block, (i.e., bit 0 to
block 0, bit 1 to block 1, etc.). Program the correspond-
ing bit to ‘0’ to write-protect the block. For example,
program bit 10 to ‘0’ to write-protect the block 10. The
initial value (default) of block 2 is ‘FFFFFFFD’. This
means block 1 (Tag ID) is write-protected before
shipping to customer.

Write-protection is a one way process, (i.e., once a
block is write-protected, it cannot be modified). It
should be noted that the write-protect block itself can
be write-protected. TF and FR bits in block 0 are not
write-protectable, even if the write-protection bit in the
block is set.

7.3.4 BLOCKS 3 - 5: FAST READ FIELDS

These blocks contain data bits for the FR response.
The state of the DF bits (see Table 7-6) in block 0 deter-
mines the actual number of bits to be sent. This block
can be used both as a customer ID and as additional
tag ID numbers. These blocks are called Fast Read
Field (FRF) because the device sends the FRF data
immediately following the FRR command only (ITF
mode), or as soon as energized (TTF mode), without
an additional Block Read command. This means that
the reading of this FRF data can be done by FRR
command only. Reading of other block data requires
the FRR and Block Read commands. Only the FRR
device (FR bit = set) outputs the FRF data. The FRB
device (FR bit = cleared) does not send the FRF data.

© 2003 Microchip Technology Inc.
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8.0 DEVICE TESTING

The device will be shipped to customers with the FR bit

set, and with block 1 write-protected.

The following bits are factory programmed prior to

shipping:

1. DFO (B0:26) and DF1(B0:27) are set to ‘0’s.

2. TFTO (B0:28) and TFT1(B0:29) bits are set to
‘1’s.

3. All bits in the FR field (blocks 3-5) are
programmed to ‘1’s.

4. Failed device in the Test mode: (1) Tag ID is
programmed with "BADBADBA" and (2) inked
with black color on the die (see Section 10.0,
“Failed Die Identification”, for the failed die
identification).

DS40232G-page 34

© 2003 Microchip Technology Inc.



MCRF450/451/452/455

9.0 EXAMPLES

EXAMPLE 9-1: READ/WRITE PULSE SEQUENCE

To write 1 block (32 bits) in Normal mode with TS = 1: ~ 78.014 ms
To read 1 block (32 bits) in Normal mode with TS = 1: ~42.214 ms

v

FRR or FRB Command
&« | (5gap pulses = 1.575 ms)

gé%ﬁgﬁ?r t |For FRR Response:
(FRR or FRB) (Preamble (8 bits) + TC (3 bits) + TP (4 bits) + ‘0’ + 32 bits of Tag ID

+ FRF (32-96 bits) + CCRC of Tag ID and FRF data
= 160 bits max = 2.286 ms)

o '

T ! For FRB Response:
1'32'52%0'3‘73 (Preamble (8 bits) + ‘00001’ + ‘000’ + 32-bit Tag ID (block 1 data)
(1.225 mg) + SCRC (16 bits)
P > = 64 bits = 0.914 ms)
Time Slot.
L(TS) f‘ Listening window (TLw) for 1 ms
Tag Response X :
(FR response) I S

Matching Code during listening window:

MC code = Calibration pulse (1 symbol) + Matched Tag ID (8 bits)
+ MC code type (3 bits) + 1 Parity bit
= Cal. pulse (1 symbol) + 12 bits = 4 symbols = 11.2 ms

Interrogator

Command )( t
(MC and

Read/Write) /’

: Twrite
For Reading: Cal. pulse (1 symbol) + Read Command (MSN first) |, for EEPROM

+ Address (MSN first + Parity) = Cal. pulse + 3 symbols = 11.2 ms|' (5 ms)
+—)
For Writing: Cal. pulse (1 symbol) + Write Command (MSN first) ' X
+ Address (MSN first) + data (LSN first) + Parity/CRC (LSN first)| ! ,
= Cal. pulse (1 symbol) + 14 symbols = 42 ms ) '
Tag Response :
(to Read/Write) — t
Device Outputs:
After a completion of write cycle: / :
Preamble (8 bits) + written block # (5 bits) + ‘000’ '
+ written block data (32 bits) + CCRC/SCRC (16 bits) '
= 64 bits = 0.914 ms :
After Read command: |
Preamble (8 bits) + block # (5 bits) + ‘000’ + block data (32 bits) '
+ CCRC/SCRC (16 bits) !
= 64 bits = 0.914 ms
Interrogator >
Command >t
(End Process) End Process Command:
Cal. pulse + End Process Command (‘111’)
+ Address (01010’) + Parity (1) /‘ ;
= Cal. Pulse + 3 symbols = 11.2 ms .
Tag Response t
to End Process id
Device Response: 8-bit preamble (‘11111110’)j
(0.114 ms)
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EXAMPLE 9-2: CALCULATION OF MATCHING CODE FOR TAG ID = 825FE1A0 (HEX, MSB
FIRST)
The “match” part of the matching code is calculated by the Bit-Wise Equation in Equation 6-2:
“Match (8 bits)” = Tag ID bit range a:b = {4(TC)modulo 32: {4(TC + 1) + 3} modulo 32
For TC = 2, the above equation gives a =8, and b = 15.
The “Match (8 bits)” is chosen from (8th 9th 10th 11th) and (12th 13th 14th 15th) bits of the Tag ID.
Therefore, for the Tag ID = 825FE1A0 (HEX)=b/1000 0010 0101 1111 1110 0001 1010 0000/,
“Match (8 bits)’ =b/1110 0001/ = 1E (HEX).
Using this “Match” part, a complete set of matching code is assembled as:
1E5 for MC1, and
1E9 for MC2
where:
5in the MC1 was fromb/0101/ (010 for MC1 and the last ‘1’ is a parity bit),
9 in the MC2 was fromb/1001/ (100 for MC2 and the last ‘1’ is a parity bit).
Gap position in the 1-of-16 PPM signal for the calculated MC codes:
The gap position numbers in the 1-0f-16 PPM for the calculated MC codes are (see Figure 6-9 for 1-0f-16 PPM):
Positions 1, 14, and 5 for 1E5 for MC1 code
Positions 1, 14, and 9 for 1E9 for MC2 code.
The “Match” part of the matching code for various TCs are given in Table 9-1.

TABLE 9-1: CALCULATED “MATCH” FOR TAG ID = 825FE1A0 (HEX)
TC “Match (8 bits) in HEX”

0A

A1

1E

EF

F5

52

28

80

N[ojloa|l~h|lW|IN|~|O
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EXAMPLE 9-3: TO WRITE DATA INTO THE DEVICE

The Interrogator command structure for writing (see Section 6.2.1) is:

Calibration pulse + Writing Command (MSN first) + Address (MSN first) + Data (LSN first) + Parity/CRC (LSN first)

If the Interrogator wants to write data “0123cdef (HEX, MSB to LSB)” to block 5, the following message will be sent:
Calibration pulse + Write Command (MSN first) + Address (MSN first) + Data (LSN first) + Parity/CRC (LSN first)
= Cal. pulse + 101 (Write command) + 00101 (address) +fe dc 3 2 1 0 (data, HEX) + CRC
= Calibration pulse + a5fedc 321060 2e (HEX string)

Note: CRC = CRC for the Write command, address, and data. Calibration pulse is not included for the CRC cal-
culation. See Application Note AN752 (DS00752) for the CRC calculation algorithm.

The HEX string above is encoded with the 1-of-16 PPM signals. See Figure 6-10 for the 1-0f-16 PPM representation of
HEX values.

Referring to Figure 6-10, the gap positions in the 1-of-16 PPM for the above HEX string are:
Positions 10 (a), 5 (5), 15 (f), 14 (e), 13 (d), 12 (c), 3 (3), 2 (2), 1 (1), 0 (0), 6 (6), 0 (0), 2 (2), e (14).

Device Response:

1. If writing is completed: The device sends the written data after 5 msec of EEPROM writing time.

2. If writing is failed due to insufficient programming voltage for unprotected block: The device sends the current
block data after about 500 psec of delay.

3. [Ifwriting is failed because the block is write protected block: The device sends the current block data immediately
after the command.

4. If writing is failed due to incorrect CRC: The device does not respond at all.

FIGURE 9-1: FLOW CHART FOR THE DEVICE RESPONSE TO THE WRITE COMMAND

Received
Write Command?

Wait for
Command

Is CRC Yes

Correct?

Read and Send Yes Is the Block
EEPROM |- Write Protected?
Block Data

No Have sufficient Start High Voltage
- High Voltage for and Wait for about
programming? 500 psec
- Write EEPROM
Data (5 msec)
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EXAMPLE 9-4: TO READ DATA FROM THE DEVICE

To read the content of block 5 that has been programmed in the previous example, the Interrogator sends the following
command:

Calibration pulse + Read Command (‘110 ) + Address (‘'00101") + Parity (‘0’)
= Calibration pulse + C50 (HEX)

The gap positions in the 1-of-16 PPM signal for the above HEX string are:
12 (C), 5(5), 0(0).

Device Response:

When the device receives the above Interrogator command, the device outputs the following 70 kHz Manchester
encoded data string (see Section 6.2.2 for the structure of device response):

Preamble (8 bits) + Block number (5 bits, LSB first) + ‘000’ + Block Data (32 bits, LSB first) + SCRC (16 bits)
=1-1-1-1-1-1-1-0(f7)+ 1-0-1-0-0-0-0-0(50)+ 1-1-1-1 0-1-1-1 1-0-1-1... 1-0-0-0
0-0-0-0(fedc3210)+ 0-1-1-0 0-0-0-0 0-1-0-0 0-1-1-1 (602e).

EXAMPLE 9-5: TO SEND THE “END PROCESS” COMMAND

The Interrogator command structure (see Section 6.2) for the End Process is:

Calibration pulse + End Process Command (‘111’) + Address (‘01010 ) + Parity (1) = Calibration pulse + EA1
(HEX)

The gap positions in the 1-0f-16 PPM signal for the above HEX string are:
14 (E), 10(A), 1(1).

Device Response:

The device outputs the 8-bit preamble (‘11111110’) when it receives the End Process command, and enters the
Sleeping Loop.
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10.0 FAILED DIE IDENTIFICATION

Every die on the wafer is electrically tested according
to the data sheet specifications and visually inspected
to detect any mechanical damage, such as mechanical
cracks and scratches.

Any failed die in the test or visual inspection is identified
by black colored ink. Therefore, any die covered with
black ink should not be used.

The ink dot specification:
* Ink dot size: 254 um in circular diameter

« Position: central third of die
« Color: black

11.0 WAFER DELIVERY
DOCUMENTATION

The wafer is shipped with the following information:

» Microchip Technology Inc. MP Code

* Lot Number

+ Total number of wafers in the container

» Total number of good dice in the container
» Average die per wafer (DPW)

» Scribe number of wafers with number of good
dice

12.0 NOTICE ON DIE AND WAFER
HANDLING

The device is very susceptible to Electrostatic
Discharge (ESD), which can cause a critical damage to
the device. Special attention is needed during the
handling process.

Any ultraviolet (UV) light can erase the memory cell
contents of an unpackaged device. Fluorescent lights
and sunlight can also erase the memory cell, although
it takes more time than UV lamps. Therefore, keep any
unpackaged device out of UV light and also avoid direct
exposure of strong fluorescent lights and shining
sunlight.

Certain IC manufacturing, COB, and tag assembly
operations may use UV light. Operations such as back-
grind de-tape, certain cleaning procedures, epoxy or
glue cure should be done without exposing the die
surface to UV light.

Using X-ray for die inspection will not harm the die, nor
erase memory cell contents.

13.0 REFERENCES

It is recommended that the reader reference the
following documents.

1. “Antenna Circuit Design for RFID Applications”,
AN710, DS00710.

2. “RFID Tag and COB Development Guide with
Microchip’s RFID Devices”, AN830, DS00830.

3. “CRC Algorithm for MCRF45X Read/Write
Devices”, AN752, DS00752.

4. “Interface Control Document for 13.56 MHz
Anticollision Interrogator”, AN759, DS00759.

5. “13.56 MHz Reader Reference Design for the
MCRF450/451/452/455 Read/Write Devices”,
DS21654.
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14.0 PACKAGING INFORMATION

14.1 Package Marking Information

8-Lead PDIP (300 mil)

Example:
[ [Nl
XXXXXXXX MCRF450

XXXXXNNN 237
o B yyww o 0025
[ LITLIL] LT LI L]

8-Lead SOIC (150 mil)

Example:
[ [0 (] 11 00T

XXXXXXXX MCRF450
XXXXYYWW 0025
o SNNN o ®237

INIRINI INIRInI

Legend: XX..X Customer specific information*
YY Year code (last 2 digits of calendar year)
ww Week code (week of January 1 is week ‘01’)
NNN  Alphanumeric traceability code

Note: Inthe event the full Microchip part number cannot be marked on one line, it will

be carried over to the next line thus limiting the number of available characters
for customer specific information.

*

Standard device marking consists of Microchip part number, year code, week code, and traceability code.
For device marking beyond this, certain price adders apply. Please check with your Microchip Sales
Office. For QTP devices, any special marking adders are included in QTP price.
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Package Marking Information (Continued)

MCRF45X COB
423 Detail X
= 142
T 040(max.)
158 L, “ [
| 1
~ N
N
T [] i o8
5o
¥
8
T, |=72.0(
8% .
‘@ l 2
[sel d b [5¢]
e—4.90—~
¥ C |
Q@ : _FO.SO(ref)
3> —3.88—
8
ﬁ \ v
‘@ ;
d +—iB
' ©
o Note:
" 4 1. Reject hole by device testing
Y N 2. Top gate mark (Option)
E—| D 3. Total package thickness excludes
L f punching burr
R0.20(4X) 2375

Legend: XX..X Customer specific information*
YY Year code (last 2 digits of calendar year)
ww Week code (week of January 1 is week ‘01)
NNN Alphanumeric traceability code

Note: In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line thus limiting the number of available characters
for customer specific information.

*  Standard device marking consists of Microchip part number, year code, week code, and traceability code.
For device marking beyond this, certain price adders apply. Please check with your Microchip Sales
Office. For QTP devices, any special marking adders are included in QTP price.
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8-Lead Plastic Dual In-line (P) — 300 mil (PDIP)

T

-

0l

1L L L

B
T eB 1
Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 8 8

Pitch p .100 2.54

Top to Seating Plane A .140 .155 170 3.56 3.94 4.32
Molded Package Thickness A2 115 .130 .145 2.92 3.30 3.68
Base to Seating Plane A1 .015 0.38

Shoulder to Shoulder Width E .300 .313 .325 7.62 7.94 8.26
Molded Package Width E1 .240 .250 .260 6.10 6.35 6.60
Overall Length D .360 .373 .385 9.14 9.46 9.78
Tip to Seating Plane L 125 130 135 3.18 3.30 3.43
Lead Thickness c .008 .012 .015 0.20 0.29 0.38
Upper Lead Width B1 .045 .058 .070 1.14 1.46 1.78
Lower Lead Width B .014 .018 .022 0.36 0.46 0.56
Overall Row Spacing §| eB .310 .370 430 7.87 9.40 10.92
Mold Draft Angle Top o 5 10 15 5 10 15
Mold Draft Angle Bottom B 5 10 15 5 10 15

* Controlling Parameter
§ Significant Characteristic

Notes:

Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed
.010” (0.254mm) per side.

JEDEC Equivalent: MS-001

Drawing No. C04-018
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8-Lead Plastic Small Outline (SN) — Narrow, 150 mil (SOIC)

|
]

LI: 1
P
—] 1
1B 5
] 12
B n [ O 11
h
45°

1

[

[T

A2

Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 8 8

Pitch P .050 1.27

Overall Height A .053 .061 .069 1.35 1.55 1.75
Molded Package Thickness A2 .052 .056 .061 1.32 1.42 1.55
Standoff § A1 .004 .007 .010 0.10 0.18 0.25
Overall Width E .228 237 244 5.79 6.02 6.20
Molded Package Width E1 146 154 157 3.71 3.91 3.99
Overall Length D .189 .193 197 4.80 4.90 5.00
Chamfer Distance h .010 .015 .020 0.25 0.38 0.51
Foot Length L .019 .025 .030 0.48 0.62 0.76
Foot Angle [ 0 4 8 0 4 8
Lead Thickness c .008 .009 .010 0.20 0.23 0.25
Lead Width B .013 .017 .020 0.33 0.42 0.51
Mold Draft Angle Top o 0 12 15 0 12 15
Mold Draft Angle Bottom B 0 12 15 0 12 15

* Controlling Parameter
§ Significant Characteristic

Notes:

Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed

.010” (0.254mm) per side.
JEDEC Equivalent: MS-012
Drawing No. C04-057
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NOTES:

DS40232G-page 44 © 2003 Microchip Technology Inc.



MCRF450/451/452/455

ON-LINE SUPPORT

Microchip provides on-line support on the Microchip
World Wide Web site.

The web site is used by Microchip as a means to make
files and information easily available to customers. To
view the site, the user must have access to the Internet
and a web browser, such as Netscape® or Microsoft®
Internet Explorer. Files are also available for FTP
download from our FTP site.

Connectingtothe Microchip Internet Web Site

The Microchip web site is available at the following
URL:

www.microchip.com

The file transfer site is available by using an FTP
service to connect to:

ftp://ftp.microchip.com

The web site and file transfer site provide a variety of
services. Users may download files for the latest
Development Tools, Data Sheets, Application Notes,
User's Guides, Articles and Sample Programs. A vari-
ety of Microchip specific business information is also
available, including listings of Microchip sales offices,
distributors and factory representatives. Other data
available for consideration is:

 Latest Microchip Press Releases

» Technical Support Section with Frequently Asked
Questions

» Design Tips

» Device Errata

« Job Postings

* Microchip Consultant Program Member Listing

* Links to other useful web sites related to
Microchip Products

» Conferences for products, Development Systems,
technical information and more

« Listing of seminars and events

SYSTEMS INFORMATION AND
UPGRADE HOT LINE

The Systems Information and Upgrade Line provides
system users a listing of the latest versions of all of
Microchip's development systems software products.
Plus, this line provides information on how customers
can receive the most current upgrade kits.The Hot Line
Numbers are:

1-800-755-2345 for U.S. and most of Canada, and
1-480-792-7302 for the rest of the world.

092002

© 2003 Microchip Technology Inc.
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READER RESPONSE

It is our intention to provide you with the best documentation possible to ensure successful use of your Microchip prod-
uct. If you wish to provide your comments on organization, clarity, subject matter, and ways in which our documentation
can better serve you, please FAX your comments to the Technical Publications Manager at (480) 792-4150.

Please list the following information, and use this outline to provide us with your comments about this document.

To: Technical Publications Manager Total Pages Sent
RE: Reader Response

From: Name

Company

Address

City / State / ZIP / Country

Telephone: ( ) - FAX: ( ) -

Application (optional):
Would you like a reply? Y N

Device: MCRF450/451/452/455 Literature Number: DS40232G

Questions:

1. What are the best features of this document?

2. How does this document meet your hardware and software development needs?

3. Do you find the organization of this document easy to follow? If not, why?

4. What additions to the document do you think would enhance the structure and subject?

5. What deletions from the document could be made without affecting the overall usefulness?

6. Is there any incorrect or misleading information (what and where)?

7. How would you improve this document?
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PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

Temperature Range: =

Package: WF
WFB

wB

SB
XISN

PART NO. 2(|_ IXX
Device Temperature Package
Range
Device: MCRF450: 13.56 MHz Anti-collision Read/Write
MicrolD device w/no internal resonant
capacitor
MCRF450/7M: COB (Chip-On-Board) module with dual
68 pF capacitor
MCRF451: 13.56 MHz Anti-collision Read/Write
MicrolD device w/100 pF internal
resonant capacitor
MCRF452: 13.56 MHz Anti-collision Read/Write
MicrolD device w/25 pF internal resonant
capacitor
MCRF455: 13.56 MHz Anti-collision Read/Write

MicrolD device w/50 pF internal resonant
capacitor

-20°C to +70°C

Sawed 8" wafer on frame (8 mil backgrind)
Bumped, sawed 8" wafer on frame (8 mil
backgrind

8" wafer (11 mil backgrind)

Bumped 8" wafer (8 mil backgrind)

Dice in waffle pack (8 mil backgrind)
Bumped die in waffle pack (8 mil backgrind)
SOIC (150 mil body), 8-lead (rotated pinout)
PDIP (300 mil body), 8-lead

Examples:

a)

b)

MCRF450/W:  13.56 MHz Anti-collision
Read/Write MicrolD device, 1 Kbit, no cap, 8"
wafer, 11-mil backgrind.

MCRF450/7M: 13.56 MHz Anti-collision
Read/Write MicrolD COB (IST I0A2), 1 Kbit,
68 pF dual capacitor between antenna A and B,
antenna B and Vss. Thickness = 0.4 mm.

MCRF451/WF: 13.56 MHz Anti-collision
Read/Write MicrolD device, 1 Kbit, 100 pF
internal res cap, 8" wafer on frame, 8 mil
backgrind.

MCRF451/S: 13.56 MHz Anti-collision
Read/Write MicrolD device in waffle pack,

1 Kbit, 100 pF internal res cap, 8-mil
thickness.

MCRF452/WFB: 13.56 MHz Anti-collision
Read/Write MicrolD bumped device for flip-
chip assembly, 1 Kbit, 50 pF dual (25 pF)
internal res cap, Bumped 8" wafer, 8-mil
backgrind wafer on frame.

MCRF455X/SN: 13.56 MHz Anti-collision
Read/Write MicrolD device in SOIC package,
1k bit, 50 pF internal res cap.

Sales and Support

Data Sheets

1. Your local Microchip sales office
2. The Microchip Corporate Literature Center U.S. FAX: (480) 792-7277
3. The Microchip Worldwide Site (www.microchip.com)

New Customer Notification System
Register on our web site (www.microchip.com/cn) to receive the most current information on our products.

Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and
recommended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following:

Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using.

© 2003 Microchip Technology Inc.
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Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip's Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is intended through suggestion only
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications. No
representation or warranty is given and no liability is assumed by
Microchip Technology Incorporated with respect to the accuracy
or use of such information, or infringement of patents or other
intellectual property rights arising from such use or otherwise.
Use of Microchip’s products as critical components in life
support systems is not authorized except with express written
approval by Microchip. No licenses are conveyed, implicitly or
otherwise, under any intellectual property rights.

DNV MSC
The Netherlands

DNV Certification, Inc.

ANSI-RAB
Qms

*
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~
~
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m
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m
o

1SO 9001 / QS-9000
REGISTERED FIRM

Accredited by the RvA

Trademarks

The Microchip name and logo, the Microchip logo, KEELOQ,
MPLAB, PIC, PICmicro, PICSTART, PRO MATE and
PowerSmart are registered trademarks of Microchip Technology
Incorporated in the U.S.A. and other countries.

FilterLab, microlD, MXDEV, MXLAB, PICMASTER, SEEVAL
and The Embedded Control Solutions Company are registered
trademarks of Microchip Technology Incorporated in the U.S.A.

Accuron, Application Maestro, dsPIC, dsPICDEM,
dsPICDEM.net, ECONOMONITOR, FanSense, FlexROM,
fuzzyLAB, In-Circuit Serial Programming, ICSP, ICEPIC,
microPort, Migratable Memory, MPASM, MPLIB, MPLINK,
MPSIM, PICC, PICkit, PICDEM, PICDEM.net, PowerCal,
Powerlnfo, PowerMate, PowerTool, rfLAB, rfPIC, Select Mode,
SmartSensor, SmartShunt, SmartTel and Total Endurance are
trademarks of Microchip Technology Incorporated in the U.S.A.
and other countries.

Serialized Quick Turn Programming (SQTP) is a service mark of
Microchip Technology Incorporated in the U.S.A.

All other trademarks mentioned herein are property of their
respective companies.

© 2003, Microchip Technology Incorporated, Printed in the
U.S.A., All Rights Reserved.

f‘? Printed on recycled paper.

Microchip received QS-9000 quality system
certification for its worldwide headquarters,
design and wafer fabrication facilities in
Chandler and Tempe, Arizona in July 1999
and Mountain View, California in March 2002.
The Company’s quality system processes and
procedures are QS-9000 compliant for its
PICmicro® 8-bit MCUs, KEELOQ® code hopping
devices, Serial EEPROMSs, microperipherals,
non-volatile memory and analog products. In
addition, Microchip’s quality system for the
design and manufacture of development
systems is ISO 9001 certified.
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WORLDWIDE SALES AND SERVICE

AMERICAS

Corporate Office

2355 West Chandler Blvd.

Chandler, AZ 85224-6199

Tel: 480-792-7200 Fax: 480-792-7277
Technical Support: 480-792-7627

Web Address: http://www.microchip.com

Atlanta

3780 Mansell Road, Suite 130
Alpharetta, GA 30022

Tel: 770-640-0034 Fax: 770-640-0307

Boston

2 Lan Drive, Suite 120

Westford, MA 01886

Tel: 978-692-3848 Fax: 978-692-3821
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Australia
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China - Beijing

Microchip Technology Consulting (Shanghai)
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Unit 915
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Microchip Technology Consulting (Shanghai)
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Tel: 86-28-86766200 Fax: 86-28-86766599
China - Fuzhou

Microchip Technology Consulting (Shanghai)
Co., Ltd., Fuzhou Liaison Office

Unit 28F, World Trade Plaza

No. 71 Wusi Road

Fuzhou 350001, China

Tel: 86-591-7503506 Fax: 86-591-7503521
China - Hong Kong SAR

Microchip Technology Hongkong Ltd.

Unit 901-6, Tower 2, Metroplaza

223 Hing Fong Road

Kwai Fong, N.T., Hong Kong

Tel: 852-2401-1200 Fax: 852-2401-3431
China - Shanghai

Microchip Technology Consulting (Shanghai)
Co., Ltd.

Room 701, Bldg. B

Far East International Plaza

No. 317 Xian Xia Road

Shanghai, 200051

Tel: 86-21-6275-5700 Fax: 86-21-6275-5060
China - Shenzhen
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